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1. My name is Ma Wei. I am a Standard Engineer at ZTE Corporation. I have
been employed by ZTE Corporation since 2008.

2. Since 2008, I have served as one of ZTE’s delegates to the Third Generation
Partnership Project (“3GPP”) in subgroups of 3GPP’s Technical Specification
Group - Radio Access Network (“TSG-RAN") known as Working Group 2
(“WG2”) and Working Group 5 (“WGS5”).

3. In 2008, I attended WG2’s meetings and subscribed to WG2’s reflector list
(3GPP_TSG_RAN_WG2@list.etsi.org), through which I both sent and received e-
mail messages. Since at least early 2009, I have also attended WGS5’s meetings
and subscribed to WGS5’s reflector list, through which I have sent and received
hundreds of e-mail messages. In general, before each Working Group meeting that
I attended, I received e-mail messages from delegates of other companies through
that group’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.
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4.  As a3GPP delegate, I sent e-mail messages submitting technical documents
on ZTE’s behalf to WG2’s and WGS5’s reflector lists before the meeting for which
the documents were submitted for discussion. I also uploaded technical documents
to 3GPP’s publicly available website before the meeting for which the technical
documents were submitted for discussion.

5. As a delegate for WG2, T have also regularly accessed the location on
3GPP’s website storing technical documents submitted to WG2. That location is
available at the uniform resource identifier
<http://www.3gpp.org/fip/tsg_ran/WG2_RL2/>, which I refer to in this declaration
as “WG2’s public directory.” Since February 2008, I accessed WG2’s public
directory in several ways, such as, for example, by entering the uniform resource
identifier of WG2’s public directory into an Internet browser and by accessing
3GPP’s homepage <http://www.3gpp.org> and then navigating (o the uniform
resource identifier of WG2’s public directory. Regardless of which method I used
to access WG2’s public directory, I never encountered a password requirement or
any other restriction that would prevent me or a member of the general public from
accessing WG2’s public directory or any intermediate location. Based on my 7
years of experience as a 3GPP delegate, since 2008 to the present, any member of
the public could freely access WG2’s public directory, browse it, and download

technical documents stored to it without restriction.
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6. As a delegate for WG2, T also routinely consulted 3GPP technical
specifications. In my experience, since I started as a delegate in 2008,
specifications have been made available on 3GPP’s website to any member of the
public without any restrictions. In preparing this declaration, I accessed the
location on 3GPP’s website where different versions of the technical specification
TS 36.321 are made available. That location is available at the uniform resource
identifier <http://www.3gpp.org/dynareport/36321.htm>, which I refer to in this
declaration as “3GPP’s public 36.321 specification site.” I accessed 3GPP’s public
36.321 specification site without any password or any other restriction. Attached
as Exhibit 1 is a true and correct copy of a printout of 3GPP’s public 36.321
specification site as I accessed it. Exhibit 1 provides links to the different versions
of TS 36.321, along with dates on which those versions were made available to the
public. For example, Exhibit 1 provides a link to version 8.2.0 of TS 36.321 and
shows that this version was made available on June 17, 2008. Based on my 7 years
of experience as a 3GPP delegate, having routinely accessed versions of 3GPP
technical specifications shortly after they became available to me and members of
the public, I understand the June 17, 2008 date on Exhibit 1 to be accurate and
have no reason to dispute its accuracy.

7. In preparing this declaration, I selected the link to version 8.2.0, which

initiated a download of a ZIP file titled “36321-820.zip.” I opened that ZIP file
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and found a single Word file titled “36321-820.doc.” Attached as Exhibit 2 is a
true and correct copy of that Word file. I recognize Exhibit 2 as the version 8.2.0
of 3GPP TS 36.321 that I had access to and had reviewed in June 2008 shortly
after it was released.

8. In preparing this declaration, I also accessed the location on 3GPP’s website
where different versions of the technical specification TS 36.300 are made
available. That location is available at the uniform resource identifier
<http://www.3gpp.org/dynareport/36300.htm>, which I refer to in this declaration
as “3GPP’s public 36.300 specification site.” I accessed 3GPP’s public 36.300
specification site without any password or any other restriction. Attached as
Exhibit 3 is a true and correct copy of a printout of 3GPP’s public 36.300
specification site as I accessed it. Exhibit 3 provides links to the different versions
of TS 36.300, along with dates on which those versions were made available to the
public. For example, Exhibit 3 provides a link to version 8.4.0 of TS 36.300 and
shows that this version was made available on March 20, 2008. Based on my 7
years of experience as a 3GPP delegate, having routinely accessed versions of
3GPP technical specifications shortly after they became available to me and
members of the public, I understand the March 20, 2008 date on Exhibit 3 to be

accurate and have no reason to dispute its accuracy.
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0. In preparing this declaration, I selected the link to version 8.4.0, which
initiated a download of a ZIP file titled “36300-840.zip.” I opened that ZIP file
and found a single Word file titled “36300-840.doc.” Attached as Exhibit 4 is a
true and correct copy of that Word file. Irecognize Exhibit 4 as the version 8.4.0
of 3GPP TS 36.300 that I had access to and had reviewed in March 2008 shortly
after it was released.

10. Tattended WG2 Meeting #61bis, which was held on March 31 to April 4,
2008, in Shenzhen, China. Before Meeting #61bis, delegates from companies
circulated technical documents for discussion at this meeting. During Meeting
#61bis, delegates also collaborated on and generated technical documents. All of
these documents were stored to a publicly available location on 3GPP’s website
that was and remains available at the uniform resource identifier
<www.3gpp.org/ftp/tsg_ran/WG2_RL2/TSGR2_61bis/Docs/>.

11.  In preparing this declaration, I accessed that location without any password
or any other restriction. Attached as Exhibit 5 is a true and correct copy of a
printout from that website as I accessed it. Exhibit 5 lists several ZIP files,

including R2-081764.zip, as shown in the following excerpt.

3/24/2008 7:45 PM 16259 R2-081762.zip

3/25/2008 5:35 AM 34197 R2-081763.zip

3/24/2008 10:39 PM 137378 R2-081764.zip

3/25/2008 5:38 AM 8158 R2-081765.zip

3/24/2008 10:41 PM 39028 R2-081766.zip
5
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(Ex. 5 at 6.) The text “R2-081764.zip” provides a link to a ZIP file titled R1-
081764.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
6.

12.  In the excerpt from the 3GPP website printout shown above, there is also a
date stamp (3/24/2008) to the left of the link to R2-081764.zip. Based on my 7
years of experience as a 3GPP delegate, having uploaded ZIP files to 3GPP’s
publicly available server, I understand this date stamp to mean that R2-081764.zip
was uploaded to 3GPP’s publicly available website on March 24, 2008 (before
Meeting #61bis), 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 24, 2008 and thereafter. I have no
reason to believe this date stamp is inaccurate.

13.  On April 23, 2008, after Meeting #61bis, I received an e-mail message from
ETSI employee Joern Krause through WG2’s reflector list. Attached as Exhibit 7
is a true and correct copy of Mr. Krause’s e-mail message as obtained from 3GPP’s
public e-mail website, which is available at <https://list.etsi.org/>, with which I
have become familiar as a 3GPP delegate. Like all other members of WG2, I
received this e-mail message along with an attached ZIP file, which enclosed a

Word document, a true and correct copy of which is attached as Exhibit 8.
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14.  Ideclare 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.

Date: March 22, 2016 M@t W(L\
Ma Wei
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Foreword

This Technical Specification has been produced by the 3" Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where:
x the first digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies the E-UTRA MAC protocol.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

* References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

¢ For a specific reference, subsequent revisions do not apply.

¢ For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2] 3GPP TR 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer
Procedures".

[3] 3GPP TS 36.322: “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Link Control
(RLC) protocol specification™.

(4] 3GPP TS 36.323: “Evolved Universal Terrestrial Radio Access (E-UTRA); Packet Data
Convergence Protocol (PDCP) Specification™.

[5] 3GPP TS 36.212: “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding”.

[6] 3GPP TS 36.214: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer;
Measurements”.

3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Active Time: time during which the UE monitors the PDCCH for a PDCCH-subframe. Section 5.7 defines the
conditions for which a subframe is included as part of Active Time.

Contention Resolution Timer: Specifies the number of consecutive PDCCH-subframe(s) during which the UE shall
monitor the PDCCH after the uplink message containing the C-RNTI MAC control element or the uplink message
associated with UE Contention Resolution Identity submitted from higher layer is transmitted.

DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure
3.1-1 below).

SAMSUNG 1017-0019
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< On Duration v Opportunity for DRX >

>

UE shall monitor

PDCCH

= DRX Cycle >

Figure 3.1-1: DRX Cycle

DRX Inactivity Timer: Specifies the number of consecutive PDCCH-subframe(s) after successfully decoding a
PDCCH indicating an initial UL or DL user data transmission for this UE.

