
c12) United States Patent 
Sorrentino et al. 

(54) METHODS AND ARRANGEMENTS FOR 
CHANNEL ESTIMATION 

(75) Inventors: Stefano Sorrentino, Solna (SE); George 
Jiingren, Stockholm (SE) 

(73) Assignee: Telefonaktiebolaget L M Ericsson 
(Puhl), Stockholm (SE) 

( *) Notice: Subject to any disclaimer, the term ofthis 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 199 days. 

(21) Appl. No.: 13/422,298 

Mar. 16, 2012 (22) Filed: 

(65) Prior Publication Data 

US 2013/0201840Al Aug. 8, 2013 

Related U.S. Application Data 

(60) Provisional application No. 61/594,566, filed on Feb. 
3, 2012. 

(51) Int. Cl. 
H04W56/00 (2009.01) 

(52) U.S. Cl. 
CPC ........ H04W 56/001 (2013.01); H04W 56/0095 

(2013.01) 
USPC .......................................................... 370/324 

( 58) Field of Classification Search 
USPC .......................................... 370/324, 350, 507 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

2010/0220800 Al * 
2011/0176517 Al 
2013/0028217 Al * 

9/2010 Erell et al. .................... 375/267 
7/2011 Huetal. 
1/2013 Sumasu et al. ................ 370/329 

800 

I 1111111111111111 11111 1111111111 11111 111111111111111 IIIII IIIIII IIII IIII IIII 
US008964632B2 

(10) Patent No.: 
(45) Date of Patent: 

US 8,964,632 B2 
Feb.24,2015 

WO 

FOREIGN PATENT DOCUMENTS 

WO 2011/125300 Al * 10/2011 

OTHER PUBLICATIONS 

H04J 99/00 

Sumasu et al., Machine translation copy of WO 20 l l/ 125300 Al, 
Oct. 13, 2011.* 
International Search Report issued in corresponding International 
application No. PCT/SE2013/050081, date of mailing May 22, 2013. 
Written Opinion of the International Searching Authority issued in 
corresponding International application No. PCT/SE2013/050081, 
date of mailing May 22, 2013. 
Motorola Mobility, "Scenario and Modeling Discussion for DL
MIMO Enhancement," 3GPP Draft, Rl-112444, 3rd Generation 
Partnership Project (3GPP), Mobile Competence Centre, 650 Route 
des Lucioles, F-06921 Sophia-Antipolis Cedex, France, TSG RAN 
WG 1 #66, Athens, Greece, Aug. 22-26, 2011, XP050537545. 

(Continued) 

Primary Examiner - Hoon J Chung 
(74) Attorney, Agent, or Firm - Patent Portfolio Builders 
PLLC 

(57) ABSTRACT 

Some embodiments provide a method for channel estimation 
in a wireless device. According to the method, the wireless 
device obtains an indication that a set of antenna ports, or 
antenna port types, share at least one channel property. The 
wireless device then estimates one or more of the shared 
channel properties based at least on a first reference signal 
received from a first antenna port included in the set, or having 
a type corresponding to one of the types in the set. Further
more, the wireless device performs channel estimation based 
on a second reference signal received from a second antenna 
port included in the set, or having a type corresponding to one 
of the types in the set, wherein the channel estimation is 
performed using at least the estimated channel properties. 

13 Claims, 12 Drawing Sheets 

~ 
850 s(('J>)) 

5860 
. CRS1,DMRS11-12 

□ +---- 5880 
CRSO 7RS MRS e 

830S~ ~::~ ~?6 812 S---
1, ~_j --~,20ss10 j 

820-S\(<9>)1 840 D ')~s 810 

A ~5 ~ --- ~,DMRS 9-10 ") 

.__ _ ___,.: CSI-RS 17,18 t95 890 

CSI-RS 19,20 l, ..... _ -------~ 

Ex.1016 
APPLE INC. / Page 1 of 25 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US 8,964,632 B2 
Page 2 

