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1. My name is Zuo Zhisong. I am a Standard Engineer at ZTE Corporation. I

have been employed by ZTE Corporation since 2005.

2. For more than 10 years, since February 2005, I have served as one of ZTE’s

delegates to the Third Generation Partnership Project (“SGPP”) in a subgroup of

3GPP’s Technical Specification Group - Radio Access Network (“TSG-RAN”)

known as Working Group 1 (“WG1”).

3. During this period, I have attended dozens of WG1 ’s meetings and

subscribed to WGI ’s reflector list (3GPP_TSG_RAN_WGl@list.etsi.org), to

which I have sent hundreds of e-mail messages and through which I have received

thousands of e-mail messages. In general, before each WGI meeting that I

attended, I received e-mail messages from delegates of other companies through

WG1’s reflector list, providing technical documents, called contributions, for

discussion at the meeting. Some of those e-mail messages provided the technical

documents as e-mail attachments, while other e-mail messages provided links to

the locations where the technical documents were stored on 3GPP’s publicly

available website <http://www.3gpp.org>. Regardless of how the e-mail messages

provided access to the technical documents, those documents were also uploaded

to and available for download at 3GPP’s publicly available website.

4. As a delegate for WG1, I sent e-mail messages submitting technical

documents on ZTE’s behalf to WGl ’s reflector list hundreds of times before
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meetings for which the documents were submitted for discussion. I also uploaded

technical documents to 3GPP’s publicly available website more than 200 times

before meetings for which the technical documents were submitted for discussion.

5. In my 10 years as a delegate for WG1, I have also regularly accessed the

location on 3GPP’s website storing technical documents submitted to WG1. That

location is available at the uniform resource identifier

<http://www.3gpp.org/ftp/tsg_ran/WG1_RL1/>, which I refer to in this declaration

as “WG1’s public directory.” Since 2005, I have accessed WG1’s public directory

in several ways, such as, for example, by entering the uniform resource identifier

of WG1 ’s public directory into an Internet browser and by accessing 3GPP’s

homepage <http://www.3gpp.org> and then navigating to the uniform resource

identifier of WG1’s public directory. Regardless of which method I used to access

WG1’s public directory, I have never encountered a password requirement or any

other restriction that would prevent me or a member of the general public from

accessing WG1 ‘s public directory or any intermediate location. Based on my 10

years of experience as a WG1 delegate, since 2005 to the present, any member of

the public could freely access WG1 ’s public directory, browse it, and download

technical documents stored to it without restriction.

6. I attended WG1 Meeting #44bis, which was held on March 27-31, 2006, in

Athens, Greece. Attached as Exhibit 1 is a true and correct copy of an e-mail



ZTE/HTC 
Exhibit 1015-0004

4

nw$@emmdMmw2L2MmJmmwbfimeM%mg#MhsIommmdmfie

mail message from 3GPP’s public e-mail website, which is available at

<https://list.etsi.org/> and with which I have become familiar as a WG1 delegate.

Like all other members of WGI, I received this e-mail message from Mr.

Katsuhiko Hiramatsu through WG1’s reflector list along with five ZIP file

attachments, including a ZIP file titled “Rl —060792.zip.” That ZIP file contained a

single Microsoft Word document, a true and correct copy of which is attached as

Exhibit 2. Neither the ZIP file nor the Word document enclosed in the ZIP file had

a password or anything else that would have restricted my ability to access its

contents.

7. In preparing this declaration, I accessed

<www.3gpp.o1'g/ftp/tsg_ran/WG1_RLl/TSGRl_44bis/Docs/>, the location on

3GPP’s web site at which R1-060792.zip is accessible to any member of the public

without restriction. Attached as Exhibit 3 is a true and correct copy of a printout

from that website. Exhibit 3 lists several ZIP files, including R1-060792.2ip, as

shown in the following excerpt.

963139 R1-969789 . Zip1 AM

0 AM 468156 R1-866790.219

4 AM 124596 R1-866792.219
4 A

4 AM

3/21/2806 16:4

3/21/2666 10:2

3/21/2996 9:9

3/21/2966 9:9

3/21/2896 9:0

17727 R1-B66793 . zip

35394 R1-966794. zip
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(Ex. 3 at 1.) The text “R1-060792.zip” provides a link to a ZIP filed titled R1-

O60792.zip. I downloaded and opened this ZIP file and found that it contains a

single Microsoft Word file, a true and correct copy of which is attached as Exhibit

4. I compared Exhibit 4 to Exhibit 2, the Word file in the attachment that I

received from Mr. Hiramatsu on March 21, 2006, and found that those two exhibits

are identical.

8. In the excerpt from the 3GPP website printout shown above, there is also a

date stamp (3/21/2006) to the left of the link to R1-060792.zip. Based on my 10

years of experience as a delegate for WG1, having uploaded more than 200 ZIP

files to 3GPP’s publicly available server, I understand this date stamp to mean that

R1-060792.zip was uploaded to 3GPP’s publicly available website on March 21,

2006, and that any member of the public could have downloaded the ZIP file,

extracted the Word document it enclosed, and viewed the contents of that Word

document without restriction on March 21, 2006 and thereafter. I have no reason

to believe this date stamp is inaccurate.

9. I also attended WGI Meeting #45, which was held on May 8-12, 2006 in

Shanghai, China. Attached as Exhibit 5 is a true and correct copy of an e-mail

message dated May 2, 2006, shortly before Meeting #45. I obtained this e-mail

message from 3GPP’s public e-mail website, which is available at

<https://list.etsi.org/>, and with which I have become familiar as a WG1 delegate.
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Like all other members of WG1, I received this e-mail message from Mr.

Hiramatsu through WG1’s reflector list along with two ZIP file attachments,

including a ZIP file titled “R1-061l14.zip.” That ZIP file contained a single

Microsoft Word document, a true and correct copy of which is attached as Exhibit

6. Neither the ZIP file nor the Word document enclosed in the ZIP file had a

password or anything else that would have restricted my ability to access its

Contents.

10. In preparing this declaration, I accessed

<http://www.3gpp.org/ftp/tsg_ran/WGI_RL1/TSGRl_45/Docs/>, the location on

3GPP’s website in which R1—06l114.zip is accessible to any member of the public

without restriction. Attached as Exhibit 7 is a true and correct copy of a printout

from that website. Exhibit 7 lists several ZIP files, including R1—061 I 14.zip, as

shown in the following excerpt.

5/12/2996 : 431339 R1-061111.219

5/2/2006 : 174661 R1-661112.219

5/2/2006 : 71687 R1-961114.zip

5/2/2906 : 93632 R1-661115.219

5/3/2006 : 231279 R1—661116.ziQ

(Ex. 7 at I.) The text “R1-061 1 l4.zip” is a link that, when selected, initiates a

download of a ZIP file titled RI-O61 I 14.zip. I downloaded and opened this ZIP

file and found that it contains a single Microsoft Word file, a true and correct copy

of which is attached as Exhibit 8. I compared Exhibit 8 to Exhibit 6, the Word file
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in the attachment that I received from Mr. Hiramatsu on May 2, 2006. and found

that those two exhibits are identical.

1]. In the excerpt above, there is also a date stamp (5122006) to the left of the

link to R1-061ll4.zip. Based on my 10 years of experience as a delegate for WG1,

having uploaded more than 200 ZIP files to 3GPP’s publicly available server, I

understand this date stamp to mean that R1-061 1 l_4.zip was uploaded to 3GPP’s

publicly available website on May 2, 2006. and that any member of the public

could have downloaded the ZIP file. extracted the Word document it enclosed. and

viewed the contents of that Word document without restriction on May 2, 2006 and

thereafter. I have no reason to believe this date stamp is inaccurate.

12. I declare under penalty of perjury that the statements made herein are

believed to be true based upon either my personal knowledge or to the best of my

knowledge, information, and belief.

4Da:e:1=ebruaryi.2o16 ' 3””-2% g 2



ZTE/HTC 
Exhibit 1015-0008

8

ZTE/HTC

Exhibit 1015-0008



ZTE/HTC 
Exhibit 1015-0009

9

1_J_._STS_ER'_b’ l6_.D

'1

Q’ 3GPP_TsG_RAN_WG1 Archives
J

Subscriber's Corner Email List

3GP P_TSG_RAN_WG1@LIST.ETSI.ORG

View: lleeseue: [F|ret|PrevioI.I|Ne:t|uet]
Byfople: [Flrai |Prevlous |Ne:d |Lasl]
ByAI.dhor:[fimt |Previous |Ne:d |Laal]
Fort: ProporflonelForl

subject: Penaeotlc conlrlmtlonfor LTE
From: Kahuhiko HIRAMATSU «flog in to u1n1eek]>

Reply-To: Kalsuhlko HIRAMATSU qleq In to I.l'I'nael(]>
Deb: Tue, 21 Mar 2006 15:51:25 +0900

content-Typo: mulliparlnuhned

texb‘phIn(23 lines). R1-noommp
_ (23 lines) , R1-00019-I-.zlp(23 lines),

PerIelAflIcl1|nenI:e: .;_=.=:;-»- R1-0007'I5:ip (23 lines) . n2-
namnzznp (23 lines). R1 .nom2zIp
(23 linea)

Dear all,

Please -Find the attached Panasonic contributions on
LTE.

Best regards ,
Katsuhiko Hiranatsu

R1-060792 Random access burst evaluation in E-UTRA

uplink
R1-B60793 Indication of combination between L1IL2

control

signaling and uplink data
n1—B6B?94 channel Coding Structure for LTE

dlnlink
R1-B60795 Feedback of UE measurement for HIHO

RAN1/2 joint:

R2-966982 Channel coding Structure -For LTE
dounlink

(same contents as in R1-B69794)

Top of Ileeeege ] Prevleue Page [ Pemlallne

‘Ax L|5TS$VAI'c|'IiIlIl

‘_- 3GP|'_T3G_FIAll_\'lG1 Home

J.-, 3GPl'_T8C|_RAll_WG‘l lflerch 2fl0IJ\'ee|\'3

ficyarch Arcnwoss

__ Log In
«-09 3| PIIOIDIII

Q Search Archlvee

3 Subeorlae or unauh-erb-

Archhaes

December 2015, Wonk Il-
Decenlber 2015. Week 3
Decemllr 2015, Woek 2
December 2015, Weeki
I|ove¢IIber2o15,‘|!loek 5
November 2013. Weak 4
NovenIber2I.'I15.Week I
NovenIIIr2015,Woek2
November 2015. Week 1
October 2015, Week I
October 2015. Week 4
October 2015, Noel! 3
October 2015. Week 2
October 2015, Week ‘I
September 2B1 5, Week 5
Sefilnbor 101 5, Hook 4
September 2015. ‘Neel: 3
September 2015, week 2
Seplamber 2015. Week 1
August 2015, Week 5
Anguetiflfi, Wonk 4
Au§uel.2015. Week 3
Allguet 2015, Week 2
Joy 2015. Week 5
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J uly 2015. Wick 4_
July £015; Wool: 3
J uly 2015. WIOII 2
July 2015, Wank 1
Jun! 2015; Wonk 5
June. 2015, Well; 4
J._ur.I.o_ :01 5'. W9:9_|.I:3
Jum :01 5. Week 2
Jum 2015. Walk 1
[lay 2015. Week '5
my 20.15, Wpek 4'
Hly 2015, Walt 3
May 201.5. Wash 2
Hay'2015. Wink 1
AprII.201. 5. Wank 5
April 2015, Wank .4
April 2015, Wick 3
April 2015. ‘Noel: 2
Apr]I.20_15. 'l_V_e;e'k 1
March 2015. Week 5
March 2015, Wank 4.

march 2o15..wuk 3-
Hlrch Z015, Wank 2
Mirch 2015, Hook 1
Fnhruary_Z015. ‘Neck 4
l_=I_lIrua_ry‘20‘_I 5. 3
Fo'brua'ry 2015, weak 2
Puhmau-y 21:15. max 1
Jlmnry 2015, Wonk 5'
January 2015, Wbok-4
January 201 5..Wu.k.'3
J:nunry 20‘I5._WenIc 2-