DRX Retransmission Timer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL
retransmission is expected by the UE.

DRX Short Cycle Timer: This parameter specifies the number of consecutive subframe(s)the UE shall follow the short
DRX cycle after the DRX Inactivity Timer has expired.

HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL HARQ retransmission
is expected by the UE.

On Duration Timer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.

RA-RNTI: The Random Access RNTI is used on the PDCCH when Random Access Response messages are
transmitted. It unambiguously identifies which time-frequency resource was utilized by the UE to transmit the Random
Access preamble.

PDCCH-subframe: For FDD UE operation, this represents any subframe; for TDD, only downlink subframes.
NOTE: A timer is running once it is started, until it is stopped or until it expires.

NOTE: When defining On Duration Timer, DRX Inactivity Timer, DRX Retransmission Timer and Contention
Resolution Timer, PDCCH-subframes and subframes including DwPTS are considered as subframes
where the timer, if running, shall be updated.

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in
TR 21.905 [1].

BSR Buffer Status Report

C-RNTI Cell RNTI

CQl Channel Quality Indicator

E-UTRA Evolved UMTS Terrestrial Radio Access
E-UTRAN Evolved UMTS Terrestrial Radio Access Network
MAC Medium Access Control

PHR Power Headroom Report

P-RNTI Paging RNTI

RA-RNTI Random Access RNTI

RNTI Radio Network Temporary Identifier
SI-RNTI System Information RNTI

SR Scheduling Request

SRS Sounding Reference Symbols

TB Transport Block
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4 General

4 1 Introduction

The objective is to describe the MAC architecture and the MAC entity from a functional point of view.

4.2 MAC architecture

The description in this sub clause is a model and does not specify or restrict implementations.

RRC is in control of configuration of MAC.

4.2.1 MAC Entities

E-UTRA defines two MAC entities; one in the UE and one in the E-UTRAN. These MAC entities handle the following
transport channels:

- Broadcast Channel (BCH);

- Downlink Shared Channel (DL-SCH);
- Paging Channel (PCH);

- Uplink Shared Channel (UL-SCH);

- Random Access Channel(s) (RACH).

The exact functions performed by the MAC entities are different in the UE from those performed in the E-UTRAN.

4.3 Services

4.3.1 Services provided to upper layers
This clause describes the different services provided by MAC sublayer to upper layers.
- data transfer

- radio resource allocation

4.3.2  Services expected from physical layer
The physical layer provides the following services to MAC:

- data transfer services;

- signalling of HARQ feedback;

- signalling of Scheduling Request;

- measurements (e.g. Channel Quality Indication (CQI)).

The access to the data transfer services is through the use of transport channels. The characteristics of a transport
channel are defined by its transport format (or format set), specifying the physical layer processing to be applied to the
transport channel in question, such as channel coding and interleaving, and any service-specific rate matching as
needed.

SAMSUNG 1017-0021
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4.4

Functions

The following functions are supported by MAC sublayer:

NOTE:

mapping between logical channels and transport channels;

3GPP TS 36.321 V8.2.0 (2008-05)

multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to

the physical layer on transport channels;

demultiplexing of MAC SDUs from one or different logical channels from transport blocks (TB) delivered from

the physical layer on transport channels;

scheduling information reporting;

error correction through HARQ;

priority handling between UEs by means of dynamic scheduling;
priority handling between logical channels of one UE;

Logical Channel prioritisation;

transport format selection.

How the multiplexing relates to the QoS of the multiplexed logical channels is FFS.

The location of the different functions and their relevance for uplink and downlink respectively is illustrated in Table

4.4-1,

4.5

Table 4.4-1: MAC function location and link direction association.

MAC function UE
Mapping between logical channels and transport channels X
Multiplexing X
Demuiltiplexing X
Error correction through HARQ X

Transport Format Selection

Priority handling between UEs

Priority handling between logical channels of one UE
Logical Channel prioritisation

Scheduling information reporting

> X

Channel structure

eNB

XX XX X X X

Downlink

X

HKX XXX XX

Uplink
X
X
X

HKAHXHKHXH XXX

The MAC sublayer operates on the channels defined below; transport channels are SAPs between MAC and Layer 1,
logical channels are SAPs between MAC and RLC.

451 Transport Channels

The transport channels used by MAC are described in Table 4.5.1-1 below.

Table 4.5.1-1: Transport channels used by MAC

Transport channel name  Acronym  Downlink

Broadcast Channel BCH
Downlink Shared Channel DL-SCH
Paging Channel PCH
Uplink Shared Channel UL-SCH
Random Access Channel RACH

3GPP
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4.5.2 Logical Channels

The MAC layer provides data transfer services on logical channels. A set of logical channel types is defined for
different kinds of data transfer services as offered by MAC.

Each logical channel type is defined by what type of information is transferred.

MAC provides the control and traffic channels listed in Table 4.5.2-1 below. When MAC uses the PDCCH to indicate
radio resource allocation, the RNTI that is mapped on the PDCCH depends on the logical channel type:

- C-RNTI, Temporary C-RNTI and Semi-Persistent Scheduling C-RNTI for DCCH and DTCH;
- P-RNTI for PCCH;

- RA-RNTI for Random Access Response on DL-SCH;

- Temporary C-RNTI for CCCH during the random access procedure;

- SI-RNTI for BCCH.

Table 4.5.2-1: Logical channels provided by MAC.

Logical channel name Acronym Control channel Traffic channel
Broadcast Control Channel BCCH X
Paging Control Channel PCCH X
Common Control Channel CCCH X
Dedicated Control Channel DCCH X
Dedicated Traffic Channel DTCH X

4.5.3 Mapping of Transport Channels to Logical Channels

The mapping of logical channels on transport channels depends on the multiplexing that is configured by RRC.

4.53.1 Uplink mapping

The MAC entity is responsible for mapping logical channels for the uplink onto uplink transport channels. The uplink
logical channels can be mapped as described in Figure 4.5.3.1-1 and Table 4.5.3.1-1.

CCCH DCCH DTCH

e e W Uplink

Logical channels

Uplink
Transport channels

RACH UL-SCH

Figure 4.5.3.1-1

Table 4.5.3.1-1: Uplink channel mapping.

Transport channel UL-SCH RACH
Logical channel

CCCH X
DCCH X
DTCH X

SAMSUNG 1017-0023
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Downlink mapping

The MAC entity is responsible for mapping the downlink logical channels to downlink transport channels. The
downlink logical channels can be mapped as described in Figure 4.5.3.2-1 and Table 4.5.3.2-1,

PCCH BCCH CCCH DCCH DTCH

8 _ Downlink
CO--C Dy - Logical channels

Downlink

Transport channels
PCH BCH DL-SCH

Figure 4.5.3.2-1

Table 4.5.3.2-1: Downlink channel mapping.

Transport channel BCH PCH DL-SCH
Logical channel

BCCH X X
PCCH X

CCCH X
DCCH X
DTCH X

5.1

5.1.1

MAC procedures

Random Access procedure

Random Access Procedure initialization

The Random Access procedure described in this subclause is initiated by a PDCCH order or by the MAC sublayer
itself. The PDCCH order or RRC optionally indicate a Random Access Preamble and PRACH resource.

Before the procedure can be initiated, the following information is assumed to be available:

- the available set of PRACH resources for the transmission of the Random Access Preamble and their
corresponding RA-RNTIs.

the thresholds required for selecting one of the two groups of Random Access Preambles.
the parameters required to derive the TTI window described in subclause 5.1.4.

the power-ramping factor POWER_RAMP_STEP.

- the parameter PREAMBLE_TRANS MAX [integer > 0].

- the initial preamble power PREAMBLE _INITIAL_RECEIVED _TARGET POWER.

- the parameter Maximum number of Message3 HARQ transmissions.

the groups of Random Access Preambles and the set of available Random Access Preambles in each group.

[Note that the above parameters may be updated from higher layers before each Random Access procedure is initiated.]

3GPP
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The Random Access procedure shall be performed as follows:

Flush the [Message3] buffer;
set the PREAMBLE TRANSMISSION COUNTER to 1;
set the backoff parameter value in the UE to 0 ms;

proceed to the selection of the Random Access Resource (see subclause 5.1.2).

NOTE: There is only one Random Access procedure ongoing at any point in time. If the UE receives a request for

a new Random Access procedure while another is already ongoing, it is up to UE implementation whether
to continue with the ongoing procedure or start with the new procedure.