(56) References Cited 

OTHER PUBLICATIONS 

St-Ericsson et al., "Geographically separated antenna and impact on 
CSI estimation," 3GPP Draft, R4-120679, Geographically Separated 
Antennas v2, 3rd Generation Partnership Project (3GPP), Mobile 
Competence Centre, 650 Route des Lucioles, F-06921 Sophia
Antipolis Cedex, France, TSG RAN WG4 meeting #62, Dresden, 
Germany, Feb. 6-9, 2012, XP050568289. 
Ericsson et al., "Discussion on Antenna Ports Co-location," 3GPP 
Draft, Rl-121026 Ports Colation, 3rd Generation Partnership Project 
(3GPP), Mobile Competence Centre, 650 Route des Lucioles, 
F-06921 Sophia-Antipolis Cedex, France, TSG RAN WG4, Jeju, 
Korea, Mar. 26-30, 2012, XP050599267. 
3GPP TS 36.211 Vl0.2.0 (Jun. 2011), Technical Specification; "3rd 
Generation Partnership Project; Technical Specification Group 

Radio Access Network; Evolved Universal Terrestrial Radio Access 
(E-UTRA); Physical Channels and Modulation (Release 10)"; 4 
Advanced LTE, 3 GPP; Jun. 2011; pp. 1-103; Valbonne, France. 
3GPP TS 36.212 Vl0.2.0 (Jun. 2011), Technical Specification; "3rd 
Generation Partnership Project; Technical Specification Group 
Radio Access Network; Evolved Universal Terrestrial Radio Access 
(E-UTRA); Multiplexing and channel coding (Release 10)"; 4 
Advanced LTE, 3 GPP; Jun. 2011; pp. 1-178; Valbonne, France. 
3GPP TS 36.213 Vl0.2.0 (Jun. 2011), Technical Specification; "3rd 
Generation Partnership Project; Technical Specification Group 
Radio Access Network; Evolved Universal Terrestrial Radio Access 
(E-UTRA); Physical layer procedures (Release 10)"; 4 Advanced 
LTE, 3 GPP; Jun. 2011; pp. 1-120; Valbonne, France. 
International Preliminary Report on Patentability in corresponding 
International Application No. PCT/SE2013/050081 mailed Jun. 3, 
2014. 

* cited by examiner 

Ex.1016 
APPLE INC. / Page 2 of 25 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Feb.24,2015 Sheet 1 of 12 US 8,964,632 B2 

ONE RESOURCE ELEMENT 

ONE OFDM SYMBOL INCLUDING CP 

FIG.1 

#0 #1... #9 
◄------------------------------------------------------------~ 

RADIO FRAME (TFRAME = 10 ms) 

FIG. 2 

Ex.1016 
APPLE INC. / Page 3 of 25 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Feb.24,2015 Sheet 2 of 12 

CV') 

Q) 
I... 

:::J 
0) 

LL 

US 8,964,632 B2 

Ex.1016 
APPLE INC. / Page 4 of 25 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


on
e 

pa
tte

rn
 

2 
C

S
I-

R
S

 p
o

rt
s 

( 
4 

C
S

I-
R

S
 p

o
rt

s 

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

1
~

1
 

12
 

13
 

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

F
l 

C
R

S
 

L
J 

po
rt

#1
,2

 
[]

 

: 0
-1: ·

i-1
::::

::,1
· o

:1-
:1

: 
.
.
.
.
.
.
.
.
.
.
 

C
R

S
 

po
rt

#3
,4

 

:o-
i:-

1-

~
 D

M
R

S
(R

el
-8

) 
po

rt
#5

, 
if

 c
on

fig
ur

ed
 

: i
i :3

: l{
::1

:-2
-t-

3 .
 

. 
f .

..
..

. 
t .

. 

::2
l~

 

IT
m

 D
M

R
S

 
llW

 (
R

el
-9

/1
0)

 
□
 P

D
C

C
H

 

Fi
gu

re
 4

 

8 
C

S
I-

R
S

 p
o

rt
s 

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

□
 P

O
S

C
H

 

~
 

0
0

 
• ~
 

~
 
~
 

~
 =
 

~
 

"f
'j 

('
D

 ?'
 

N
 

~ ... N
 

0 .... U
l 

rJ
J = ('D ('

D
 .....
 
~
 

0 .... .... N
 d r.,;
_ 

0
0

 
\0

 
0-

-,
 

~
 

O
'I w
 

N
 =
 

N
 

Ex.1016 
APPLE INC. / Page 5 of 25 

f  

F
in

d
 a

u
th

e
n
ti
c
a
te

d
 c

o
u
rt

 d
o
c
u
m

e
n
ts

 w
it
h
o
u
t 

w
a
te

rm
a
rk

s
 a

t 
d
o
c
k
e
ta

la
rm

.c
o
m

. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

  Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
  With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

  Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
  Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

  Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