J1nunry 20'l5..,'Woo|:-1
Duuaumbjr 201 4. We'll! 4
Doonrnlahr "201 .4. Wuk 3
Donum[hr 2014. Week 2
I:la_o.a_n1 bar. '2,01_4.:Wa¢k_ 1
mmmbor 2014,.‘|N¢-Ik 5
Hovimbor 20-‘I 4.'WI_Ok 4
Howrn'I:|r 201 '4. WOIK 3
l'l_cI'\'r§'rrlI_1_l_r Z014,-Wjlk 2
Illuwrnlair 2014. Walk ‘I
October 2014, Wegk '5
Oclnbor 2014, Wash 4
ocmhor 2014, w_oo1:_a
Ociinbnr 201 4, Wick 2
Ocinhnr 2014, Wick‘ 1
septumbar 2014, Wall: 5
.sopt'aniuarzo14.wu|_:4
septumher 2014. Week 3
Sdptumbsr 2014, Wank 2
Septumbar 2014. Wopk 1
August 2014. Walk 5
August-2014. Walk 4
August 2014, ‘Will: 3
Aufllast 2014. Wdlk 2
August 2014. Walk 1
July 2014. wo_a,k- :-
..-| uly 2014, Wink 4
July 2014, ll_\'Ie'k-3
July 2llI4,.WIok 2
July 2014. max 1
June 2014. Wonk 5
June 2014, weal; 4
Juno 1,014, Wepk-§
J um 201:, W_iI_|: 2
J.uI'l_l 2014, Well: 1
In 2014, weak 5
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lily 20,1-I, Wick 4_
May 1_I_l'l‘_4, Wool: 3
May 2014. Wait 2
iluy[2Il'I.4. Wink 1
April 2014, wuk 5
April 201.4. Wugk -I
April 2014. WI.IQ|§._a'
April 2014. Wu]: 2
April 2014, Week 1
[larch 2014. Week 5
lurch 2014, weak 4
Hnrch 2014. Week 3
March 2014. Week!-
Marcli 1014. Wick 1
Fahruary 2014, W11-alt 4
1'-‘abruary 2'l:|14,'o.9lo1_1l:-3
Flhruary 2014. Week‘!
Fuhrulrjr 2.014. Wool; 1
.m.1'u1'ry‘ 1914. 5
Jlnulry 201-I._‘Weol1 4-
..I_ar1uIr.y 2014, Wool: 3
..lIrIulry'2014, 'WaIII:'2
Jlnulry 1014, Won]: 1
DIoIrI1'|I_l'I"201 3, Wall: 4
nooombor 2013. Hook 3
December-2013.-Wonk 2
Dmnmbor 201 3. Weak» 1
lilovarnlur 2013. Week 5
l|la\ran1'I:Ir2013. ‘Wonk 4
Novumhpr 2013, Wall: 3
Nmrnh-r 20:13. v.v_-.-k-'2
November 2013. Wait -‘I
Octolior 2013. Wflck .5
Ocuhur 2013, Wait 4
-OI:tnhnr2DI3,Wnol: 3

2.01 3,_V__U__a_Qlt.2'
October 2013. Wait 1
sopumbar 201 3,W_Ial1 s
Soptombar 201 3. Wonk 4
SlflilnMr 201 3'. Willi}

2013, Walk"-2
Scptlmhur 2013. Wonk 1
Augustzfll 3__, man 5
August 2013, Walk 4
August 191 3, max 3
Aug1ut2l'.I13, Wllk 2
August 201:1, Wink 1
July 2013-, Wool: 11
July 201 3,.W'l.o|l. 3
J uly 2013. ‘Neck 2
..I1;1iy‘2llI3. weak 1
Juno 2013. Walk 5

J 11110 _a_o-_I 1_._ WuItal
Jum 2013. _Wuk.3,
Jun! 1013, W9'Ik_2
June 201 3, Hell! 1
my 2013, Wuk-'5'
my 2013', wank 4
my 2013, Wink 3
my 2013, wool: 2
HI]! 2llI3,.W|ak 1
April 201 3‘, WIOK 5
April 2013. Wick 4
April 2013-. Wick-3
Aprl_l_20I3. Wu]: 1
April 2013. Wqok 1
March ;o13.1_Nuk 5
Hitch 2013. Week‘ 4
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March 2013.. Wick 3
I.lIrch.!'lJ'1S.. Wuk'2
March 2013. .W6Ik.1
Fahruary. 2913. Ikfilk 4
Fabruary 21113, WOIK 3
February 2913, ’o\h;al;.2
Fla'.hr'u,II'll 2013.._WgIk. 1
January 2'01:-, ‘Neal; 5
January 2013, Weak 4
January 2015. Wail: 3
January 2013, Weak 2
January 2013. Weak 1
December 2012. Weak 4
D_0o_lI'mher 2012. weak .3
Doolmlanr-2012, Wick 1
Nuvomlur 2012. We-all: 5
Nwamhr201 2.'Waak 4
Nwalrllaar 2012. Wall: 3
NW'0.rI'(hajr 2012. W_e:!l( 2
Hcvambar 201 2.'Wa'ak 1
Octnbor 2012, Weak 5
Ochdllr 2012, Wank 4
Ocfflar 2012, Hank 3
Ocinhar 2012, Want: 2
Ocllobor 2012, Wool: 1
September 2012-. Weak 5

bar 2012, Walk 4
Soflarnbar 2012, Wllk 3
-5_a|:t|r|‘II:l_ar'20_12,V'loIlI:2
Scpbamhar 2912. Wonk 1
August 2012. Woaikl.
August‘-2012. Weak 4
Auauat 2012. Weak 3
August 2012, ‘Hank 2
August 2012, WIIK1
_-July 2_'01Z..WI.o.k 5
.-l‘ul'y 20‘l2,__Wajak 4
July 2912, llllaal: 3
July 2D12,_Waak 2
J Illy 2912, Waok 1
JHMZO1 2; W.o'I'|tT 5
Juna 2012. Weak -I
Juno 21112, Wank 3
J.unO-1012; Wa'a‘kI2
June 2012, weak 1
May 201 2, Wank 5
May 2012. Wick 4
May 2012, W|’o_|_c 3
May 2llI2..W'aTok'2
May 2012. Week 1
AprlI2012, wank:
April 2012-. Waok 4
April 2012, Wank!"
Aprl|.2lI12. Wick}
April 2012. week 1 _
Hlrch 2012. Week 5'
March 2012. Week 4'
March 2012. Wank 3,
flarc'h~ 2012-, Wool: 2
llurch 2012. _V__VeeI_l: 1
FahrI.llry' 2012, WOIK 5
February 2012, weak 4
Fahruary 2012‘. Wick 3
February 2012, Wank 2
Fahluary 2012, Weak 1
.Lanua'ry 21:12. lllluls 5_
January 2012. weak 4
.I_a'nua'ry 201-2. would
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.lInua'r'y' _201_2.WoIk 2'

.1-;.u.u-ry 2'0'I2.Wo_oI:1
Docurnlnr 2011. W_0a'Ig1 5
Docnmhor-2011. Walk 4
D0oorn'bIr=2011. Wait 3
Dgoambnr 2011, ‘(look 2
DI'O'l_|'l.1|_II_r 201-I. Woak 1
l'l0v0n1Iaor2011. Week 5
IluvIrnhar'2011._WoIk -1
Nuvambir 2011. weak 3
Huvan1h,ar.201-1. Walk 2
Il1wun1b0r201'1. Week 1
October 2011, Weeks’
O_c00b_0_r z'011.1_Mo.ak 4
October 2011, Week 3
October 201'1.Wook 2
Ocinbbr 2011. Wonk 1
Soplombur 2011. Wonk 5
September 2011. W001: 4-
S_optIl'nbar'2011. Walk 3
sopurnbor 2011, would
8Iptnm|_:11Ir2_011,WoIk 1
August 2011, Wonk 5
Augus1_z0_'11'. ‘WIIII1-4
August 2011, Wool: 3
August-2011.WIiIk 2
Auaust.201-I, Wuk 1
July 2011, Wale 5
_.IuIy 2011, w-.-11.4
J_u1y z011,_woo_k 3
July 2011. WIIOIK-2
July 2011. Wooki
Juno 20.11.W00k5
Juno 20!11,’a_1l'oIk'4
Jun: 2011, Wank 3

_-{uni _101fl..W°Ik 2
June 2_G1'1_yWBIk 1
may 2011. Week 5
May 2011, Walk!
my 2011, week 3
My 2011. WI'_I_k .2-
May 2011, wulc-1
AprIl2_011. Wicks
AprII.201'1. Week 4
Apnll-2011-. WIOK 3
April 201 1-, -'ll|ok'-2-
Aprll2lI11. WIGK -‘|.

March 2011. W0_|I_1:_5'
Mlrcéh 2011. Week 4-
March2011. Week 3
March-101 1, Week 2
March 2011 . Week 1
Fahruary 2011. Won]: 4
Fnhruary-2011. ‘We'll: 3
FIbrI‘.IIry'2011,V\bIk2
Fqbruary Z_0'1"| . Wo_0'k 1
January 2011.‘Weok 5'
JInuI1y2011.Woal: 4
January 20‘_i1.Wook3
._JanuI_ry1011.V_h'o0I1_2’
January 201"l,Weok 1
Dcoinilinr 2010. W0-0|: 5
D0e0m|a0r201.0..W0'Ik -I
Duc0rn'I:0r2010. Walls 3
Duoorrylnr 2010. Week 2
_DII:In1I:‘ur20'10.‘|_Vo'Ik 1
HuvamIaar201.0. Week 5
Hmmmhor-20-10. Wnk 4

ZTE/HTC

Exhibit 1015-0013



ZTE/HTC 
Exhibit 1015-0014

1414

November 2010. Week"!
Hevemblir 201 .O,.W°€Ik -2
November 2010. Week 1
Dcfliher 2010, Week '5
October 2010,’ Week .4
October 2010. Neck 3

201.0. 2
October 2010, Week 1
September 201 0. Week 5
Sebternber 2010, Week 4
5e|le'ml:er 201 0. Week 3
Septelnber 201 0, Week!
September 2010. Week‘!
August "2010. Week 5."
AUBUOK 201 0, Week 4
August 201 0, Week 3
August-201 0. Week 2
August 2.010: Week 1
July 2010. Wejelt '4
July 2010. Week 3
J my 291 0. Week 2
July 2010, Week 1
June 201lJ,Week 5
J.lIl_II "101 0, W:e_l_l_I 4
June 2010, Week 3
June 2010, Week 2
June 2010. Week 1
June 10-‘! II
Hey 2010, Week 4
may zo1o,_woo_k 3
Hay 2010. Wefelr-2
Hey 2010. Week 1
April 2.010. Week '4_
April 2010. Week“;
Aprll 2011:. Week!
April 201 0_. Week 1
March" 201 0

February 2010, Week!
February 2010, Week‘!
February 2010. Week 2
Fubrugary 2.010.; Week 1
January 2010. Week 4-
J1nuery 2010, Well; 3
Jlnuery 2010. Week 2
January 2010, Week 1
December "2009
Nmneniher 2009, Well; ll
NoverrlIIeI"2009, Week 3
November 2009. ‘Week 2
November 2009. Week 1
October 20.00, WeekI
October 2009. Week 3
-Dubber 2009. WILIII: 2

2069. Week.i
Sepbember 2009
Aufllast 2000. week II-
Auguet 2009. Week 3
Auyuet 20,09‘, Week 2
August 20-03;. Week 1
July 2009 _
June 2009, Week 4
June zajoe, mix:
J uee 2009. Week-2
June 2009, Week 1
May 2009, V_U'ee_l(_4
Hey Z009. We'e_lr__3
May 2009. Week '2
Iley 2009, Week 1
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APl'iI.20'0.9'. WIQR 4
APPII 200$. Wick"!
Agrll 2009. Week!
April :."0,09."I‘\."'I.I'_k 1
Hitch 2000. WOIK 4
Ilnrch 2009. Week 3

I,|_I.l".c|'I 2.909.. W§Bk'2_
March 2000. Week 1
Fabruary 2009. Wink 4
Fabruiry 2009. weak 1
Fabruaw 2009. ‘Neal: -2
Fabruary 2000. ‘Neck 1
Jnnmry 2009. Weak 4-
January 1009'. Week 3
J-Inulry 2000. Wool: 2'
Jlnuury 2000, ‘Wonk 1
Beamliar 2003
November 2000. Wuk -I
I'l¢V'O.l'I'[hIIr 2008. 'W_0:!lt -.3
Novlrnblr 2000_.'WI-bk 2
Hmqmhr 2000. Week 1
Ochghor 2000
5I|fl_Il'll bar'2.0fl8, Wank 4
3'|pft_Im_I:_n'r 2000. Walk 3
Soptimbar 2000. Wonk 2
Sjflombbr 200Zl._WcIk 1
August 2008. Wuk 4
Auuuot‘2000. Wall: 3
August-2000, WIIK 2
August 2000. wopk 1
July 2008 _ _
June. 2000. weak 4
J um -20.08. Week 3.
J urn 2000'. Wuk-2
Jun: 2000. Walk 1
Ml'y'2:008'. «I
Hay 2000'. Wniakl.
my 290:, week 2
May 2008, Wonk-1'
April 2008. Wick 4
APrll_200.8. Wupk '3
April 2000. Walk 2-
April gong. week 1
MIrc‘h' 2000. Wink"-4
Harsh 20.00. [|!_oak'3=
Mlrbjll 200.8, Wllk 2
March 2005. Wonk 1
Eu bruary 2008. W:-o__I( 4
Fuhruary 20.00. ‘Neck 3
Fabruary 2000. weak 2
February 2008, Walk 1
January 200B._W9ak 4
J": I"l|'.|‘Il_'y';oo3__. Wank 3
January 2003. Wool: 2
J:nm'ry- 2003. We'll: 1
Ddoombnr-Z001
Hovomlaor 2001. Wnk -4
Hwomhnr 200-'I.'Wnk-3
Novurnlabr 20.01. Weak 2
_NOVIll'l_IlB_f_ 3007. Week 1
Qcfinbor 200?, Weak.-0
Ocmbor 2001, men
October 2007. Wonk 2
Ocfiubor 2007, Wonk 1
septumbar 2007
August 2007. Wukl-
August 2001. ‘Monk 3
August 2007. Walk 2