512 Random Access Resource selection

The Random Access Resource procedure shall be performed as follows:

If the Random Access Preamble and PRACH resource have been explicitly signalled and the Random Access
Preamble expiration time, if configured, has not expired:

- the UE can directly proceed to the transmission of the Random Access Preamble (see subclause 5.1.3).
else the Random Access Preamble shall be selected by the UE as follows:

- Ifthe uplink message containing the C-RNTI MAC control element or the uplink message including the
CCCH SDU has not yet been transmitted, the UE shall:

- depending on the size of the message to be transmitted on the UL or the requested resource blocks [FFS]
[the selection also depends on radio conditions], select one of the two groups of Random Access
Preambles configured by RRC.

- else, if the uplink message containing the C-RNTI MAC control element or the uplink message including the
CCCH SDU is being retransmitted, the UE shall:

- select the same group of Random Access Preambles as was used for the preamble transmission attempt
corresponding to the first transmission of the uplink message containing the C-RNTI MAC control
element or the uplink message including the CCCH SDU.

- randomly select a Random Access Preamble within the selected group. The random function shall be such
that each of the allowed selections can be chosen with equal probability:

- if more than one PRACH resources are available in the same subframe (TDD), randomly select one. The
random function shall be such that each of the allowed selections can be chosen with equal probability;

- proceed to the transmission of the Random Access Preamble (see subclause 5.1.3).

51.3 Random Access Preamble transmission

The random-access procedure shall be performed as follows:

If PREAMBLE _TRANSMISSION COUNTER = PREAMBLE TRANS MAX + 1:

- indicate a Random Access problem to upper layers.

[- set the parameter PREAMBLE RECEIVED TARGET POWER to

PREAMBLE_INITIAL RECEIVED TARGET POWER + (PREAMBLE_TRANSMISSION COUNTER-1) *
POWER_RAMP_STEP;]

determine the next available Random Access occasion;

instruct the physical layer to transmit a preamble using the selected PRACH resource, corresponding RA-RNTI,
preamble index and PREAMBLE _RECEIVED _TARGET POWER.

SAMSUNG 1017-0025
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514 Random Access Response reception

Once the Random Access Preamble is transmitted, the UE shall monitor the PDCCH associated with the RA-RNTI
defined below in the TTI window [RA_WINDOW_BEGIN—RA WINDOW_END] for Random Access Response(s)
identified by the RA-RNTI. The RA-RNTI associated with the PRACH resource in which the Random Access
Preamble is transmitted, is computed as:

RA-RNTI=t_id+10*f id

Where t_id is the index of the first subframe of the specified PRACH resource (0<t id <10), and f id is the index of the
specified PRACH resource within that subframe, in ascending order of frequency domain (0< f _id< 6). The UE may
stop monitoring for Random Access Response(s) after successful reception of a Random Access Response
corresponding to the Random Access Preamble transmission.

- Ifnotification of a reception of the Random Access Response is received from lower layers, the UE shall:
- ifthe Random Access Response contains a Backoff Indicator subheader:

- set the backoff parameter value in the UE as indicated by the Bl field of the Backoff Indicator subheader
and Table 7.2-1.

- else, set the backoff parameter value in the UE to 0 ms.

- ifthe Random Access Response contains a Random Access Preamble identifier corresponding to the
transmitted Random Access Preamble (see subclause 5.1.3), the UE shall:

- consider this Random Access Response reception successful;

- process the received Timing Alignment value (see subclause 5.2);

- process the received UL grant value;

- if the Random Access Preamble was explicitly signalled (i.e., not selected by MAC):
- consider the Random Access procedure successfully completed.

- else, if the Random Access Preamble was selected by UE MAC:

- set the Temporary C-RNTI to the value received in the Random Access Response message no later
than at the time of the first transmission corresponding to the UL grant provided in the Random
Access Response message;

- ifthis is the first successfully received Random Access Response within this Random Access
procedure:

- ifthe UE is in RRC CONNECTED state [except for RLF], indicate to the Multiplexing and
assembly entity to include a C-RNTI MAC control element in the subsequent uplink transmission;

- obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity and store it in the
[Message3] buffer.

NOTE: When an uplink transmission is required, e.g., for contention resolution, the eNB should not provide a
grant smaller than 80 bits in the Random Access Response.

NOTE: If within a Random Access procedure, an uplink grant provided in the Random Access Response for the
same group of Random Access Preambles has a different size than the first uplink grant allocated during
that Random Access procedure, the UE behavior is not defined.

If no Random Access Response is received within the TTI window [RA_WINDOW_ BEGIN—RA_WINDOW_END],
or if all received Random Access Responses contain Random Access Preamble identifiers that do not match the
transmitted Random Access Preamble, the Random Access Response reception is considered not successful and the UE
shall:

- if the Random Access procedure was initiated by the MAC sublayer itself; or

SAMSUNG 1017-0026
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- if the Random Access procedure was initiated by a PDCCH order and the
PREAMBLE TRANSMISSION COUNTER is less than PREAMBLE TRANS MAX:
- increment PREAMBLE_TRANSMISSION_COUNTER by 1;
- if in this Random Access procedure:
- the Random Access Preamble was selected by MAC; or

- the Random Access Preamble and PRACH resource were explicitly signalled and will expire before the
next available Random Access occasion:

- based on the backoff parameter in the UE, compute and apply a backoff value indicating when a new
Random Access transmission shall be attempted;

- proceed to the selection of a Random Access Resource (see subclause 5.1.2).

Editor’s note: Whether error conditions are specified is FFS.

5.1.5  Contention Resolution
Contention Resolution is based on C-RNTI on PDCCH and UE Contention Resolution Identity on DL-SCH..

Once the uplink message containing the C-RNTI MAC control element or the uplink message including the CCCH
SDU is transmitted, the UE shall:

- start the Contention Resolution Timer;

- monitor the PDCCH until the Contention Resolution Timer expires;

- if' notification of a reception of a PDCCH transmission is received from lower layers, the UE shall:
- ifthe C-RNTI MAC control element was included in uplink message:

- if the Random Access procedure was initiated by the MAC sublayer itself and the PDCCH transmission is
addressed to the C-RNTI and contains an UL grant; or

- if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is
addressed to the C-RNTI:

consider this Contention Resolution successful;

stop the Contention Resolution Timer;

discard the Temporary C-RNTI;
- consider this Random Access procedure successfully completed.

- else if the uplink message includes the CCCH SDU and the PDCCH transmission is addressed to its
Temporary C-RNTI:

- ifthe MAC PDU is successfully decoded:
- stop the Contention Resolution Timer;
- if the MAC PDU contains a UE Contention Resolution Identity MAC control element; and

- ifthe UE Contention Resolution Identity included in the MAC control element matches the CCCH
SDU transmitted in the uplink message:

- consider this Contention Resolution successful and finish the disassembly and demultiplexing of
the MAC PDU;

- set the C-RNTI to the value of the Temporary C-RNTI;

- consider this Random Access procedure successfully completed.

SAMSUNG 1017-0027
3GPP



Release 8 15 3GPP TS 36.321 V8.2.0 (2008-05)

- else

- consider this Contention Resolution not successful and discard the successfully decoded MAC
PDU.

- discard the Temporary C-RNTI.
- if the Contention Resolution Timer expires:
- consider the Contention Resolution not successful.
- if the Contention Resolution is considered not successful the UE shall:
- if the Random Access procedure was initiated by the MAC sublayer itself; or

- ifthe Random Access procedure was initiated by a PDCCH order and the
PREAMBLE TRANSMISSION COUNTER is less than PREAMBLE TRANS MAX:

- increment PREAMBLE TRANSMISSION COUNTER by I;

- based on the backoff parameter in the UE, compute and apply a backoff value indicating when a new
Random Access transmission shall be attempted;

- proceed to the selection of a Random Access Resource (see subclause 5.1.2).

- discard the Temporary C-RNTI.

5.1.6 Completion of the Random Access procedure
At successful completion of the Random Access procedure, the UE shall:
- ifthe PREAMBLE _TRANSMISSION COUNTER is greater than PREAMBLE TRANS MAX:

- indicate recovery from a Random Access problem to upper layers.

5.2 Maintenance of Uplink Time Alignment

The UE has a configurable Time Alignment Timer. The Time Alignment Timer is valid only in the cell for which it was
configured and started.

If the Time Alignment Timer has been configured, the UE shall:
- when a Timing Advance MAC control element is received:
- apply the Timing Advance Command;
- start the Time Alignment Timer (if not running) or restart the Time Alignment Timer (if already running).
- when a Time Alignment Command is received in a Random Access Response message:
- if the Random Access Preamble and PRACH resource were explicitly signalled:
- apply the Time Alignment Command;
- start the Time Alignment Timer (if not running) or restart the Time Alignment Timer (if already running).
- else, if the Time Alignment Timer is not running or has expired:
- apply the Time Alignment Command;
- start the Time Alignment Timer;

- when the contention resolution is considered not successful as described in subclause 5.1.5, stop the Time
Alignment Timer.

- else:
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- ignore the received Time Alignment Command.
- when the Time Alignment Timer has expired or is not running:

- prior to any uplink transmission, use the Random Access procedure (see subclause 5.1) in order to obtain
uplink Time Alignment.

- when the Time Alignment Timer expires:
- release all PUCCH resources;

- release any assigned SRS resources.

5.3 DL-SCH data transfer

Editor’s note: Current text applies to, at least, FDD.

5.3.1 DL Assignment reception

Editor’s note: A downlink assignment can relate to one or two (MIMO) TBs. It is FFS how this information is
presented to MAC.

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, Temporary C-RNTI or RA-RNTI, the UE shall for
each TTI during Active Time, for each TTI when a Random Access Response or Contention Resolution is expected and
for each TTI for which a DL assignment has been configured:

- if'a downlink assignment for this TTI has been received on the PDCCH for the UE’s C-RNTI, Temporary
C-RNTI or RA-RNTTI:

- indicate a downlink assignment and the associated HARQ information to the HARQ entity for this TTI.
- else, if a downlink assignment for this TTI has been configured:

- indicate a downlink assignment, for a new transmission, and the associated HARQ information to the HARQ
entity for this TTI.

When the UE needs to read BCCH, the UE shall:
- ifa downlink assignment for this TTI has been received on the PDCCH for the SI-RNTI;
- indicate a downlink assignment for the dedicated broadcast HARQ process to the HARQ entity for this TTI.
NOTE: Downlink assignments for both C-RNTI and SI-RNTI can be received in the same TTI.
Editor’s note: L1 is configured, as needed, by upper layers or MAC [FFS] to monitor PDCCH for C-RNTI, and by
MAC to monitor PDCCH for Temporary C-RNTI and RA-RNTI.
53.2 HARQ operation

5.3.2.1 HARQ Entity

There is one HARQ entity at the UE which processes the HARQ process identifiers indicated by the HARQ information
associated with TBs received on the DL-SCH and directs the received data to the corresponding HARQ process for
reception operations (see subclause 5.3.2.2).

A number of parallel HARQ processes are used in the UE to support the HARQ entity. [The number of HARQ
processes is FFS].

If a downlink assignment has been indicated or configured for this TTI, the UE shall:
- allocate the received TB to the HARQ process indicated by the associated HARQ information.

If a downlink assignment has been indicated for the broadcast HARQ process, the UE shall:
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- allocate the received TB to the broadcast HARQ process.

NOTE: In case of BCCH a dedicated broadcast HARQ process is used.

53.22 HARQ process

For each received TB:

- if the NDI, when provided, has been incremented compared to the value of the previous received transmission
for this HARQ process; or

- if'the HARQ process is equal to the broadcast process and the physical layer indicates a new transmission; or
- if'this is the very first received transmission for this HARQ process:

- anew transmission is indicated for this HARQ process.
- else, a retransmission is indicated for this HARQ process.

The UE then shall:

- if'a new transmission is indicated for this HARQ process:

- replace the data currently in the soft buffer for this HARQ process with the received data.
- if'a retransmission is indicated for this HARQ process:

- if the data has not yet been successfully decoded:

- combine the received data with the data currently in the soft buffer for this HARQ process.
- if'the TB size is different from the last valid TB size signalled for this HARQ process:
- the UE may replace the data currently in the soft buffer for this HARQ process with the received data.

- attempt to decode the data in the soft buffer;
- ifthe data in the soft buffer was successfully decoded:

- if the HARQ process is equal to the broadcast process, deliver the decoded MAC PDU to RRC.

- else, deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

- generate a positive acknowledgement (ACK) of the data in this HARQ process.
- else:

- generate a negative acknowledgement (NACK) of the data in this HARQ process.
- ifthe HARQ process is associated with a transmission indicated with an RA-RNTI; or

- ifthe HARQ process is associated with a transmission indicated with a Temporary C-RNTI and a UE Contention
Resolution Identity match is not indicated; or

- ifthe HARQ process is equal to the broadcast process:
- do not indicate the generated positive or negative acknowledgement to the physical layer.
- else:

- indicate the generated positive or negative acknowledgement to the physical layer.

8933 Disassembly and demultiplexing

Editor’s note: This section describes the disassembly and demultiplexing of MAC PDUs into MAC SDUs.
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54 UL-SCH data transfer

Editor’s note: Current text applies to, at least, FDD.

54.1 UL Grant reception
When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI:
- if'an uplink grant for this TTI has been received on the PDCCH for the UE’s C-RNTI or Temporary C-RNTI; or
- ifan uplink grant for this TTI has been received in a Random Access Response:
- indicate a valid uplink grant and the associated HARQ information to the HARQ entity for this TTI.
- else, if an uplink grant for this TTI has been configured:

- indicate an uplink grant, valid for new transmission, and the associated HARQ information to the HARQ
entity for this TTL

NOTE: The period of configured uplink grants is expressed in TTIs.

NOTE: If the UE receives both a grant for its RA-RNTI and a grant for its C-RNTI, the UE may choose to
continue with either the grant for its RA-RNTI or the grant for its C-RNTI.

54.2 HARQ operation

5.4.21 HARQ entity

There is one HARQ entity at the UE. A number of parallel HARQ processes are used in the UE to support the HARQ
entity, allowing transmissions to take place continuously while waiting for the feedback on the successful or
unsuccessful reception of previous transmissions.

At a given TTL if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process for which a
transmission should take place. It also routes the receiver feedback (ACK/NACK information), MCS and resource,
relayed by the physical layer, to the appropriate HARQ process.

If TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. If a
transmission is indicated for the TTI, the HARQ entity identifies the HARQ process for which a transmission should
take place. The next TTI_BUNDLE_SIZE uplink TTIs are subsequently used for transmissions for the identified
HARQ process. HARQ retransmissions within a bundle shall be performed without waiting for feedback from previous
transmissions according to TTI_ BUNDLE_SIZE. The UE expects feedback only for the last transmission of a bundle.

For transmission of an uplink message containing the C-RNTI MAC control element or an uplink message including a
CCCH SDU during Random Access (see section 5.1.5) TTI bundling does not apply.

The number of HARQ processes is equal to [X] [FFS]. Each process is associated with a number from 0 to [X-1].
At the given TTI, the HARQ entity shall:

- ifan uplink grant indicating that the NDI has been incremented compared to the value in the previous
transmission of this HARQ process is indicated for this TTI or if this is the very first transmission for this HARQ
process (i.e. a new transmission takes place for this HARQ process):

- if there is an ongoing Random Access procedure and there isa MAC PDU in the [Message3] buffer:
- obtain the MAC PDU to transmit from the [Message3] buffer.

- else, if the "uplink prioritisation" entity indicates the need for a new transmission:
- obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;

- instruct the HARQ process corresponding to this TTI to trigger a new transmission using the identified
parameters.
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- else:
- flush the HARQ buffer.

- else, if an uplink grant, indicating that the NDI is identical to the value in the previous transmission of this
HARQ process (i.e. a retransmission takes place for this HARQ process), is indicated for this TTI:

- instruct the HARQ process to generate an adaptive retransmission.
- else, if the HARQ buffer of the HARQ process corresponding to this TTI is not empty:
- instruct the HARQ process to generate a non-adaptive retransmission.

NOTE: A retransmission triggered by the HARQ entity should be cancelled by the corresponding HARQ process
if it collides with a measurement gap or if a non-adaptive retransmission is not allowed.

5422 HARQ process
Each HARQ process is associated with a HARQ buffer.

Each HARQ process shall maintain a state variable CURRENT _TX_NB, which indicates the number of transmissions
that have taken place for the MAC PDU currently in the buffer. When the HARQ process is established,
CURRENT _TX_NB shall be initialized to 0.

The sequence of redundancy versions is defined to be 0, 2, 3, 1. The variable CURRENT _IRV provides a pointer to a
redundancy version in the defined set. This variable is up-dated modulo 4.

New transmissions and adaptive retransmisions are performed on the resource and with the MCS indicated on PDCCH,
while a non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last
made transmission attempt,

The UE is configured with a Maximum number of HARQ transmissions and a Maximum number of Message3 HARQ
transmissions by RRC. For transmissions on all HARQ processes and all logical channels except for transmission of a
MAC PDU stored in the [Message3] buffer, maximum number of transmissions shall be set to Maximum number of
HARQ transmissions. For transmission of a MAC PDU stored in the [Message3] buffer, maximum number of
transmissions shall be set to Maximum number of Message3 HARQ transmissions.