ZTE/HTC

Exhibit 1015-0015



ZTE/HTC 
Exhibit 1015-0016

1616

M0089 2001. Wuk 1
Jul’! 20.07
June 2007, Wank 4
Junl 2007, Walk-3
Jl.ll'lI 2007, Won It-2
June. 2007. Neal: 1

flay 2001'. Wlleflk 4
may 2007, would
May 2007. Week 2
May -2001’, Week 1
Apr|l1_00T:. Week 4
April 2001. week 3
Aprll 2001'. Waek 2
April 20.01. Wnfik 1
Illrch 200-'f_. weak 4
March 2001'. Week 3
lhrch 2007. Wank 2'
Hitch 2007. Week 1

Fe_h_ruary_'20_0T. W.lI_lt 4
February 2007. weak 3
Fubruary 2007. “link 2
Fubruary 200?, ‘Wonk 1
.1:many 2007, Wall: 4
January 200?, ‘wool: 3
January 2007. Week:
J_a n_IL:|_ry-2007, Week 1
Dumrnhor 2006
Nuvnmhqr 2003.-Wool:-4
lilavunihur 2000. Wonk 3
Novumhpr 20,06. Wall: 2

Hhvumhqr @006. Wouk 1
October 2006, Week 4
October 2003. W901: 3
Ocubur 2008. Week 2'
Ontnhnr 2000, wax-1
Sblihmher 2000.
A_"llL’Iat. 2'0,4‘I__B, ‘fink 4
August 2003,. Wu|_:.3
Auuustr2003.'Wuk 2
August 2008, Walk 1
.-I llly 2000
J uril 2000

May 2008, Wqqk-4
May 2006; Wick-.3
flay zum, w_o'ok.z
Mly 20.00, WIok'1
Aprll 2006

March zon§,.wu|_:_ 4
March 2006. Weak-3
March zoflfilweek 27
Ilnrch 1000. Week 1
Fa bn1_a_ry 2000. Wink -1
Fahruary 2000. Win]: 3
Fabruary-20.00. Wail: 2
Fa 2006, ‘Monk 1
Jinuary 20.00
Dooomhor 2005
Huyomhnr 2005
October 2005, Wonk 4
.°=i°b°.f 3395: WIN‘ 3.-
Qcfinbor 2005, Week!
Ocmbor 2005-, Waak:1
Soptornbar 2005
August 2005, weak 4
August 2005, Walk 3
August 2005. ‘Hank 2
August 2005. Wonk 1
July-2005
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J um‘ 2005
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April 2005'
March 2005
F0bruary 20 05.
Junulry 1005
0uo'g.m.I.:o_r 2004
Nuvombor 2004
-Ocinbar -2004
Septumbar 2004
August 20.04
July 20.04
Juno" 1004
P0302004
AprlI.2004
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Flhruary 2004
JInuary 2004
Dofilrlthofr 2003
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Octnbor 2003
septumbur 2.0.03
August 2003
July 2003
J am 1003
IN 390.3
April 20.03
March 2003.
Fchrulry 2003
Jarjuary 2003
Do_oo'm_l_nr 2002November 2002

Octobor 2002
-septumbgr 2002.
August 2002
.J my 2002'
J'uno‘2'002'
May 2002
Aprll 2.002-
Mlfch 2002

Fubrugqri 2.002
January 2002
December 2001
Nainmbnr 2001
October 2001

50|:IhI'nh|r»200‘I
August 21: n1 '
-.1|I|v— 2.°‘!". .Jun: 2001

May 2001
April 2001
March 1001

Fabruai-y_ 2001
January 2001
Daoamlnr 2000
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A;p‘r|I 2000
March 2.000
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J.ITIua'ry 2000 _
Dacacmlaar ‘I000
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Nunn1hnr1!9!.'Wu'nk 3
IlaumhIr1'99!'.Wuk2

Huvunhpr1I09.’Ilnlr1
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Sopbmbor 1000
AI.uIM19I:U
J_Ily1II9
Jun 19!!

Hay 1§B9
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flIn:II1I99

Flhrunry 195!
January 1890 _
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R1 -060792TSG-RAN WG1 Meetin his

Athens, Greece,

Source: Panasonic

Title: Random access burst evaluation in E-UTRA uplink
Agenda Item: 10.2.3
Document fOl'l Dl50l.l5Sl0f'|

1. Introduction

Random access burst is used for the initial physical connection on initial cell access, handover and the resource
allocation when the UE uplink has not been time synchronized. Several discussions on random access burst to
achieve short initial physical connection setup have also been reported in [4] - [7] . Random access burst sub-
Frame may be composed of a preambte part and a message part. We evaluate the preamble performance. Based
on the evaluation results. we discuss the inclusion of message part on random access burst.

2. Discussion

2.1. Random access burst requirements
In random access burst structure design, the following requirements have been considered [1] [3] - [I0] .

I Reliable acquisition ofpreamble

I Estimation of arrival timing

- Reduction in the whole process delay

- To minimize the usage of time—frequency resources regarding spectrum efiiciency

The most important requirement ofthe above is reliable acquisition and estimation of arrival timing because the
success rate of random access burst attempt should be high enough. The inclusion of message part on random
access burst has been considered to shorten physical connection setup delay [4] - [7] .

2.2. Discussion on preamble length
In TR [2] . E-UTRA is required to support at least 30km cell size. Therefore. we showed the link budget and
achievable number of bits per TTl (0.5ms) to estimate how many bits can be contained on random access burst
in [[0] . The result would be useful in the case coverage is critical although the result is still preliminarily. On
the other hand, we also need the discussion in the case that interference is critical. Ref. [6] reports that
approximately -I3 dB and -18 dB ofthe average received EsfNo were derived from the system level evaluation.
As mentioned above, the most imponant random access burst functions are reliable acquisition and estimation of
arrival timing. For these reasons, first, we evaluate the required preamble length that corresponds to the required
average received Es/No. Next we discuss the possibility of the inclusion of message part.

in the preamble evaluation. we assume the followings:

a Random access burst TTI is a multiple of 0.5msec. Preamble. guard time and possibly message part
share a random access burst TTI

I Random access burst is tirneffrequency multiplexed with other channels [3] [4] .

-1/7-
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Prea mble structure

A preamble sequence should have a good auto-correlation and good-cross correlation. General chirp-like {GCL]
sequence has been considered to satisfy these requirements [5] [S] [9] . In our preamble performance evaluation,
Zadoff-Chu CAZAC sequence [[3] , a special case ofGCL sequence, is used. RACH preamble structure is
shown in Figure I.

We evaluated l.25MHz and 5MHz as transmission bandwidth of the random access burst.-

M Reetition M=3 200u I? 467us l'14 933us I28 1867us

CAZAC sequence
N=m1 25MHZ)‘ N=2Q3{5MHZ) CAZAC sequence CAZAC sequence

BB sample 512 samples (EEVETUS) remaining sa le

Random access burst TTI length = 0.5 I 1.0! 2.0 ms

Figure I — preamble structure

Performance of preamble

The simulation parameters are shown in Table 1. As preamble perfomtance evaluation criteria, we used false
alarm and miss detection probability to the average received Esme. The definition is as follows:

a False alarm (Pfa): the probability of a particular code being detected when nothing. or different code was
transmitted

Miss detection (Pmd): the probability of a particular code not being detected when the code was
transmitted

Although time domain preamble detection would also possible, in our evaluation, the RACH preamble detection
is performed in frequency domain. which is similar to the detection algorithm described in [S] .

1. Repeated CAZAC sequences ofthe received signal are combined in time domain.
2. The combined CAZAC sequence is processed by FFT.
3. A transmitted CAZAC code is detected by using coherent detection in frequency domain.
4. A delay profile response is obtained after IDFT processing.

Table I — Simulation parameters

Transmission Bandwidth l .25MHz
Localized FDMA

RACH TTI length 0.5 rnsf l.0ms / 2.0ms

CAZAC sequence (Zadoff-Chu CAZAC[l 3] )
Length 01°C/’~ZAC Sequence (N)

3 (total preamble length: 200usec)
7 (total preamble length: 467usec)

Repetition factor (M) of 14 (total preamble length: 933usec)
CAZAC sequence 28 (total preamble length: l867usec)

Coherent detection in freq uency-domain
Preamble detection in time-domain (after IDFT)

channel model
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Figure 2 and Figure 3 illustrate the miss detection probability (Pmd) to the average received EsfNo of l.25MHz
and 5MHz bandwidth to achieve the false alarm Pfa = l0"l under AWGN channel and TU l20knu’h, respectively.

10” . ,Bandwidth. 5MHz
Channel: AWGN

3 repetition (2Cll.lLlSl
7 rep-eution(467usl
I4 repetilion[933us}
28 repetititsnt l86'Jusl

Bandwidth: l.25MHz
Channel: AWGN
——-l—— 3 repetitinntlfluusl
--A-- Frepetitiont-16‘lus)
--fi-- l4 repelilion(933Lis}
-—-A—— 28 repetitiontlsmuslMissdetectionprobability(Pmd)

._- 3.
Ja-

-35 -30 -25 -20 -l 5 -5

Average received EsfNo [dB]

Figure 2 Miss detection probabilit)'(Pn1d) to the average received Es/No (AWGN}
0

10 ‘ =l‘= I‘ = ‘ ‘f =_‘ = 3 Bandwidth:5MHz
Fasfifiarmlf f‘; l * Channel: TU ]20km/h
‘ ' ‘ ' —I— Srcpclitiontltlous}

—I— ‘fret!-e1ition(4t':7us}
—I— |4repe1i[ion[933us}
—D— 23 repclition(lSt‘i7us)

Bandwidth: 125MHz
Channel: TU l20kmfh
--A-- 3 rcpelilinntlllous}
--I-- 7 repelilion:46'.-'us}
--I-- 14 repelilion{933us}
--A-- 28 rep-:liliorI(I867u5)

G
EQ.\-—i

.33
Eas
..I::
EQ.
C
O
'50an0-4
tn

‘'0
U]

. 52
E

-25. Q20“ -15 I I -10. -5
Average received ES/N0 [dB]

Figure 3 Miss detection probability (Pmd) to the verage received Esr’No (TU lzflkmlh}

Target value ofthe false alarm is S l()'3 and the target value ofrniss detection is S 10': and 10"‘ in WCDMA [I I] .
We think similar target also would be required in LTE. Therefore, ifwe use the same target values from the
above results, we can derive the required preamble length to fulfill the average received EsfNo. The required
preamble length in 1.25MHz bandwidth is illustrated in Figure 4 to the average received EsfNo to achieve Pmd 2

I04 and Pmd 5 10': with false alarm Pfa = 10"]. Figure 5 shows the case of SMHZ bandwidth.
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Bandwidth: l.25Mllz

—o— Pmd=l0"‘(AWGN)
—o— Pm:I=10'3(AwGN)

—-+—- Pmd=10"(Tui2-uknvh)
——+—— l’md=l0’3(TUl20kmlh)

Requiredpreamblelength[ms] 3 U- 

 
‘1125 I-20‘ -25 140' -5 '0

Average received F.sfNo [dB]

Figure 4 Preamble length to ESINO of false alarm probability = I0“ (1.25MHz)

Bandwidth: 5MHz

—o— Pmd:10'3 (AWGN]
’ —o— 1=md=i0'1(AwGN)

——-o-—- Pmd=I[}':'(Tl,l|20krn.lh)
—-+-- Pmd=l0'3(TU|20km.lh)

Requiredpreamblelength[ms] 3 (II

0130 -25 -20 -I 5 -l0 -5
Average received EsfNo [dB]

Figure 5 Preamble length to Es/No of false alarm probability = ID“ (SMHZ)

According to [6] , approximately -13 dB and -18 dB ufthe average received EsfNo were derived from the system
level evaluation for the ]SD 500m and l'?32m, respectively, when using open-loop TPC‘ and SMHZ transmission
bandwidth. Table 2 shows preamble length required for -l3dB and -l 8dB of Es/‘No under AWGN and
TUl20km/h.

Table 2 Required preamble length to the average received EsINo (SM Hz bandwidth}

 
-13 dB (ISD=500m) l-repetition 2-repetition 5-repetition 7-repetition

(67 usec) (I33 usec) (333 usec) (467 usec)
-I 8 dB (ISD=l732rn) 3-repetition 4-repetition l4-repetition 28-repetition

(200 usec) (267 usec) (933 usec) (I867 usec)
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In this evaluation. only one preamble is transmitted. If multiple preambles are transmitted and multiple
preambles are also received at the same time, additional preamble length would be required due to multiple
access interference [MAI].