If the HARQ entity requests a new transmission, the HARQ process shall:
- set CURRENT TX NBto0;
- set CURRENT _IRV to 0;
- store the MAC PDU in the associated HARQ buffer;
- generate a transmission as described below.
If the HARQ entity requests a retransmission, the HARQ process shall:
- increment CURRENT TX NB by I;
- ifthere is no measurement gap at the time of the retransmission:
- for an adaptive retransmission:
- set CURRENT _IRV to the value corresponding to the redundancy version indicated on PDCCH;
- generate a transmission as described below.
- for a non-adaptive retransmission:
- ifthe last feedback for this HARQ process is a HARQ NACK:
- generate a transmission as described below.

NOTE: When receiving a HARQ ACK alone, the UE keeps the data in the HARQ buffer.

SAMSUNG 1017-0032
3GPP



Release 8 20 3GPP TS 36.321 V8.2.0 (2008-05)

To generate a transmission, the HARQ process shall:

- instruct the physical layer to generate a transmission with the redundancy version corresponding to the
CURRENT IRV value and the transmission timing;

- increment CURRENT IRV by 1;

- ifthere is a measurement gap at the time of the feedback for this transmission, consider the feedback coinciding
with the measurement gap to be a HARQ ACK.

The HARQ process shall:
- if CURRENT TX NB = maximum number of transmissions:
- flush the HARQ buffer;
- if the transmission corresponds to a transmission of CCCH; and

- if'the last feedback received (i.e., the feedback received for the last transmission of this process) is a
HARQ NACK:

- notify RRC that the transmission of the corresponding MAC SDU failed.
The HARQ process may:
- if CURRENT _TX_ NB = maximum number of transmissions configured; and

- if the last feedback received (i.e., the feedback received for the last transmission of this process) is a HARQ
NACK:

- notify the relevant ARQ entities in the upper layer that the transmission of the corresponding RLC PDUs
failed.
543 Multiplexing and assembly

Editor’s note: This subclause describes the procedure for creation of MAC SDUs including multiplexing of MAC
SDUs and creating the MAC header.
54.3.1 Logical channel prioritization
The Logical Channel Prioritization procedure is applied when a new transmission is performed.

RRC can control the scheduling of uplink data by giving each logical channel a priority where increasing priority values
indicate lower priority levels. In addition, each logical channel is given a Prioritized Bit Rate (PBR).

The UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:
- The UE shall allocate resources to the logical channels in the following sequence:

- all the logical channels are allocated resources in a decreasing priority order up to a value such that on
average, the served data rate for radio bearers that have data for transmission equals the configured PBR for
the radio bearer. If the PBR of a radio bearer is set to “infinity”, the UE shall allocate resources for all the
data that is available for transmission on the radio bearer before meeting the PBR of the lower priority radio
bearer(s);

- if any resources remain, all the logical channels are served in a strict decreasing priority order until either the
data for that logical channel or the UL grant is exhausted, whichever comes first.

- The UE shall also follow the rules below during the scheduling procedures above:

- the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the
whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources;

- ifthe UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill
the grant as much as possible;
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- the UE shall serve as much data as it can to fill the grant in general. However, if the remaining resources
require the UE to segment an RLC SDU with size smaller than x bytes or smaller than the L2 header size
(FFS), the UE may use padding to fill the remaining resources instead of segmenting the RLC SDU and
sending the segment.

Logical channels configured with the same priority shall be served equally the by UE.
MAC control elements for BSR, with exception of Padding BSR, have higher priority than U-plane Logical Channels.

At serving cell change, the first UL-DCCH MAC SDU to be transmitted in the new cell has higher priority than MAC
control elements for BSR.

5.4.3.2 Multiplexing of MAC SDUs

Editor’s note: This subclause describes the construction of MAC PDUs from MAC SDUs as prioritised and selected
by the Logical channel prioritisation entity.

544 Scheduling Request

The Scheduling Request (SR) is for requesting UL-SCH resources.
If an SR has been triggered, the UE shall for each TTI, until UL-SCH resources are granted for a new transmission:
- if no UL-SCH resources are available in this TTI:

- ifa PUCCH is configured for the UE to send an SR in this TTI, instruct the physical layer to signal the SR on
PUCCH:;

- ifno PUCCH for SR is configured for the UE in any TTI, initiate a Random Access procedure (see subclause
;1)

NOTE: A triggered SR is considered pending and is repeated until UL-SCH resources are granted for a new
transmission.

545  Buffer Status Reporting

The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data in
the UL buffers of the UE.

A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

- UL data arrives in the UE transmission buffer and the data belongs to a logical channel with higher priority than
those for which data already existed in the UE transmission buffer, in which case the BSR is referred below to as
“Regular BSR™;

- UL resources are allocated and number of padding bits is larger than the size of the Buffer Status Report MAC
control element, in which case the BSR is referred below to as “Padding BSR™;

- aserving cell change occurs, in which case the BSR is referred below to as “Regular BSR”;

- the PERIODIC BSR TIMER expires, in which case the BSR is referred below to as “Periodic BSR”.
For Regular and Periodic BSR:

- ifonly one LCG has buffered data in the TTI where the BSR is transmitted: report short BSR;

- else if more than one LCG has buffered data in the TTI where the BSR is transmitted: report long BSR.
For padding BSR:

- if'the number of padding bits is equal to or larger than the size of the Short BSR but smaller than the size of the
Long BSR, report Short BSR of the LCG with the highest priority logical channel with buffered data;

- else if the number of padding bits is equal to or larger than the size of the Long BSR, report Long BSR.
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If the Buffer Status reporting procedure determines that a BSR has been triggered since the last transmission of a BSR:
- if'the UE has UL resources allocated for new transmission for this TTI:
- instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element;
- restart the PERIODIC BSR TIMER.
- else if a Regular BSR has been triggered since the last transmission of a BSR:
- a Scheduling Request shall be triggered.

NOTE: Even if multiple events occur by the time a BSR can be transmitted, only one BSR will be included in the
MAC PDU.

A pending BSR shall be cancelled in case the UL grant can accommodate all pending data but is not sufficient to
accommodate the BSR MAC control element in addition.
5.4.6 Power Headroom Reporting

The Power Headroom reporting procedure is used to provide the serving eNB with information about the difference
between the UE TX power and the maximum UE TX power (for the positive values of the power headroom) and about
the difference between the maximum UE TX power and the calculated UE TX power, according to the UL power
control formula, when it exceeds the maximum UE TX power (for the negative values of the power headroom).

A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

- the PROHIBIT PHR_TIMER expires or has expired and the path loss has changed more than
DL _PathlossChange dB since the last power headroom report;

- the PERIODIC PHR TIMER expires, in which case the PHR is referred below to as *“Periodic PHR”.

If the Power Headroom reporting procedure determines that a PHR has been triggered since the last transmission of a
PHR:

- if the UE has UL resources allocated for new transmission for this TTI:
- obtain the value of the power headroom from the physical layer;

- instruct the Multiplexing and Assembly procedure to generate a PHR MAC control element based on the
value reported by the physical layer;

- if the PHR is a “Periodic PHR", restart the PERIODIC PHR TIMER;
- restart the PROHIBIT PHR TIMER.

NOTE: Even if multiple events occur by the time a PHR can be transmitted, only one PHR is included in the
MAC PDU.

Editor’s note: When periodic Power Headroom Reporting is configured, the first report should be included
immediately when the UE has a grant for a new transmission.

5.5 PCH reception

When in RRC_IDLE, the UE shall at its paging occasions:
- ifa PCH assignment has been received on the PDCCH for the P-RNTI:
- attempt to decode the TB on the PCH as indicated by the PDCCH information.
- ifa TB on the PCH has been successfully decoded:
- deliver the decoded MAC PDU to higher layers.
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5.6 BCH reception
When the UE needs to receive BCH, the UE shall:
- receive and attempt to decode the BCH;
- ifa TB on the BCH has been successfully decoded:

- deliver the decoded MAC PDU to higher layers.

5.7 Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that allows it to not continuously monitor the PDCCH.
The DRX functionality consists of a Long DRX cycle, a DRX Inactivity Timer, a DRX Retransmission Timer and
optionally a Short DRX Cycle and a DRX Short Cycle Timer, all defined in subclause 3.1.

When a DRX cycle is configured, the Active Time includes the time while:

- the On Duration Timer or the DRX Inactivity Timer or a DRX Retransmission Timer or the Contention
Resolution Timer is running; or

- a Scheduling Request is pending (as described in subclause 5.4.4); or
- an uplink grant for a retransmission can occur; or

- a PDCCH indicating a new transmission addressed to the C-RNTI or Temporary C-RNTI of the UE has not been
received after successful reception of a Random Access Response (as described in subclause 5.1.4).

When a DRX cycle is configured, the UE shall for each subframe:

- start the On Duration Timer when [(SFN * 10) + subframe number] modulo (current DRX Cycle) = DRX Start
Offset;

- ifa HARQ RTT Timer expires in this subframe and the data in the soft buffer of the corresponding HARQ
process was not successfully decoded:

- start the DRX Retransmission Timer for the corresponding HARQ process.
- ifa DRX Command MAC control element is received:

- stop the On Duration Timer;

- stop the DRX Inactivity Timer.
- if the DRX Inactivity Timer expires or a DRX Command MAC control element is received in this subframe:

- if'the short DRX cycle is configured:

- start the DRX Short Cycle Timer and use the Short DRX Cycle.
- else:
- use the Long DRX cycle.

- ifthe DRX Short Cycle Timer expires in this subframe:

- use the long DRX cycle.

- during the Active Time, for a PDCCH-subframe except if the subframe is required for uplink transmission for
half-duplex FDD UE operation:

- monitor the PDCCH;
- if the PDCCH indicates a DL transmission:

- start the HARQ RTT Timer for the corresponding HARQ process;
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- stop the DRX Retransmission Timer for the corresponding HARQ process.
- if the PDCCH indicates a new transmission (DL or UL):
- start or restart the DRX Inactivity Timer.

- ifa DL assignment has been configured for this subframe and no PDCCH indicating a DL transmission was
successfully decoded:

- start the HARQ RTT Timer for the corresponding HARQ process.
- when not in active time, CQI and SRS shall not be reported.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such
is expected.

5.8 MAC reconfiguration

Editor’s note: This subclause describes the procedure for handling reconfiguration of MAC parameters during
normal operation.

59 MAC Reset

Editor’s note: This subclause describes the procedure for resetting MAC [FFS]; e.g. at handover.

5.X Handling of unknown, unforeseen and erroneous protocol
data

Editor’s note: This subclause describes how MAC treats and acts on unexpected data.

Editor’s note: The subclause on “Handling of unknown, unforeseen and erroneous protocol data™ should be the last
subsection of Section “MAC procedures”.

6 Protocol Data Units, formats and parameters

6.1 Protocol Data Units

6.1.1 General

A MAC PDU is a bit string that is byte aligned (i.e. multiple of 8 bits) in length. In the figures in subclause 6.1, bit
strings are represented by tables in which the most significant bit is the leftmost bit of the first line of the table, the least
significant bit is the rightmost bit on the last line of the table, and more generally the bit string is to be read from left to
right and then in the reading order of the lines. The bit order of each parameter field within a MAC PDU is represented
with the first and most significant bit in the leftmost bit and the last and least significant bit in the rightmost bit.

MAC SDUs are bit strings that are byte aligned (i.e. multiple of 8 bits) in length. An SDU is included into a MAC PDU

from the first bit onward.

6.1.2 MAC PDU (DL-SCH and UL-SCH)

A MAC PDU consists of a MAC header, zero or more MAC Service Data Units (MAC SDU), zero, or more MAC
control elements, and optionally padding; as described in Figure 6.1.2-3.

Both the MAC header and the MAC SDUs are of variable sizes.
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A MAC PDU header consists of one or more MAC PDU sub-headers; each subheader corresponding to either a MAC
SDU, a MAC control element or padding.

A MAC PDU subheader consists of the six header fields R/R/E/LCID/F/L but for the last subheader in the MAC PDU
and for fixed sized MAC control elements. The last subheader in the MAC PDU and sub-headers for fixed sized MAC
control elements consist solely of the four header fields R/R/E/LCID. It follows that a MAC PDU subheader
corresponding to padding consists of the four header fields R/R/E/LCID.

| |
T T T T T 1 I 1 I T

1
T
E | LCID Oct 1

I
l R|R|E LCID Oct 1 R | R
‘ F L Oct 2 F L Oct 2
L Oct3
R/R/E/LCID/F/L sub-header with R/R/E/LCID/F/L sub-header with
7-bits L field 15-bits L field

Figure 6.1.2-1: R/R/E/LCID/F/L MAC subheader

| | | |
I 1 1 1
‘ R [ R | E ‘ LCID Oct 1

R/R/E/LCID sub-header

Figure 6.1.2-2: R/R/E/LCID MAC subheader

MAC PDU sub-headers have the same order as the corresponding MAC SDUs, MAC control elements and padding,

MAC control elements, except Padding BSR, are always placed before any MAC SDU. Padding BSR occurs at the end
of the MAC PDU.

Padding occurs at the end of the MAC PDU, except when single-byte or two-byte padding is required but cannot be
achieved by padding at the end of the MAC PDU.

When single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU, one
or two MAC PDU sub-headers corresponding to padding are inserted before the first MAC PDU subheader
corresponding to a MAC SDU; or if such subheader is not present, before the last MAC PDU subheader corresponding
to a MAC control element.

A maximum of one MAC PDU can be transmitted per TB per UE. [Depending on the physical layer category], one or
two TBs can be transmitted per TTI per UE.

RIR/E/LCID R/R/E/LCID[/FIL] R/R/EMLCID/FIL R/R/E/LCID/FIL it R/R/E/LCID/FIL | R/IR/E/LCID padding
sub-header sub-header sub-header sub-header sub-header sub-header
MAC Control | MAC Control Padding
MAC header alormant larnant 2 MAC SDU MAC SDU (opt)
- MAC payload >

Figure 6.1.2-3: MAC PDU consisting of MAC header, MAC control elements, MAC SDUs and padding
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Editor’s note: It is FFS whether this MAC PDU applies only to DL/UL SCH or also to other transport channels

6.1.3 MAC Control Elements

6.1.3.1 Buffer Status Report MAC Control Elements
Buffer Status Report (BSR) MAC control elements consist of either:
- Short BSR format: one LCG ID field and one corresponding BS field (figure 6.1.3.1-1); or
- Long BSR format: four Buffer Size fields, corresponding to LCG IDs #1 through #4 (figure 6.1.3.1-2).
The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1.-1.
The fields LCG ID and BS are defined as follow:

- LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) which buffer status is
being reported. The length of the field is 2 bits;

- Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a
logical channel group after the MAC PDU has been built. The amount of data is indicated in number of bytes. It
shall include all data that is available for transmission in the RLC layer and in the PDCP layer; the definition of
what data shall be considered as available for transmission is specified in [3] and [4] respectively. The size of
the RLC and MAC headers are not considered in the buffer size computation. The length of this field is 6 bits.
The values taken by the Buffer Size field are shown in [Table 6.1.2.1-1].

| | | | ] | | | |
I T I 1 I T 1 I 1

‘ LCGID | Buffer Size ‘ Oct 1

Figure 6.1.3.1-1: Short Buffer Status MAC control element

| ] | | | | | | I

. Buffer
Buffer Size #1 ‘ Size #2 Oct 1
Buffer Size #2 ‘ Buffer Size #3 Oct 2
Buffer .
Size #3 | Buffer Size #4 Oct 3

Figure 6.1.3.1-2: Long Buffer Status MAC control element

6.1.3.2 C-RNTI MAC Control Element
The C-RNTI MAC control element is identified by MAC PDU subheader with LCID as specified in table 6.2.1-2.
It has a fixed size and consists of a single field defined as follows (figure 6.1.3.2-1):

- C-RNTI: This field contains the C-RNTI of the UE. The length of the field is 16 bits.

e R AN S A
C-RNTI Oct 1

C-RNTI Oct 2

Figure 6.1.3.2-1: C-RNTI MAC control element

6.1.3.3 DRX Command MAC Control Element

The DRX Command MAC control element is identified by a MAC PDU subheader with LCID as specified in table
6.2.1-1.
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It has a fixed size of zero bits.

6.1.3.4 UE Contention Resolution Identity MAC Control Element

The UE Contention Resolution Identity MAC control element is identified by MAC PDU subheader with LCID as
specified in table 6.2.1-1. This control element has a fixed 48-bit size and consists of a single field defined as follows
(figure 6.1.3.4-1)

- UE Contention Resolution Identity: This field contains the uplink CCCH SDU transmitted by MAC.

UE Contention Resolution Identity Oct 1

UE Contention Resolution Identity Oct 2

UE Contention Resolution Identity Oct 3

UE Contention Resolution Identity Oct 4

UE Contention Resolution Identity Oct 5

UE Contention Resolution Identity Oct 6

Figure 6.1.3.4-1: UE Contention Resolution Identity MAC control element

6.1.3.5 Timing Advance MAC Control Element

The Timing Advance MAC control element is identified by MAC PDU subheader with LCID as specified in table
6.2.1-1.

It has a fixed size and consists of a single field defined as follows (figure 6.1.3.4-1):

- Timing Advance: This field indicates the amount of timing adjustment in 0.5 s that UE has to apply. The length
of the field is [8] bits.

Timing Advance Oct 1

Figure 6.1.3.5-1: Timing Advance MAC control element

Editor’s note: Whether all 8 bits are needed and what the value range is are FFS.