2.3. Random access procedure

For non—synchronized random access procedure, we introduced the four methods in the Denver meeting [10] .
We extended the discussion to following five methods. In the figure "preamble" couid be randomly chosen
signature sequence

UE Node B

Random access burst
(preamble + msnurce re ucst + Data)

Random access burst Node B
(rcamblc + resource re ucst]

UL resource allocation

SUCH (lit. data}

Node BRandom access burst
( reamble + resource re uest]

UL resource allocation for resource re uest

SDCH (full resource rt: ucst]
U]. resource allocation

SDCE l(U]. data)

Method D

Random access burst Node B
( rcamblc]

UL resource allocation

SDCII (i'ult resource re ucst + lJl. data )

Random access burst Node B
( reamhle]

UL resource allocation for resource re uest

SDCII ( full rcsourcc re ucst)
UL resource allocation

SDCI |tUl. datal

Method F.

Figure 6 Initial resource allocation sequence

- Method A

The random access burst contains preamble, resource request and data. The delay for data transmission
could be shortest.

- Method B

The random access burst contains preamble and resource request. The resource request could tell the amount
of UE buffer and/or transmitter status. We assume only one or a few bits for this. The allocated amount of‘
UL resource could be based on this resource request. The actual data is transmitted after one round trip time
{RTT).

- Method C

The random access burst contains preamble only. The allocated amount of U L resource could be based
without UE buffer and/or transmitter status. Tltercfote, the uplink resource allocation is not so accurate and
could be waste of time-frequency resource in the uplink. The actual data is transmitted after one RTT.

- Method D
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The random access burst contain preamble and resource request. The allocated amount of UL resource in the
first SDCH would be relatively small because only a few information bits are obtained at Node B. The next
SDCH contains UL data. The actual data is transmitted after two RTT.

- Method E

The random access burst contain preamble and resource request. The allocated amount of UL resource in the
first SDCH is small because only resource request is transmitted. The next SDCH contains UL data. The
actual data is transmitted after two RTT. Although the delay of SDCH transmission, the benefit ofthis
scheme would be a appropriate amount of time-frequency resource to the second SDCH is based on more
detailed infomtation of resource request in the first SDCH. Therefore. accurate resource allocation is
possible.

Method A requires different design of random access burst from the others. From the discussion of the previous
sections. it would be difficult to inctude a large number of control information bits in a random access burst.
Method B, C, D and E are almost similar on the design of random access burst.

We prefer method B/D than method C/E, because to include a few bits ofthe control information is beneficial in
order to shorten the delay. The difference of B/D and (‘IE is whether to have a few bits on UE resource status
(buffer andfor transmission status]. On the actual resource status signaling method. there are two approaches.
One is short message part is included as shown in Figure 7(a). The other is preamble pattern itselfis chosen from
the large number of preamble set shown in Figure T(b). The choice ofpreamble pattern itselfindicates the
signaling.

Random access burst

Preamble part Message partsinature resource re uest

(a) two parts structure

Preamble partsinature inctudin resource re uest

(b) one part structure

Figure 7 Inclusion of short message in random access burst

We don't see so much difference between B and D. The difference between B and D is the amount of uplink
resource allocation in the first SDCH. Depending on cell level traffic situation, the scheduler could control the
amount ofallocation in the first SDCH. ln method B, not only cell level traffic situation, but also the scheduler
can control the amount of‘ uplinl-t resource based on the resource request from each UE. If UL resource allocation
is relatively large, method [3 is applied. lf UL resource allocation is relatively small, method D is applied. We
think this handling of procedure looks useful approach because this enables trade off between delay and
efficiency.

As a conclusion, we propose to take method BID. The difference ofB and D can be considered as the difference
of the scheduler operation.

3. Conclusion

In this contribution, we evaluated the preamble performance. Based on the evaluation results, we discussed the
inclusion of message part on RACH. Our current View is that it would be difficult to include a large massage part
in RACI-l due to the limitations imposed by the link budget and preamble perfonnance. However. we think that
the inclusion of a few number of control infonnation bits on random access burst is still beneficial from process
delay point of view. A small size of message part may be included depending on target Es/No.



ZTE/HTC 
Exhibit 1015-0026

26

References

[I] TR 25.814 \/1.0.2. “Physical layer aspects for evolved UTRA”

[2] TR25.913 V2.01}, “Requirements for Evolved UTRA and UTRAN"

[3] R1-051445, Ericsson, “E—UTRA Random Access"

[4] R1-051391. NTT DoCoMo. “Random Access Transmission for Scalable Multiple Banclwidths in Evolved
UTRA Uplink”

[S] R1-060025, Motorola. “RACH Design for EUTRA"

[6] R1-060047, NTT DoCoMo, NEC, Sharp, “Random Access Transmission in E-UTRA Uplink”

[7] R1-(160181, Qualcomm, “Characteristics of UL Access Channel“

[8] R1-060152,Norte1. "Consideration on UL RACH scheme for LTE“

[9] R1-060226, Huawei. “EUTRA RACH preambles"

[ID] RI-060699, Panasonic, “Inclusion of additional data on RACH"

[I1] R1-060061, “LTE L1 related questions to RAN I"

[12] TR25. I04 V6.1 1.0, “Base Station (BS) radio transmission and reception (FDD) (Release 6)"

[I3] D. C. Chu, “Ployphase codes with good periodic correlation properties," IEEE Trans. lnfomiation Theory,
VOL] 8, pp531-532. July 1972.

-7/7-

ZTE/HTC

Exhibit 1015-0026
26



ZTE/HTC 
Exhibit 1015-0027

27

ZTE/HTC

Exhibit 1015-0027

27



ZTE/HTC 
Exhibit 1015-0028

28

WwW.3gpp.0rg -

/ftp/tsg_ran/WG1_RL1/TSGR1_44bisfD0cs/
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3/21/2886
3/21/2886
3/21/2886
3/21/2886
3/23/2886
3/21/2886
3/21/2886
3/21/2886
3/21/2886
3/21/2886
3/21/2886
3/21/2886
3/21/2886
3/21/2886
3/21/2886
3/21/2886

‘\l‘\J-P-F‘-l\Jl\J|fi|Hl\Jl\J
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:16
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:14
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:15
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AM
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PM
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AM
AM
AM
AM

8661
9286

151547
286781

86378
39374

188915
15515

382471
116358
78959

139215
49871

798288
115984
258886
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186183
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39816

173397
15195
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124598
17727
35394
14347
65693
99238
26278
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186151
15982
33858

112174
47163
45678

228329
128955
114425
34673
37433
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84282
69392
22247
22748
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77596

R1—868765.ZiQ
R1-868766.219
R1-868767.zig
R1-868768.Zip
R1-868769.219
R1-868778.219
R1-868771.219
R1—868772.ZiQ
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R1-868774.219
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R1—868778.Zip
R1-868779.219
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R1-868781.219
R1-868782.219
R1-868783.219
R1-868784.219
R1-868785.ZiQ
R1-868786.219
R1-868787.219
R1-868788.219
R1-868789.219
R1-868798.219
R1-868792.ziQ
R1-868793.219
R1-868794.ZiQ
R1-868795.219
R1-868796.219
R1-868797.ZiQ
R1-868798.219
R1—868799.zig
R1-868888.219
R1-868881.219
R1-868882.ziQ
R1-868883.219
R1-868385.219
R1-868886.Zip
R1-868887 .ZiQ
R1-868888.219
R1—868B89.zig
R1-868818.219
R1-868811.219
R1—868812.zig
R1-868813.2ig
R1—868314.zig
R1-868815.219
R1-868816.ziQ
R1-868817.219
R1—868B18.zig
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122254 R1-060819.219
151578 R1-060820.219
86292 R1-060821.219
62046 R1-060822.219

726137 R1-060823.219
110468 R1-060824.219
124969 R1-060825.219

15229 R1-060828.219
569566 R1-060829.219
166450 R1-060830.219
42405 R1-060831.219
72632 R1-060832.219

200304 R1-060833.219
178144 R1-060834.ZiQ
290232 R1-060835.219
41595 R1-060836.ziQ
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457697 R1-060841.ziQ
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137608 R1-060850.219
370347 R1-060851.ziQ

64835 R1-060852.219
165275 R1-060853.ziQ

1573655 R1-060854.219
23780 R1-060855.219

932396 R1-060856.219
658010 R1-060857.219

34882 R1-060858.219
189090 R1-060859.219

57923 R1-060860.219
280398 R1-060861.219
224934 R1-060862.219
249794 R1-060863.ZiQ

84335 R1-060864.219
24276 R1-060365.219

529450 R1-060866.219
75650 R1-060867.219

273669 R1-060868.219
138146 R1-060869.2iQ

88155 R1-060870.219
186080 R1-060871.219

84885 R1-060872.219
21372 R1-060873.219

1072993 R1-060874.219
35595 R1-060875.219

104382 R1-060876.219
187421 R1-060877.ZiQ
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1. Introduction

Random access burst is used for the initial physical connection on initial cell access, handover and the resource
allocation when the UE uplink has not been time synchronized. Several discussions on random access burst to
achieve short initial physical connection setup have also been reported in [4] - [7] . Random access burst sub-
frame may be composed of a preamble part and a message part. We evaluate the preamble performance. Based
on the evaluation results. we discuss the inclusion of message part on random access burst.

2. Discussion

2.1. Random access burst requirements
in random access burst structure design. the following requirements have been considered [1] [3] - [10] .

0 Reliable acquisition of preamble

I Estimation of arrival timing

0 Reduction in the whole process delay

0 To minimize the usage oftime-frequency resources regarding spectrum efficiency

The most important requirement of the above is reliable acquisition and estimation of arrival timing because the
success rate of random access burst attempt should be high enough. The inclusion of message part on random
access burst has been considered to shorten physical connection setup delay [4] - [7] .

2.2. Discussion on preamble length
In TR [2] . E-UTRA is required to support at least 30km cell size. Therefore. we showed the link budget and
achievable number of bits per TTI (0.5ms} to estimate how many bits can be contained on random access burst
in [[0] . The result would be useful in the case coverage is critical although the result is still preliminarily. On
the other hand, we also need the discussion in the case that interference is critical. Ref. [6] reports that
approximately -I 3 dB and -18 dB of the average received EsfNo were derived from the system level evaluation.
As mentioned above. the most important random access burst functions are reliable acquisition and estimation of
arrival timing. For these reasons. first. we evaluate the required preamble length that corresponds to the required
average received EsfNo. Next we discuss the possibility of the inclusion of message part.

In the preamble evaluation. we assume the followings:

t Random access burst TTI is a multiple of {J.5msec. Preamble. guard time and possibly message part
share a random access burst TTI

- Random access burst is time/frequency multiplexed with other channels [3] [4] .

-1r7-
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Preamble structure

A preamble sequence should have a good auto-correlation and good-cross correlation. General chirp-like (GCL)
sequence has been considered to satisfy these requirements [5] [8] [9] . in our preamble performance evaluation,
Zadoff-Chu CAZAC sequence [133 ,a special case ufGCL sequence, is used. RACH preamble structure is
shown in Figure I.

We evaluated l.25MHz and 5MHz as transmission bandwidth ofthe random access burst.-

CAZAC sequence
N=T3(1.25MHz). N=293{5MHz) CAZAC S°q"'°"°°

28 sample 512 samples (66.61-'LIs) remaining sa le

Random access burst 1TI length = O.5!1.Cl l2.D ms

Figure l — preamble structure

Performance of preamble

The simulation parameters are shown in Table I. As preamble perfonnance evaluation criteria, we used false
alarm and miss detection probability to the average received EsfNo. The definition is as follows:

0 False alarm (Pfa): the probability of a particular code being detected when nothing, or different code was
transmitted

Miss detection (Pmd): the probability of a particular code not being detected when the code was
transmitted

Although time domain preamble detection would also possible. in our evaluation, the RACH preamble detection
is performed in frequency domain, which is similar to the detection algorithm described in [8] .

I. Repeated CAZAC sequences ofthe received signal are combined in time domain.
2. The combined CAZAC sequence is processed by FFT.
3. A transmitted CAZAC code is detected by using coherent detection in frequency domain.
4. A delay profile response is obtained afier IDFT processing.

Table 1 — Simulation parameters

Transmission Bandwidth

Signature pattern
Length of'CAZAC sequence (N)

3 (total preamble length: 20Uusec)
7 (total preamble length: 467usec)

Repetition factor (M) of I4 (total preamble length: 933usec)
CAZAC sequence 28 (total preamble length: l867usec)
Number of multiplexed users
Antenna configuration l transmit antenna, 2 receive antenna [combined non-coherently)

Coherent detection in frequency-domain
Preamble detection in time-domain (after IDFT)
AWGN

TypicalUrban model. I20]-cm/11



ZTE/HTC 
Exhibit 1015-0037

37

Figure 2 and Figure 3 illustrate the miss detection probability (Find) to the average received Es/No of l.25MHz
and SMHZ bandwidth to achieve the false alarm Pfa = I0") under AWGN channel and TU l20kmfh. respectively.

0

10 IF I - -I - Pf i= ]=0__, Bandwidth:SMHz
, 3 5‘? ff‘ 35”‘ . _a ‘. . ; Channel: AWGN

= i - i 3 repetition {200u5)
‘I repetition {4t':7'us)
I4 repetition t933us]
28 repeliliont i867us)3.

Bandwidth: l.25MHz
Channel: AWGN
--L-- 3 repetition(200us]
——A-- Trepetitinnflfiiusl
——A-- l4repetitionl933us]
--A-- 28 rep-eiilion(l867I.|s]Missdetectionprobability(Pmd) SS

E
:2

-35 -30 Z -5
Average received Es/No [dB]

Figure 2 Miss detection probability (Pmd) to the average received Es/No (AWGN)

10° . _Bandwidth. SMHZ
Channel: TU l20km!h
—I— 3 repetilmn{2Ul}us)
—I— 7 repstillontslmus)
—I— I4-Ii:p€lil1'(i!!(933l|$)
—O-— 28 repetition{!8(37u5)10"

Bandwidth: l.25MH2
Channel: TU l20km/h
--I|-- 3n:p-etitionI(2U01.Ls]
--A-- '.r'rcpcti1iun(46?us]
--‘--- I-‘lrep-e1itinn[933us]
—-A-— 2Brepetition(l86?I.Ls]

I"\
‘U
5CL.._.
>~.fi

5(U
.r:»
:9Q.
C
.9
EU..
C)
-0ED
.9

-IS -I 0

Average received EsfNo [dB]

Figure 3 Miss detection probability (Pmd) to the average received Es/Ne (TU I20km/h)

Target value ofthe false alarm is <_1 HT“ and the target value of miss detection is 3 I0": and l0'3 in WCDMA [l l] .
We think similar target also would be required in LTE. Therefore. if we use the same target values from the
above results, we can derive the required preamble length to fulfill the average received E5fN0. The required
preamble length in l.25MH2 bandwidth is illustrated in Figure 4 to the average received EsfNo to achieve Pmd 5

l0'3 and Find 5 [U2 with false alann Pfa = lD'3. Figure 5 shows the case of 5MHz bandwidth.
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Bandwidth: l.25MH2
—o— Pmd:I0'~‘(AwGN)
—o— Pmd=I0'-‘(AwGN)

--+-- 1=md=I0'-‘ rruazoknvh)
— — -|-- - l’md= I 0'3 (TU I 20kmJh)

Requiredpreamblelength[ms]
‘-20 -15' -10 I-5'

Average received Es»’No [dB]

Figure 4 Preamble length in ESINIJ of false alarm probability = 10-3 (l.25M Hz)
Bandwidth: 5MHz

—o— Pmd=10'*:AwGN;
—o— Pmd=1O'3[AWGN]

——+—— Pmd=10'-‘irulzokmrm
——4>—— l’1nd=l0'3 ('['Ul2[}krm'h]

T
EH
.:
Eh:
E
2..n
EE
E1‘D.

we

.2:Ie-U.)
Cd

‘-20- -I5 I A -5
Average received Es/N0 [dB]

Figure 5 Preamble length to EsfNo of false alarm probability = 104 (5MHz)

According to [6] , approximately -13 dB and -18 dB of the average received EsfN0 were derived from the system
level evaluation for the ISD 500111 and 1?-'32m, respectively, when using open-loop TPC and SMHZ transmission
bandwidth. Table 2 shows preamble length required for -I3dB and -l8dB of EsfNo under AWGN and
TU l20l<mfh.

Table 2 Required preamble length to the average received EslNo (5MHz bandwidth)

(67 usec) (133 usec) (333 usec) (467 usec)

(200 usec) (267 usec) (933 usec) (1867 usec)
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In this evaluation, only one preamble is transmitted. If multiple preambles are transmitted and multiple
preambles are also received at the same time, additional preamble length would be required due to multiple
access interference (MAI).

2.3. Random access procedure
For non-synchronized random access procedure. we introduced the four methods in the Denver meeting [10] .
We extended the discussion to following live methods. In the figure "preamble" could be randomly chosen
signature sequence

UE Node B

Random access burst
( reamble + resource re uest + Data)

Random access burst Node B Random access burst Node B
(rearnble + resource re ucst) (rcamble]

UL resource allocation UL resource allocation

SDCII (ill. data] SDCH (full resource r uest + l.l[_ data)

Random access burst Node B Random access burst Nude B
[reamble + resource re uest) treamblel

SDCH [I‘ul| resource reuest) SDC]-I (Full resource re uest)UL resource allocation for resource request

Method E‘.

Figure 6 Initial resource allocation sequence

- Method A

The random access burst contains preamble. resource request and data. The delay for data transmission
could be shortest.

- Method B

The random access burst contains preamble and resource request. The resource request could tell the amount
of UE buffer andfor transmitter status. We assume only one or a few bits for this. The allocated amount of
UL resource could be based on this resource request. The actual data is transmitted after one round trip ti me
{RTT).

- Method C

The random access burst contains preamble only. The allocated amount of UL resource could be based
without UE buffer andfor transmitter status. Therefore. the uplink resource allocation is not so accurate and
could be waste oftime-frequency resource in the uplink. The actual data is transmitted after one RTT.

- Method D
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The random access burst contain preamble and resource request. The allocated amount of UL resource in the
first SDCH would be relatively small because only a few information bits are obtained at Node B. The next
SDCH contains UL data. The actual data is transmitted after two RTT.

— Method E

The random access burst contain preamble and resource request. The allocated amount of UL resource in the
first SDCH is small because only resource request is transmitted. The next SDCH contains UL data. The
actual data is transmitted afier two RTT. Although the delay of SDCH transmission. the benefit ofthis
scheme would be a appropriate amount oftime-frequency resource to the second SDCH is based on more
detailed information of resource request in the first SDCH. Therefore. accurate resource allocation is
possible.

Method A requires different design of random access burst from the others. From the discussion of the previous
sections, it would be difficult to include a large number of control information bits in a random access burst.
Method B, C, D and E are almost similar on the design of random access burst.

We prefer method B/D than method CIE. because to include a few bits of the control information is beneficial in
order to shorten the delay. The difference of B/D and GE is whether to have a few bits on UE resource status
(buffer andfor transmission status}. On the actual resource status signaling method, there are two approaches.
One is short message part is included as shown in Figure 7(a). The other is preamble pattern itself is chosen from
the large number of preamble set shown in Figure 7(b). The choice of preamble pattern itself indicates the
signaling.

Random access burst

Preamble part Message part
(signature) {resource request

(a) two parts structure

Preamble part
(signature including resource request)

(to) one part structure

 

Figure 7 Inclusion of short message in random access burst

We don't see so much difference between B and D. The difference between B and D is the amount of uplink
resource allocation in the first SDCH. Depending on cell level iraffic situation, the scheduler could control the
amount of allocation in the first SDCH. In method B, not only cell level traffic situation, but also the scheduler
can control the amount of uplinlt resource based on the resource request from each UE. lf UL resource allocation
is relatively large. method B is applied. If UL resource allocation is relatively small, method D is applied. We
think this handling ofprocedure looks useful approach because this enables trade off between delay and
efficiency.

As a conclusion. we propose to take method BID. The difference ofB and D can be considered as the difference
ofthe scheduler operation.

3. Conclusion

In this contribution, we evaluated the preamble performance. Based on the evaluation results, we discussed the
inclusion ofmessage part on RACH. Our current View is that it would be difficult to include a large massage part
in RACH due to the limitations imposed by the link budget and preamble performance. However. we think that
the inclusion ofa few number of control infonnation bits on random access burst is still beneficial from process
delay point of view. A small size ofmessage part may be included depending on target Es/No.

-617-
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July 2o15..w-on-5
July 2015,-Weak-4
July 2015. Week 3
July' 2015, Week 2
July 2015. Wank 1‘
June 2015. Week 5
June 2015. WI'0'k 4
June 201 5. Weak '3
JI.'Ina.2015, Week 2
Junaj 2015, 'IN_u_k1
Hay 2015, Week 5
Hay 2015. Week 4
Hay 2015, Week 3
flay 20_15._Wa'aIt 2.-
my 2015.WaaIt 1
April 2015, Wank 5
April 201.5, Weak 4
Aprll 2015, Waiel: 3
Aprll 20-‘I5. Weak 2

AprI|_2n'15._we'oI_¢ _1
llarch 2015, Week 5
March 2015, Wank 4

Iglarch 2015. Week 3
llarch 2015,.Wa§|: 2
Harsh 2015. Well: 1
February 2015. Wa'ak.4
February 2016, Weak 3
FabrtIi.ry.201.5,.lN_u'ak 2
February 2015. Wank 1
January 2015. Week 5
January. 2015', Weak 4
January 2015, Wbek 3
J'_Il_I_ln'ry 201-‘5-, Week 2
January 2:01-5, Wank '1
December 20"! 4. Week 4
D'ocamber.2014. Waak_»:_-I
Dacambar.'2014. Waakz
Dpcamber-2014. Week 1

Nuvhmhe.r.2P14..Vke.k-§
November-2014, Weak-4

!lw_aIn_bar 2014, Week!
Navambir 2014, Wank?
No’\l_0|‘|‘.|‘.|7!'0I-' 2014. Waak'1
October 201.4. Weak 5

octobar 2014-‘. Week 4
Octolaar 2014,’ weal: 3
October 2014. Weak 2
October 2014. WIQK 1

$0P¢°|'|.1|.I°r 2914. W°.°'K' 5
snpumbar 2014, week 4
Saphmhar 2014. Wu}: 3

September 2014. Weak 2
Sijitornhar 2014. Weak 1

Au_gual'2'014, Wonk 5
.Augusl2014, Week 4
Auguat«201'4, Waolrs
Augusl2'014. Wldk 2
Augusl 2014. Week 1
July2014. Week 5
July 2014, wool: 4
July 201.4. Week 3
July 2_014,Wae'lL 2
July 2014. Hulk 1'
June 2014; Week!
June 2014._Wo'a'k 4
Juna "2014. wank '3
June 2014. Walk 2
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June 2014-. WI_.’e’k 1
Hay 201 4, Week 5
flay 201.4. Week 4
Lily 2014, Week 3
Mai 2014. Wonk 2
Ilay02014. Week 1
April 2014. wbek 5
KPH! 2014-, would
Aprli 20-'14. Week 3
_AP|'l|.2.9.14.- WI!!! '2.
Aprll 2014, Wool: 1
llarch 2014, Week 5
Ilarch-20-14,‘Weol( 4
march 2014. Week '3
lilarch 2014,We'e'k 2
March -2014, Wbok '1
Fo_bI'-u:ry'201 4, Week _4
F¢b'r.I.Iary 2014. Nick 3

February 20214. Wu; 2
Fnbruary-201 4.. W°'°.k. 1
Jantlary 2014, ‘Whok 5
Janunry Z014, Wonk 4
Jan.I.Iaf-Y 2014. 3
January 2'0'1'4. Week 2
January 201.4, Woo1('1
D'ec'amb§r'2013, Wonk 4
Degembor 2013, Week}
Dachmhar 2'.01'3. Wool; 2

Decalnhar 2013, Week 1
Nuvqmhor 2013._Wauk 5
November 201 3, Wonk 4

November Z013,.W9.ok.3
Ildvamljer 2013., Week-'2
llovfdmher I01 3, W601: 1
Octobnr 2013, Weak 5
October 2013-, Week 4
October 201 3, Weak
O::I:ah_er 2013. Wa.ok.2'
Qctphar 2013,-Hunk 1
September 2013, weak 5
Snpternher 2013-, Week 4
Sllahmbnr 20.13, Wu‘k- -3
Séifiomher 2013. Week-.2
saptemhar 2013, Week 1
August 2013, Week 5
August 2013, Wonk 4
Augus.1201:3, Weo‘|('3
AI.nus_!-2013, _WlIIl "-2
August 201.3, We_o_|(- 1
July 2013,WoeI( 4
July 201 3, Wool: 3
Jul! 2013.. Week 2
July-2013. Week 1
Jun: 2'01 3;'Wuk 5.‘
Junja.2o-_1'a'.. Wick '-I
Jung 2.013. 'W.a_qk -3
Junu 201 3, Wink 2
June 201.3, Wank 1
llay2013. Was]: 5
Hay 201 3, Wool: 4
Ilay 201 3, Week 3
H1)‘ 2013, Week 2
laIa'y'2013. Wonk 1'
Aprll 2013;. Week 5
April 2013, Fuck 4

AprI1z'u13.weak 3
Aprll 2013. Week 2
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Apr_II2Il13. Weak 1
llarch'201 3, We¢k‘5
lalarch 2013. Week 4
larch 2013, Web]! 3
Mirth 2013,'We'ck 2'
Ilarch 2013, Week ‘I
February 201 3. week 4
February 201;-.,.waek 3
Fobruary "201 3. W391: _2-
Fobnnry 201_'~3,. ‘Nut 1
January 2013, Week 5
January 2013. would
Janlhry 2__01'_3, -Week ,3
Jamlairy 2011.3. W150]! 2
January 2012:, Weak 1
Documbor 2012, Wonk!