6.1.3.6 Power Headroom MAC Control Element

The Power Headroom MAC control element is identified by a MAC PDU subheader with LCID as specified in table
6.2.1-1. It has a fixed size and consists of a single octet defined as follows (figure 6.1.3.6-1):

- R:reserved bits;
- Power Headroom: this field indicates the power headroom. The length of the field is 6 bits.

| | | | | | | | |
I I I I T I I I 1

R | R Power Headroom QOct 1

Figure 6.1.3.5-1: Power Headroom MAC control element
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6.1.4 MAC PDU (transparent MAC)

A MAC PDU consists solely of a MAC Service Data Unit (MAC SDU) whose size is aligned to a TB; as described in

figure 6.1.4-1.

3GPP TS 36.321 V8.2.0 (2008-05)

MAC SDU

Figure 6.1.4-1: MAC PDU (transparent MAC)

6.1.5 MAC PDU (Random Access Response)

A MAC PDU consists of a MAC header and one or more MAC Random Access Responses (MAC RAR) as described

in figure 6.1.5-4.

The MAC header is of variable size.

<4——————————MAC payload—— >

A MAC PDU header consists of one or more MAC PDU sub-headers; each subheader corresponding to a MAC RAR
except for the Backoff Indicator sub-header.

A MAC PDU subheader consists of the three header fields E/T/RAPID (as described in figure 6.1.5-1) but for the
Backoff Indicator subheader which consists of the five header field E/T/R/R/BI (as described in figure 6.1.5-2).

A MAC RAR consists of the three fields TA/UL Grant/Temporary C-RNTI (as described in figure 6.1.5-3)

| | | | | | |
T T I I T T 1

|
T
E ‘ T [ RAPID Oct 1

Figure 6.1.5-1: E/T/RAPID MAC sub-header

| | |
T T T
‘T R‘R

| | | |
T T L 1

BI ‘OCH

}
E

|
1

Figure 6.1.5-2: E/T/R/R/BI MAC sub-header

TA Oct 1

TA UL Grant Oct 2
UL Grant Qct 3

UL Grant Oct 4
Temporary C-RNTI Oct 5
Temporary C-RNTI Oct 6

Figure 6.1.5-3: MAC RAR
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E/RIRAPID E/RIRAPID E/R/RAPID
subheader 1 subheader 2 b subheader n
MAC header MAC RAR 1 | MAC RAR 2 .- MAC RAR n
44— MAC payload >

Figure 6.1.5-4: MAC PDU consisting of a MAC header and MAC RARs

6.2 Formats and parameters

6.2.1 MAC header for DL-SCH and UL-SCH

The MAC header is of variable size and consists of the following fields:

- LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or
the type of the corresponding MAC control element or padding as described in tables 6.2.1-1 and 6.2.1-2 for the
DL and UL-SCH respectively. There is one LCID field for each MAC SDU, MAC control element or padding
included in the MAC PDU. The LCID field size is 5 bits;

- L: The Length field indicates the length of the corresponding MAC SDU or MAC control element in bytes.
There is one L field per MAC PDU subheader except for the last subheader and sub-headers corresponding to
fixed-sized MAC control elements. The size of the L field is indicated by the F field;

- F: The Format field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F field per
MAC PDU subheader except for the last subheader and sub-headers corresponding to fixed-sized MAC control
elements. The size of the F field is 1 bit. If the size of the MAC SDU or MAC control element is less than 128
bytes, the UE shall set the value of the F field to 0, otherwise the UE shall set it to 1;

- E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set
to "1" to indicate another set of at least R/R/E/LCID fields. The E field is set to "0" to indicate that either a MAC
SDU, a MAC control element or padding starts at the next byte;

- R: Reserved bits.

The MAC header and sub-headers are octet aligned.

Table 6.2.1-1 Values of LCID for DL-SCH

Index LCID values

00000 CCCH
00001-xxxxx Identity of the logical channel
xxxxx-11011 Reserved

11100 UE Contention Resolution Identity

11101 Timing Advance

11110 DRX Command

11111 Padding
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Table 6.2.1-2 Values of LCID for UL-SCH

Index LCID values

00000 CCCH
00001-yyyyy Identity of the logical channel
yyyyy-11010 Reserved

11011 Power Headroom Report

11100 C-RNTI

11101 Short Buffer Status Report

11110 Long Buffer Status Report

11111 Padding

Table 6.2.1-3 Values of F field:

Index Size of Length field (in bits)
0 7
1 15

Editor’s note: It is FFS whether this MAC header applies only to DL/UL SCH or also to other transport channels.

Editor’s note: xxxxx and yyyyy are FFS

6.2.2 MAC header for Random Access Response

The MAC header is of variable size and consists of the following fields:

E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set
to "1" to indicate another set of at least E/T/RAPID or E/T/R/R/BI fields. The E field is set to "0" to indicate that
a MAC RAR starts at the next byte;

T: The Type field is a flag indicating whether the MAC subheader contains a Random Access ID or a Backoff
Indicator. The T field is set to *“0” to indicate the presence of a Backoff Indicator field in the subheader (Bl). The
T field is set to *“1” to indicate the presence of a Random Access Preamble 1D field in the subheader (RAPID);

R: Reserved bit;
BI: The Backoff Indicator field identifies the overload condition in the cell. The size of the Bl field is 4 bits;

RAPID: The Random Access Preamble IDentitfier field identifies the transmitted Random Access Preamble (see
subclause 5.1.3). The size of the RAPID field is 6 bits.

The MAC header and sub-headers are octet aligned.

6.2.3 MAC payload for Random Access Response

The MAC RAR is of [fixed] size and consists of the following fields:

TA: The Timing Advance field indicates the required adjustment to the uplink transmission timing to be used for
timing synchronisation (see subclause 4.2.4 of [2]). The size of the TA field is [11] bits;

UL Grant: The UpLink Grant field indicates the resources to be used on the uplink. The size of the UL Grant
field is [21] bits;

Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the UE during
Random Access. The size of the Temporary C-RNTI field is 16 bits.

The MAC RAR is octet aligned.

Editor’s note: The size of the TA and UL Grant field is FFS
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7 Variables and constants

Editor’s note: This subclause defines the variables and constants used by MAC.
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71 RNTI values

RNTI values are presented in Table 7.1-1.

Table 7.1-1: RNTI values.

Value (hexa-decimal) RNTI
FDD TDD
0000-0009 0000-003B RA-RNTI
000A-FFF2 003C-FFF2 C-RNTI, Semi-Persistent

Scheduling C-RNTI and
Temporary C-RNTI

FFF3-FFFC Reserved for future use
FFFE P-RNTI
FFFF SI-RNTI
7.2 Backoff Parameter values

Backoff Parameter values are presented in Table 7.2-1.

Table 7.2-1: Backoff Parameter values.

Index Backoff Parameter value (ms)

10
20
30
40
60
80
120
160
240
320
480
960

oo o|e|e|N|o|a|sfwin|=]o
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Annex A (informative):
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bis Text Proposal for DL HARQ (Tdoc R2-072707)

Text Proposal for RACH procedure (Tdoc R2-072640)
Text Proposal for Logical Channel prioritization (Tdoc R2-072643)
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072993)
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Foreword

This Technical Specification has been produced by the 3" Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where:
x the first digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document provides an overview and overall description of the E-UTRAN radio interface protocol
architecture. Details of the radio interface protocols will be specified in companion specifications of the 36 series.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

e References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

e For a specific reference, subsequent revisions do not apply.

e For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1]  3GPP TR 21.905: "Vocabulary for 3GPP Specifications"
[2]  3GPP TR 25.913: "Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)"

[3] 3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer; General
description".

[4]  3GPP TS 36.211:"Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation "

[5] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel
coding"

[6] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures"
[7] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer; Measurements"
(8] IETF RFC 2960 (10/2000): "Stream Control Transmission Protocol"

[9]  3GPP TS 36.302: "Evolved Universal Terrestrial Radio Access (E-UTRA); Services provided by the physical
layer"

[11] 3GPP TS 36.304: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) procedures
in idle mode"

[12] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio
access capabilities”

[13] 3GPP TS 36.321: "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Acces Control (MAC)
protocol specification”

[14] 3GPP TS 36.322: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Link Control (RLC)
protocol specification"

[15] 3GPP TS 36.323: "Evolved Universal Terrestrial Radio Access (E-UTRA); Packet Data Convergence
Protocol (PDCP) specification”

[16] 3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC)
protocol specification™.

[17] 3GPP TS 23.401: "Technical Specification Group Services and System Aspects; GPRS enhancements for E-
UTRAN access".
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[18] 3GPP TR 24.801: "3GPP System Architecture Evolution (SAE); CT WG] aspects".