Docnmbor 201.2, Wank .3
December 2012, Week 1
Nflirlmlajr 201-2. Wonk-5
Na_vom,ber 2012,We'qk.4
November 2012. Wool: 3
Navcmbor-2012, WInk«2

N'6vomber_‘2'_012,We.ék 1
October'2012. Week 5
Octobur 2012._WIIk '4
OI:1:ol:I'or'2012.'Waok 3
October 2012». w_a_gk 2
Octjnbjar 2012. Wink 1

September 2012, Week 5
5_ODllIl1'_lh.Or 2012.'Wp.ek 4
Siptombor 2012, Wonk-3
Seplnembor 2012, Week 2
S_'ap_1faI"I_I'bor 20.12, Wdak 1
Aa'gu's'!,201'2, Wink 5
August 2012, Week 4
Au.uusl'201-2, Week 3
Alqull 2012, Week 2
August 2012, Wgpk 1
July 2012. Wash 5
July 2'o1z,wook 4
July 2012. Wa'ok_3
July 2012, wank 2
July 2012. W091! 1
June 201 2, W_e’e'k 5
June 2012. Week 4

June 2012-. Wllk 3
June 2012. Week 2
Jam 2012. WIUK1
flay 201 1_._Woo'k 5
lily 2012, Week 4
lldy 2_012,,Woo|I 3
Hay 2012. Week 2
Inlay 20.12._Week 1
April 2012, Walks
April 2012. week 4
Apr_|l2012, Week 3
April _20"lZ, Wiilg. 2
April 2012; Week 1
March 2012,Waak 5
llarch 201 2, Week I
lalarch -2012. WeB;li'3
[larch 2012, Week!
II'a'r_¢h'-2012,-Wo|_I'k 1
Fqbruary-2012. Week 5-
Eebruary 2012, Week 4
February'Z01-2, week 3
February 2012, Wank 2
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February 2012. Week 1
January 2012, Week 5
January 2012. Week 4
January 2012, We"e1:-1:3
January 2'01"-2, Week 2
January 2012, Week -1
Decem'ber.2011.. Week .5
December 20-11 . Week 4
December 2011-, Week}!
D.'eI;en1her"2011_,_We'ak~2
December-Z011 , Week1
November 2011.. Week 5
November 2011 , “belt 4
Nevember 20211 , Week 3
November 201 1 . Weekz
November 201 1 , Weak1
October 2011. Week 5
October 2011. Week 4
October 2011.Wee_|t 3

2011. W503 2
October 201 1._ Week 1
September 201-1 , Wee_k.5

Septerriber 2011, Week 4
September 2011. Week 3
September 20-11, Week 2
September 2011, Week 1
Augusi2011, Week 5 '
Augus_!2011, Week 4_
Auguel2011 , Week 3
Auguel2'011 . We_e_k'2
Auguel2011, Week'1
July 201 1. Week 5
July 201 1, Week 4

July 2011 , Week 3
July 2011 . Week 2
July 2_01_1._\_Neek 1
June-‘201 1. Week ,5
June 201 1. Week .4
June 1011 , Weak :3
June 2—011,Week 2
June 2011‘. Week 1
Hay-201 1 , Week 5
Hey 2011.WeeIt 4
lIa_y;2'011 . Week 8
Ilay 201 1 , Week 2

Hay 2011 . Week 1_
Apr-|i20'11. Week 5
Apr|I2D11,Wee[( 4-
APf||.2.11...Weo|.¢ I3
AprlI2011,Week 2
Apr|l2011, Week 1

Iglaréh-2.011, 5
Hatch-2011, Week 4

lflarch 2011, Week 3
Harch-2011. Week 2
March 2011, Week 1
Fetnnfiry 2011._Waek-4
February 2011 , Week 3
February-201 1. Week 2
February 2011 , Week 1
January 2011,‘Wbek'5
J.a'nI.nry 201-1,
Ja'n'ue'r.y 2011; Week 3
January 2011., Week -2
Jenuer'y'201:1, Week'1
December 2010. Week 5
December 2010, Week4
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Decemb_er'20-10. 3
December 2010. Week 2
December 2010. Week '1
H_d\r§mE|e'r'2010,- Wealjt‘-5
November 2010. Week 4
November 2010. Week 3
Na.vember.201.0. Week 2
Nwember 20-10, WOOII1
Octoher 201 0.-'W_eek~ 5'

2010.-W.O'I.k 4
October 2010, Week 3

October-2_010.We'ek 2'-
Octabar 2010, Week 1
SCMOMDOI 20.10, Week 5
Septern'I:or 2'o1o, wank 4
September 2010, Week 3
September 2010, Wee_k.2

September 2010. Week 1
August-2_01I_J_, Will! 5
Al.Ig_l.I_Il'2010, Week 4
Auguel2010, Week!
Augu:l201l'.|-, Week 2
A_u§us_I_2010_, Week 1
Juily.2'01.0._Weok 4
July 2010', Week 3
July 201 o. We'e'k- 2
July 2010. Week 1_
Jun‘: 2010, Week 5
June 2010,, Week 4
June'20-10. Week _-3
June 2010. Week 2
June.2o1n. Week 1
June" 201 0.

Hey 2010,.WeQk 4
Hay 2010. Week 3
Hay 2010. Week 2
Ila) 201.B._We,e_k 1
Aprll 2010. Week 4
KP'f||.23_‘|.D.-W011!" 3
Aprll 2010, Week 2
Aprll 201.0, -Week 1
Harah 201 0

2010, Week 4
February 201 . week:
February 201.0. Wool: 2
February 201 II, Week 1
Ja'r'Iuary_ z‘o1'o. week 4
Jamlary Z010, Wick 3'
Jamil"?! 301.-.0‘. Wdolk. 2
January 201'0,'VVeaIl '1
December-2009

!«luwemhe‘r'20_09.. Week «_I
Nevember 2009, Week 3
November 2009. Week 2

Hove'm_b'e_r zoos. Vhell: 1
October 2003,. Week 4-
Octohur 2009. Wm: :-
October 2009, Week 2
October 2009. Week 1
September 2009
August 2009, Week .4
M100812001. W0'0'|I_i3
Au'gu'Il 2009, Week 2
August 2009. Week 1
Ju|y'2.009
June-2009. Week '4
June 2on9, Week 3
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June 2009. Week 2

June 2009. Week 1
Iley'2009. Week 4
Lily 2009, Week 3
laIe_'i'200'B. Week 2
Ileye2009. Week '1
April 2009. week 4
APrI12n'o'e_,week 3
Aprlrzgue, Week :-
AP|'l|.2fi09.- W.I!|.K' 1
llaroh 2009, Week 4
llarch 2000, Week 3
Herah-2000, Week 2
lflerch 2009. Week 1
February 2009. Week 4
February 2009, Week 3
Fen-u:ry~_2ooe. Week 2
Febrllery 2009, Week 1
-.J.alI.I-lair! 20.09." W5!!! 4
J.I.|'I'l-II?! 20.09. W.¢'°'|i..3.
Janllery 2000,'Whek 2
January zoos. Week .1
December 3008
November 2008, ‘melt-4
November 2008,. Vhek 3

November'200_8. Week 2
Novemberzlloa. Wee|c1

2008

September 2000, Week 4
September zone. Week 3
September 2003. Week 2

Seflember 2008, Week 1
Augue'l'2008, Week 4
Au'§ue!_2000, Wee_k.—3
August 2008, Week!
Augu_et'2_00_B, Week 1
July 2008
June 2008, Week .4
June 20.00. Week _-_3
June 2000-, Week 2
June 20.00. Week1
Hey-2008, Week 4
Hay 2003. Week 3
l'aIe_y‘_2'008. Week 2
Hay 2008, Week 1
April 2000-, Week 4
Apr-Ii 2003. Week 3

Ann: 2.0013, weal; 2-
Aprll_2'0 08-._Wee|_¢' _1
March 2000, Week 4
ll:rch 1008, Week .3

Haréh-3000. 2
Ilareh -2008;, We'ek..1
February 2000. Weelm
February zone. Week 3
February 2008. Week -2
Februirv 2000. {Week 1
January 2000-, Week 4
January 20.0l,WeelI 3
January-2000, ‘Week 1'
January 2001!-.-‘Wbek-.1
December 2001
November-2'001', Week 4
November 2007. Week 3
November.2.001., We'ek.2
November 2007. Week 1
October 2001. Week 4
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October 2007. Week 3
October 2001. Week 2
Octohnr 2001'. Won]: 1
Saphrilbar 20.01
August 2007,-Wank 4

August 2007. Week 3
August 2007, Week 2
August 2007, Walk 1
July 2007
Juli! 2007, W_II|_I '4
June 2007-, Week 3
June 20.07. Weak 2
Jum-2007,-Waak1
flay 2_00T._Wo'o|t 4-
llay 200:1. Weak:
Hay 2007; Wonk 2

May 2007. Weak 1
Aprll 2007.. Week 4
Aprll 2007. Week 3

KPf||.200.T..W0'0|.I 2.
Aprli zuur, Weak -1
March 2007'-, Wonk 4

Iglarch 2001, Week 3
llarch 200T..We§|: 2
llarch 2007, Want 1
February 2007. Wn'ek.4
Eobrtlary 2007. Week 3
F'ebruI'._ry.2001, Wick 2
February 2007. Week 1
January 2007, Week 4
January 2007, Wash 3‘
January 2007, -‘Wbek 2
J'_ar_I_ln'r'y 2007, 'Weell'1

Bachmber 2006
November 2006._Weok4

flovamber.2006_, Week» :_-I
llwambar.'2006. Weak 2
l:lov.arnb_er 2006, Was]: 1
061.950!‘ 2005'.‘ 3'-'{8'I'.|I 4
October 2006, Week 3
October-20.0.0‘. Week 2-
GI:1:obar2006.‘Waa|I: 1
Soptomber 200!
August 2005, Week 4
August 2006, Week 3
Augusi 2006, Wank’:
Augua_1.200B, Week 1
July 2011.5
Juno.:20.0B
May 2003, Wank 4
my 2006. Wonk 3
Inlay 2000. Week 2
Hay 2008. Week 1
April 2006'
Harch-2006, W301! 4
March 2006; Week 3

flaréh 2005",; WOI'_k 2’
l_aIa'rI:h-200.3. Week 1

February-2003. Week 4
February 2000, Week 3
February 2008. weak 2-
Febrmry 2006, Wick 1
January 200.6 '
December 2005

Novamber 2005
October 200.5. Weak 4
October 2005. Weak 3
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October 2_.00.5'. Week 2
October 2005. Wonk 1
5.o|:te.mber 2005
Angus"! 2005-, Week 4
August 2005, Week.-3
August 2005. Week 2
Angus! 2005, Week 1
July 2005
JI.'Ine.2005

I_lay 20.05
Aprll 2005'
Ilarch 2005

February 2005
January 2005
December 2004
November 2004

October 2004- _
September 2001
August-20.04
Juli 2004
Juno 2004

my 2o.o4
April 2004
llarch 2004

Fobruury 2004
January 20.04
December 2003

November 21003
October 2003.
September 2003
August zoos
July zoos
Juno 2003
Iliy 2003
Aprll 2003
|Iarch=2.003

February 2003
J_an_ua_ry 2003-_
D'cjc_em_|_:e_r_2002
November-2002
October 2002-

5I|!0II'I'IbIr 2002
Audull 2.00.2
Ju|y'20'02
June 2002

Hay 2002
Apr-ll 2002
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TSG-RAN WG1 Meeting#45 R1 -061114
Shanghai, China, May 8 -12, 2006

Source: Panasonic

Title: Random access design for E-UTRA uplink
Agenda Item: 11.1.2
Document for: Discussion and Decision

1. Introduction

In this document, we discuss the random access structure as follows. This document only discusses non-
synchronized random access structure.

- The preamble sequence
The minimum preamble length
The minimum bandwidth

The sequence composition in preamble
The control information over the preamble part
The necessity of message part

2. Random access structure design

2.1. Preamble sequence

Random access is a contention based transmission. Therefore, multiple random access bursts from multiple UEs
could be transmitted simultaneously. It is also good. if multiple random accesses are detected simultaneously at
E-NodeB. To reduce the collisions among the random access, a common approach is UE randomly chooses one
out of plural different preambles/signatures. To distinguish random accesses from different UEs at NodeB, a
sequence with good auto-correlation and good cross-correlation property is required. For these reasons, we
compare the miss detection probability vs. the average Ep/No among the different type of sequences (i.e. W-
CDMA preamble sequences, different CAZAC sequences and cyclic-shifted CAZAC sequences).

Performance of different preamble seg uences

The simulation parameters are shown in Table l. Preamble performance evaluation criteria used are false alarm
and miss detection probability to the average EpfNo. The definition is as follows:

0 False alarm (Pfa): the probability ofa particular code being detected when nothing, or different code is
transmitted

I Miss detection (Pmd): the probability ofa particular code not being detected when the code is transmitted

Table 1 Simulation parameters

Transmission Bandwidth l.25MHz (Allocated bandwidth: l.024MHz)
Preamble lenth A roitimatel 400 uses

A roximatel 100 usec
Signature Pattern - W-CDMA (truncated)

- CAZAC se uence (Zadoff-Chu CAZAC 20 )
Length ofCAZAC sequence (N) - W-CDMA (400 symbols: I6 signature * 25 repetition)

- CAZAC (401 symbols)
- Cyclic-shifted CAZAC {40lsymbols, shifl duration: 50usec)

Number of multiplexed preambles 1, 2,4,8, [2, l6
Antenna configuration 1 Tx antenna, 2 Rx antennas {power profiles are combined]
Detector Matched filtering in time domain. See Appendix.
Number of detector I6

Channel model 6-path Typical Urban l2Ukmfh

Figure 1 shows the miss detection probability (Pmd) against the average EpfNo of each preamble sequence to
achieve the false alarm Pfa = 10"‘ under TU 12l]kmfh. The miss detection probability against the EpfNo is always
satisfied in Pfa = l0'3. The result refiects that the false alarm probability is fluctuated due to mutual interference
between preambles when plurai preambles are transmitted.

-1x5-
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From the evaluation, both CAZAC sequence and eyclic—shifted CAZAC sequence show better detection
performance compared with the truncated WCDMA preamble sequence. Eight cyciic-shifted CAZAC sequences
mixed have similar performance with only one CAZAC sequence. Moreover, the performance in 8 cyclic-shifted
a CAZAC sequences and 4 cyciic-shifted other CAZAC sequences mixed have similar to 4 different CAZAC
sequences mixed. Therefore, cyc]ic—shified CAZAC sequence has superior performance among compared
sequences. This aspect is also discussed in [[4] .

As the results. we propose to choose cyclic-shified Zadoff-Chu CAZAC as preamble sequence mainly. in
addition, to have more signatures, we also propose to use different Zadoff-Chu CAZAC sequence.

0

[0 .. z.‘ ' ' ' " .::.....: :. .:. : ..: . :.* WCDMA(lsignature)
_ alse alarm (Pfa)= I0’-33 —-I-— WCDMA(2signatures)
' I —I— W(.‘DMA(4signaturcs)

—O— CAZAC [l signature)
lk=l)

—-5— Cr'\?.i’\C [2 signatures)
(k=1.2)

—l— CAZAC [4 signatures)
{k=1.2,3.<t;

CS-CAZAC (8 signatures)
(k=1. m=l to8)

-|<- - CS-CAZAC + CAZAC (12 signatures)
(k=1. In=l to8) + (k=2, In=l to4)

-I- - CS-CAZAC+ CAZ/\Ctl6 signatures)
(k=1, In=| to8) + (F2, In=l to8)

Missditcetionprobability
5

NUIEZ
CS-(‘AZ.'\C: cyclic-slrilted CMAC
- k is the index ofCAI'.AlC‘ sequence

]5 25 - m is the index ofcyclic shill

Average Ep/No [dB]

Figure 1 Miss detection probability (Pmd) to the average Ep/Nu (TU l2lJkm!h)

2.2. Preamble length
Approximately 300 user: preamble length is required for lSD=500m and approximately 900 usec is required for
|SD=l732m to achieve Pmd = ID"; on CDF = 5% under TU l20km/h from the preamble detection performance
in [13] . In the document, power control scheme assumed is relatively simple one. if more sophisticated one is
assumed, the averaged received SINR at CDF = 5% would be ftrtther improved. in addition, more sophisticated
preamble detectors in [15] [I6] improves the preamble detection performance. These two aspects would allow
reducing the required preamble length. Therefore. we propose to have two preamble lengths, around 400 usec
and around 800 usec.

2.3. Minimum bandwidth

We propose the minimum bandwidth (BW) of random access burst is l.25MHz. More than [MHz BW would be
required in order to obtain l uscc time resoiution for the uplink time alignment [19] . lfonly rough resolution is
obtained in random access procedure. timing alignment control afier random access procedure would get
complicated.

In addition. sufficient number of symbols of the CAZAC sequence is required to eliminate mutual interference
among preamble signatures. Therefore. we propose l.25MHz as the minimum bandwidth.

2.4. Sequence composition in preamble
In the previous sections. we discussed the preamble sequence, the preamble length and the minimum bandwidth.
Next topic is how to fulfill the possible preamble field using preamble sequence. Two approaches have been
proposed. One is composed of multiple short CAZAC sequences [l5] [l6] . The other is one long CAZAC
sequence [19] . For the decision among two. following aspects should be considered.

- Mutual interference among preambles
- Reuse factor of CAZAC sequence
- The possibility to transmit control information
— Decoder complexity
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Mutual interference among greambies

Multiple short CAZAC sequence approach suffers more mutual interference among preambles. In addition. as
we saw the evaluation in section 2. l, cyclic-shifted CAZAC sequence has superior performance. But cyclic-
shifted CAZAC sequence requires relatively long sequence. Therefore, long CAZAC sequence is better than
multiple short CAZAC sequence on this aspect.

Reuse factor of CAZAC sequence

The longer CAZAC sequence has a benefit to have bigger reuse factor of sequence management with less inter-
cell interference when cell planning aspect is considered [I9] . Therefore, long CAZAC sequence is better than
multiple short CAZAC sequence on this aspect.

The gossibilig to trnsmit control information

To have a few number of control information bits on random access burst allows of an more efficient uplink and
downlink resource utilization after random access attempt. In the case control information is mapped on the
preamble part, control information including random ID is mapped to different signatures one by one. This
means the more control bits are contained. if the larger number of signatures is used in one cell. Therefore, the
required length of CAZAC sequence increases when more number of control bits is used. In addition, the length
of CAZAC sequence further increases when bigger reuse factor are used. The number of different CAZAC
sequences used by one cell is shown in Table 2. The number in ( } shows the case four cyclic-shifted sequence
are generated for each CAZAC sequence.

Table 2 the number of CAZAC sequences used in one cell

96 (24) I28 (32) 224 (56)
192 (43) 256 (64) 443012)

384 (95) 512 L123) 896 (224) l
753092} 1024 (255) 1792 (443) l

2536 (2341 [ 2048 (512) 35S4(S96) l

Discussion

From above discussion. long CAZAC sequence is preferred option. From the previous sections. we proposed 400
usec as the minimum preamble length and l.l25MHz (90% of 1 .25MHz) as the minimum preamble bandwidth.
Therefore. the maximum number of symbols contained in the preamble pan is around 450 symbols.

Minimum random access '|Tl =0.5msec

100us

Preamble part (N=-449 CAZAC sequence)
.l5‘e8'contro| information bits incl. random ID 3”“ 1"“

Figure 2 proposed the non-synchronized random access structure

We propose the N=449 {prime number) cyclic-shifted CAZAC sequences with also use different CAZAC
sequences for the preambles. For supporting larger cell size, repeating this sequence twice (Le. 800 usec) can be
used.

According to this design, up to 8 control information bits including random ID can be transmitted on the
preamble part with 7 cell reuse. A fewer usage of code sequence alleviate the decoder complexity. With also
taking into account complexity aspect, we propose the number of control information bits contained in the
preamble is around 6 bits.

2.5. Control information over the preamble part
We propose the followings control information is transmitted in non-synchronized random access preamble part.
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Random ID: To avoid collisions and to distinguish random access attempt from different UEs.

Access type and buffer status: To allocate appropriate first uplink resource corresponding to the access
reasons. One example is to distinguish among initial access/TA-update, handover, recovery of the
synchronization in LTE_ACTIVE with bigger buffer size and recovery of the synchronization in
LTE_ACTlVE with smaller buffer size

UE Tx power head room or Downlink CQI: To perform link adaptation andfor power control for
allocated uplinkfdownlink resource.

Example of possible mapping usage of6 bits is shown in table 3. Similar way of mapping is also proposed in
[l 5] .

Table 3 Example of propose control information mapping to signatures

Large Tx power head Initial accessfTA-update 1-3
room Handover no allocation

LTE ACTlVE(smal| bufier size) 4-6
LTE ACT[VE(large buffer size) 7-9

Middle Tx power head lnitialacee5sfTA—update 10-13
room Handover no allocation

LTE ACTlVE(smallbuffersize) 14-I7

LTE AcTIvE(1are buffersize) —
Small Tx power head Initial accessfTA-update 22-26
room Handover no allocation

LTE ACT[VE(sma]| buffer size) 27-31

LTE ACTlVE(large buffer size] 32-36
No Tx power head room Initial accessfTA-update 37-45

Handover 46-54

LTE ACTIVE(small buffer size) 44-64
LTE ACTIVE(large buffer size} no allocation

2.6. Necessity of message part
It‘ more than 6-8 control bits are required to be transmitted on random access burst, the message part has to be
associated with the preamble part. However, in that case, the preamble part and message part should support the
following properties.

I Channel estimation for coherent detection by the preamble part

0 Message part should have simiiar BLER with miss detection probability of the preamble part.

0 Message part should have similar collision avoidance performance with that of preamble part.

ln order to achieve the above requirements. the longer associated message part might be required [17] . This
consumes more uplink radio resources. Therefore, the trade-off between the merit of associating message part
and the demerit of radio resource expense should be carefully considered.

3. Conclusion

We propose the following random access burst.

Zadoff-Chu CAZAC sequence for the preamble sequence
Both of cyclic-shifted CAZAC and different CAZAC sequence is used.
Preamble lengths is around 400 usec and around 800 usec
l.25MHz is the minimum bandwidth

One large CAZAC sequence for example N=449 is used to compose preamble sequence.
The following control information is mapped on the CAZAC preamble signatures.
> UE Tx power head room or downlink CQI
> Access type and buffer status
'> Random ID
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Appendix: Preamble detection algorithm

Two receiver antenna diversity reception is used. The 16 different power delay profiles are measured by the 16
matched filters corresponding to preamble seq uenees in each branch and then combined. Figure A illustrates the
preamble detection method. The window size of the peak detection of the delay profile is set to l00usec for
WCDMA preamble and CAZAC preamble. The window size for Cyclic-shified CAZAC preamble is 50 usec to
evaluate the detection performance up to S cyclic-shi fled CAZAC sequences. Noise level is measured from the
delay profile but the samples larger than Threshold A are not used for noise level calculation. Threshold B is the
preamble detection threshold from the calculated noise level plus an offset value. The offset value is adjusted to
achieve 0.1% false alan'n probability. The maximum peak power is compared to Threshold B.

Window size for peak detection
- 1Dt‘Jusec for WCDMA preamble and CAZAC preamble

- Stlusec for cyclic-rsliiftecl CAZAQ preamble

 
 

Threshold B: preamble detection threshold

A _e_lgyed signal detection threshold
Calculated noise level
(including interference)

Window size for noise level
calculation = 400 samplesSamples (>thre-shold A) are not

used for noise level calculation

Figure A Output signal of matched filter and preamble detection algorithm
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72673 81-661243.zig
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112212 R1-061551.219
10913 R1-061552.219

406390 R1-061553.219
448728 R1-061554.219

14911 R1-061555.219
7118 R1-061556.219
7683 R1-061557.219

12867 R1-061559.219
5734 R1-061560.219
9042 R1-061561.219

140573 R1-061562.219
919881 R1-061563.219
301109 R1-061564.219
347032 R1-061565.219
107543 R1-061566.219
191481 R1-061567.219

12155 R1-061568.219
7460 R1-061569.219

514122 R1-061571.219
15769 R1-061572.219
33809 R1-061573.219
14874 R1-061574.219
16256 R1-061575.219
23475 R1-061576.219
25761 R1-061577.219
19795 R1-061578.219
10789 R1-061579.219

7851 R1-061580.219
27588 R1-061581.219

1253996 R1-061582.219
215633 R1-061583.219

7666 R1-061584.219
135513 R1-061585.219

9719 R1-061586.219

81365 R1-061587.ziQ

9761 R1-061588.219
8425 R1-061539.219
9645 R1-061590.219
8521 R1-061591.219

18093 R1-061592.219
44359 R1-061593.219

8871 R1-061594.219
70114 R1-061595.219

3675 R1-061596.219
20894 R1-061597.2iQ
10420 R1-061598.219

7841 R1-061599.219
8324 R1-061600.219

82924 R1-061601.219
12198 R1-061602.219

8629 R1-061603.219
16902 R1-061604.219
15257 R1-061605.219
23265 R1-061606.219

101585 R1-061607.219
8888 R1-061603.219

81648 R1-061609.219
9772 R1-061610.219

15915 R1-061611.ziQ
9857 R1-061612.219

27950 R1-061614.219
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32125 R1-061615.ZiQ

20255 R1-061616.219

9255 R1-061617.212

22026 R1-061618.ZiQ

14750 R1-061619.ziQ

13960 R1-061620.219

11750 R1-061621.ziQ

10779 R1-061622.ZiQ

191211 R1-061623.219

38509 R1-061624.219

16871 R1-061625.219

443067 R1-061626.219
48640 R1-061627.d0C

10394 R1-061627.ziQ

11951 R1-061628.219

72003 R1-061629.219

71923 R1-061630.ziQ

72309 R1-061631.219

7235 R1-061632.ziQ

7470 R1-061633.ziQ

7824 R1-061634.212

38883 R1-061635.219

11912 R1-061636.212

32461 R1-061637.ziQ

3591142 R1-061638.219

9128 R1-061639.ziQ

175010 R1-061640.ziQ

233018 R1-061641.ZiQ

136075 R1-061642.ziQ

3581513 R1-061643.ZiQ

3539006 R1-061644.2iQ

1521064 R1-061645.219

66695 R1-061646.ziQ

1527382 R1-061647.219

10938 R1-061648.ZiQ

165721 R1-061649.219

1509624 R1-061650.212

1506242 R1-061651.ZiQ
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Title: Random access design for E-UTRA uplink
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Document for: Discussion and Decision

1. Introduction

In this document, we discuss the random access structure as follows. This document only discusses non-
synchronized random access structure.

- The preamble sequence
The minimum preamble length
The minimum bandwidth

The sequence composition in preamble
The control information over the preamble part
The necessity of message part

2. Random access structure design

2.1. Preamble sequence

Random access is a contention based transmission. Therefore, multiple random access bursts from multiple UEs
could be transmitted simultaneously. It is also good. if multiple random accesses are detected simultaneously at
E-NodeB. To reduce the collisions among the random access, a common approach is UE randomly chooses one
out of plural different preambles/signatures. To distinguish random accesses from different UEs at NodeB, a
sequence with good auto-correlation and good cross-correlation property is required. For these reasons, we
compare the miss detection probability vs. the average Ep/No among the different type of sequences (i.e. W-
CDMA preamble sequences, different CAZAC sequences and cyclic-shifted CAZAC sequences).

Performance of different preamble seg uences

The simulation parameters are shown in Table l. Preamble performance evaluation criteria used are false alarm
and miss detection probability to the average EpfNo. The definition is as follows:

0 False alarm (Pfa): the probability ofa particular code being detected when nothing, or different code is
transmitted

I Miss detection (Pmd): the probability ofa particular code not being detected when the code is transmitted

Table 1 Simulation parameters

Transmission Bandwidth l.25MHz (Allocated bandwidth: l.024MHz)
Preamble lenth A roitimatel 400 uses

A roximatel 100 usec
Signature Pattern - W-CDMA (truncated)

- CAZAC se uence (Zadoff-Chu CAZAC 20 )
Length ofCAZAC sequence (N) - W-CDMA (400 symbols: I6 signature * 25 repetition)

- CAZAC (401 symbols)
- Cyclic-shifted CAZAC {40lsymbols, shifl duration: 50usec)

Number of multiplexed preambles 1, 2,4,8, [2, l6
Antenna configuration 1 Tx antenna, 2 Rx antennas {power profiles are combined]
Detector Matched filtering in time domain. See Appendix.
Number of detector I6

Channel model 6-path Typical Urban l2Ukmfh

Figure 1 shows the miss detection probability (Pmd) against the average EpfNo of each preamble sequence to
achieve the false alarm Pfa = 10"‘ under TU 12l]kmfh. The miss detection probability against the EpfNo is always
satisfied in Pfa = l0'3. The result refiects that the false alarm probability is fluctuated due to mutual interference
between preambles when plurai preambles are transmitted.

-1x5-
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From the evaluation, both CAZAC sequence and eyclic—shifted CAZAC sequence show better detection
performance compared with the truncated WCDMA preamble sequence. Eight cyciic-shifted CAZAC sequences
mixed have similar performance with only one CAZAC sequence. Moreover, the performance in 8 cyclic-shifted
a CAZAC sequences and 4 cyciic-shifted other CAZAC sequences mixed have similar to 4 different CAZAC
sequences mixed. Therefore, cyc]ic—shified CAZAC sequence has superior performance among compared
sequences. This aspect is also discussed in [[4] .

As the results. we propose to choose cyclic-shified Zadoff-Chu CAZAC as preamble sequence mainly. in
addition, to have more signatures, we also propose to use different Zadoff-Chu CAZAC sequence.

0

[0 .. z.‘ ' ' ' " .::.....: :. .:. : ..: . :.* WCDMA(lsignature)
_ alse alarm (Pfa)= I0’-33 —-I-— WCDMA(2signatures)
' I —I— W(.‘DMA(4signaturcs)

—O— CAZAC [l signature)
lk=l)

—-5— Cr'\?.i’\C [2 signatures)
(k=1.2)

—l— CAZAC [4 signatures)
{k=1.2,3.<t;

CS-CAZAC (8 signatures)
(k=1. m=l to8)

-|<- - CS-CAZAC + CAZAC (12 signatures)
(k=1. In=l to8) + (k=2, In=l to4)

-I- - CS-CAZAC+ CAZ/\Ctl6 signatures)
(k=1, In=| to8) + (F2, In=l to8)

Missditcetionprobability
5

NUIEZ
CS-(‘AZ.'\C: cyclic-slrilted CMAC
- k is the index ofCAI'.AlC‘ sequence

]5 25 - m is the index ofcyclic shill

Average Ep/No [dB]

Figure 1 Miss detection probability (Pmd) to the average Ep/Nu (TU l2lJkm!h)

2.2. Preamble length
Approximately 300 user: preamble length is required for lSD=500m and approximately 900 usec is required for
|SD=l732m to achieve Pmd = ID"; on CDF = 5% under TU l20km/h from the preamble detection performance
in [13] . In the document, power control scheme assumed is relatively simple one. if more sophisticated one is
assumed, the averaged received SINR at CDF = 5% would be ftrtther improved. in addition, more sophisticated
preamble detectors in [15] [I6] improves the preamble detection performance. These two aspects would allow
reducing the required preamble length. Therefore. we propose to have two preamble lengths, around 400 usec
and around 800 usec.

2.3. Minimum bandwidth

We propose the minimum bandwidth (BW) of random access burst is l.25MHz. More than [MHz BW would be
required in order to obtain l uscc time resoiution for the uplink time alignment [19] . lfonly rough resolution is
obtained in random access procedure. timing alignment control afier random access procedure would get
complicated.

In addition. sufficient number of symbols of the CAZAC sequence is required to eliminate mutual interference
among preamble signatures. Therefore. we propose l.25MHz as the minimum bandwidth.

2.4. Sequence composition in preamble
In the previous sections. we discussed the preamble sequence, the preamble length and the minimum bandwidth.
Next topic is how to fulfill the possible preamble field using preamble sequence. Two approaches have been
proposed. One is composed of multiple short CAZAC sequences [l5] [l6] . The other is one long CAZAC
sequence [19] . For the decision among two. following aspects should be considered.

- Mutual interference among preambles
- Reuse factor of CAZAC sequence
- The possibility to transmit control information
— Decoder complexity
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Mutual interference among greambies

Multiple short CAZAC sequence approach suffers more mutual interference among preambles. In addition. as
we saw the evaluation in section 2. l, cyclic-shifted CAZAC sequence has superior performance. But cyclic-
shifted CAZAC sequence requires relatively long sequence. Therefore, long CAZAC sequence is better than
multiple short CAZAC sequence on this aspect.

Reuse factor of CAZAC sequence

The longer CAZAC sequence has a benefit to have bigger reuse factor of sequence management with less inter-
cell interference when cell planning aspect is considered [I9] . Therefore, long CAZAC sequence is better than
multiple short CAZAC sequence on this aspect.

The gossibilig to trnsmit control information

To have a few number of control information bits on random access burst allows of an more efficient uplink and
downlink resource utilization after random access attempt. In the case control information is mapped on the
preamble part, control information including random ID is mapped to different signatures one by one. This
means the more control bits are contained. if the larger number of signatures is used in one cell. Therefore, the
required length of CAZAC sequence increases when more number of control bits is used. In addition, the length
of CAZAC sequence further increases when bigger reuse factor are used. The number of different CAZAC
sequences used by one cell is shown in Table 2. The number in ( } shows the case four cyclic-shifted sequence
are generated for each CAZAC sequence.

Table 2 the number of CAZAC sequences used in one cell

96 (24) I28 (32) 224 (56)
192 (43) 256 (64) 443012)

384 (95) 512 L123) 896 (224) l
753092} 1024 (255) 1792 (443) l

2536 (2341 [ 2048 (512) 35S4(S96) l

Discussion

From above discussion. long CAZAC sequence is preferred option. From the previous sections. we proposed 400
usec as the minimum preamble length and l.l25MHz (90% of 1 .25MHz) as the minimum preamble bandwidth.
Therefore. the maximum number of symbols contained in the preamble pan is around 450 symbols.

Minimum random access '|Tl =0.5msec

100us

Preamble part (N=-449 CAZAC sequence)
.l5‘e8'contro| information bits incl. random ID 3”“ 1"“

Figure 2 proposed the non-synchronized random access structure

We propose the N=449 {prime number) cyclic-shifted CAZAC sequences with also use different CAZAC
sequences for the preambles. For supporting larger cell size, repeating this sequence twice (Le. 800 usec) can be
used.

According to this design, up to 8 control information bits including random ID can be transmitted on the
preamble part with 7 cell reuse. A fewer usage of code sequence alleviate the decoder complexity. With also
taking into account complexity aspect, we propose the number of control information bits contained in the
preamble is around 6 bits.

2.5. Control information over the preamble part
We propose the followings control information is transmitted in non-synchronized random access preamble part.
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Random ID: To avoid collisions and to distinguish random access attempt from different UEs.

Access type and buffer status: To allocate appropriate first uplink resource corresponding to the access
reasons. One example is to distinguish among initial access/TA-update, handover, recovery of the
synchronization in LTE_ACTIVE with bigger buffer size and recovery of the synchronization in
LTE_ACTlVE with smaller buffer size

UE Tx power head room or Downlink CQI: To perform link adaptation andfor power control for
allocated uplinkfdownlink resource.

Example of possible mapping usage of6 bits is shown in table 3. Similar way of mapping is also proposed in
[l 5] .

Table 3 Example of propose control information mapping to signatures

Large Tx power head Initial accessfTA-update 1-3
room Handover no allocation

LTE ACTlVE(smal| bufier size) 4-6
LTE ACT[VE(large buffer size) 7-9

Middle Tx power head lnitialacee5sfTA—update 10-13
room Handover no allocation

LTE ACTlVE(smallbuffersize) 14-I7

LTE AcTIvE(1are buffersize) —
Small Tx power head Initial accessfTA-update 22-26
room Handover no allocation

LTE ACT[VE(sma]| buffer size) 27-31

LTE ACTlVE(large buffer size] 32-36
No Tx power head room Initial accessfTA-update 37-45

Handover 46-54

LTE ACTIVE(small buffer size) 44-64
LTE ACTIVE(large buffer size} no allocation

2.6. Necessity of message part
It‘ more than 6-8 control bits are required to be transmitted on random access burst, the message part has to be
associated with the preamble part. However, in that case, the preamble part and message part should support the
following properties.

I Channel estimation for coherent detection by the preamble part

0 Message part should have simiiar BLER with miss detection probability of the preamble part.

0 Message part should have similar collision avoidance performance with that of preamble part.

ln order to achieve the above requirements. the longer associated message part might be required [17] . This
consumes more uplink radio resources. Therefore, the trade-off between the merit of associating message part
and the demerit of radio resource expense should be carefully considered.

3. Conclusion

We propose the following random access burst.

Zadoff-Chu CAZAC sequence for the preamble sequence
Both of cyclic-shifted CAZAC and different CAZAC sequence is used.
Preamble lengths is around 400 usec and around 800 usec
l.25MHz is the minimum bandwidth

One large CAZAC sequence for example N=449 is used to compose preamble sequence.
The following control information is mapped on the CAZAC preamble signatures.
> UE Tx power head room or downlink CQI
> Access type and buffer status
'> Random ID
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Appendix: Preamble detection algorithm

Two receiver antenna diversity reception is used. The 16 different power delay profiles are measured by the 16
matched filters corresponding to preamble seq uenees in each branch and then combined. Figure A illustrates the
preamble detection method. The window size of the peak detection of the delay profile is set to l00usec for
WCDMA preamble and CAZAC preamble. The window size for Cyclic-shified CAZAC preamble is 50 usec to
evaluate the detection performance up to S cyclic-shi fled CAZAC sequences. Noise level is measured from the
delay profile but the samples larger than Threshold A are not used for noise level calculation. Threshold B is the
preamble detection threshold from the calculated noise level plus an offset value. The offset value is adjusted to
achieve 0.1% false alan'n probability. The maximum peak power is compared to Threshold B.

Window size for peak detection
- 1Dt‘Jusec for WCDMA preamble and CAZAC preamble

- Stlusec for cyclic-rsliiftecl CAZAQ preamble

 
 

Threshold B: preamble detection threshold

A _e_lgyed signal detection threshold
Calculated noise level
(including interference)

Window size for noise level
calculation = 400 samplesSamples (>thre-shold A) are not

used for noise level calculation

Figure A Output signal of matched filter and preamble detection algorithm
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