[19] 3GPP TS 23.402: "3GPP System Architecture Evolution: Architecture Enhancements for non-3GPP
accesses".

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply.
Carrier frequency: center frequency of the cell.

MBMS-dedicated cell: cell dedicated to MBMS transmission.

Frequency layer: set of cells with the same carrier frequency.

Handover: procedure that changes the serving cell of a UE in RRC_CONNECTED.

Unicast/MBMS-mixed cell: cell supporting both unicast and MBMS transmissions.

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in
TR 21.905 [1].

ACK Acknowledgement

ACLR Adjacent Channel Leakage Ratio
AM Acknowledge Mode

AMBR Aggregate Maximum Bit Rate
ARQ Automatic Repeat Request

AS Access Stratum

BCCH Broadcast Control Channel

BCH Broadcast Channel

BSR Buffer Status Reports

o) Carrier-to-Interference Power Ratio
CAZAC Constant Amplitude Zero Auto-Correlation
CMC Connection Mobility Control

Ccp Cyclic Prefix

C-plane Control Plane

CQI Channel Quality Indicator

CERE Cyclic Redundancy Check
DCCH Dedicated Control Channel

DL Downlink

DFTS DFT Spread OFDM

DRX Discontinuous Reception

DTCH Dedicated Traffic Channel

DTX Discontinuous Transmission
ECM EPS Connection Management
EMM EPS Mobility Management

eNB E-UTRAN NodeB

EPC Evolved Packet Core

EPS Evolved Packet System

E-UTRA Evolved UTRA

E-UTRAN Evolved UTRAN

FDD Frequency Division Duplex
FDM Frequency Division Multiplexing
GERAN GSM EDGE Radio Access Network

SAMSUNG 1017-0064
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GNSS
GSM
GBR
HARQ
HO
HRPD
HSDPA
ICIC

IP

LB
LCR
LTE
MAC
MBMS
MBR
MBSFN
MCCH
MCE
MCH
MCS
MIMO
MME
MTCH
MSAP
NACK
NAS
NCL
OFDM
OFDMA
P-GW
PA
PAPR
PBCH
PBR
PCCH
PCFICH
PDCCH
PDSCH
PDCP
PDU
PHICH
PHY
PLMN
PMCH
PRACH
PRB
PSC
PUCCH
PUSCH
QAM
QoS
RAC
RACH
RAT
RB
RBC
RBG
RF
RLC
RNC
RNL
ROHC
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Global Navigation Satellite System
Global System for Mobile communication
Guaranteed Bit Rate

Hybrid ARQ

Handover

High Rate Packet Data

High Speed Downlink Packet Access
Inter-Cell Interference Coordination
Internet Protocol

Load Balancing

Low Chip Rate

Long Term Evolution

Medium Access Control

Multimedia Broadcast Multicast Service
Maximum Bit Rate

Multimedia Broadcast multicast service Single Frequency Network
Multicast Control Channel
Multi-cell/multicast Coordination Entity
Multicast Channel

Modulation and Coding Scheme
Multiple Input Multiple Output
Mobility Management Entity

MBMS Traffic Channel

MCH Subframe Allocation Pattern
Negative Acknowledgement
Non-Access Stratum

Neighbour Cell List

Orthogonal Frequency Division Multiplexing
Orthogonal Frequency Division Multiple Access
PDN Gateway

Power Amplifier

Peak-to-Average Power Ratio

Physical Broadcast CHannel

Prioritised Bit Rate

Paging Control Channel

Physical Control Format Indicator CHannel
Physical Downlink Control CHannel
Physical Downlink Shared CHannel
Packet Data Convergence Protocol
Protocol Data Unit

Physical Hybrid ARQ Indicator CHannel
Physical layer

Public Land Mobile Network

Physical Multicast CHannel

Physical Random Access CHannel
Physical Resource Block

Packet Scheduling

Physical Uplink Control CHannel
Physical Uplink Shared CHannel
Quadrature Amplitude Modulation
Quality of Service

Radio Admission Control

Random Access Channel

Radio Access Technology

Radio Bearer

Radio Bearer Control

Radio Bearer Group

Radio Frequency

Radio Link Control

Radio Network Controller

Radio Network Layer

Robust Header Compression

3GPP
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RRC Radio Resource Control
RRM Radio Resource Management
RU Resource Unit
SDF Service Data Flow
S-GW Serving Gateway
SI-MME S1 for the control plane
S1-U S1 for the user plane
SAE System Architecture Evolution
SAP Service Access Point
SC-FDMA Single Carrier — Frequency Division Multiple Access
SCH Synchronization Channel
SDMA Spatial Division Multiple Access
SDU Service Data Unit
SFN System Frame Number
SPID Subscriber Profile ID for RAT/Frequency Priority
SR Scheduling Request
SU Scheduling Unit
TA Tracking Area
TB Transport Block
TCP Transmission Control Protocol
TDD Time Division Duplex
TFT Traffic Flow Template
™ Transparent Mode
TNL Transport Network Layer
TTI Transmission Time Interval
UE User Equipment
UL Uplink
UM Un-acknowledge Mode
UMTS Universal Mobile Telecommunication System
U-plane User plane
UTRA Universal Terrestrial Radio Access
UTRAN Universal Terrestrial Radio Access Network
VRB Virtual Resource Block
X2-C X2-Control plane
X2-U X2-User plane
4 Overall architecture

The E-UTRAN consists of eNBs, providing the E-UTRA user plane (PDCP/RLC/MAC/PHY) and control plane (RRC)
protocol terminations towards the UE. The eNBs are interconnected with each other by means of the X2 interface. The
eNBs are also connected by means of the S1 interface to the EPC (Evolved Packet Core), more specifically to the MME
(Mobility Management Entity) by means of the S1-MME and to the Serving Gateway (S-GW) by means of the S1-U.
The S1 interface supports a many-to-many relation between MMEs / Serving Gateways and eNBs.

The E-UTRAN architecture is illustrated in Figure 4 below.

3GPP

SAMSUNG 1017-0066



Release 8 15 3GPP TS 36.300 V8.4.0 (2008-03)

MME / S-GW MME / S-GW
N
@ L
(@) (@)
9 &
X2 ' ’ - E-UTRAN
/ ; eNB
eNB\ (( })
% o

\f| /

Figure 4-1: Overall Architecture

=

4.1 Functional Split

The eNB hosts the following functions:

- Functions for Radio Resource Management: Radio Bearer Control, Radio Admission Control, Connection
Mobility Control, Dynamic allocation of resources to UEs in both uplink and downlink (scheduling);

- IP header compression and encryption of user data stream;

- Selection of an MME at UE attachment when no routing to an MME can be determined from the information
provided by the UE;

- Routing of User Plane data towards Serving Gateway;

- Scheduling and transmission of paging messages (originated from the MME);

- Scheduling and transmission of broadcast information (originated from the MME or O&M);

- Measurement and measurement reporting configuration for mobility and scheduling.
The MME hosts the following functions (see 3GPP TS 23.401 [17]):

- NAS signalling;

- NAS signalling security;

- AS Security control;

- Inter CN node signalling for mobility between 3GPP access networks;

- ldle mode UE Reachability (including control and execution of paging retransmission);

- Tracking Area list management (for UE in idle and active mode);

- PDN GW and Serving GW selection;

- MME selection for handovers with MME change;

- SGSN selection for handovers to 2G or 3G 3GPP access networks;

- Roaming;

- Authentication;

SAMSUNG 1017-0067
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- Bearer management functions including dedicated bearer establishment.
The Serving Gateway (S-GW) hosts the following functions (see 3GPP TS 23.401 [17]):
- The local Mobility Anchor point for inter-eNB handover;
- Mobility anchoring for inter-3GPP mobility;
- E-UTRAN idle mode downlink packet buffering and initiation of network triggered service request procedure;
- Lawful Interception;
- Packet routeing and forwarding;
- Transport level packet marking in the uplink and the downlink;
- Accounting on user and QCI granularity for inter-operator charging;
- UL and DL charging per UE, PDN, and QCI.
The PDN Gateway (P-GW) hosts the following functions (see 3GPP TS 23.401 [17]):
- Per-user based packet filtering (by e.g. deep packet inspection);
- Lawful Interception;
- UE IP address allocation:
- Transport level packet marking in the downlink;
- UL and DL service level charging, gating and rate enforcement;
- DL rate enforcement based on AMBR,;

This is summarized on the figure below where yellow boxes depict the logical nodes, white boxes depict the functional
entities of the control plane and blue boxes depict the radio protocol layers.

NOTE: itis assumed that no other logical E-UTRAN node than the eNB is needed for RRM purposes. Moreover,
due to the different usage of inter-cell RRM functionalities, each inter-cell RRM functionality should be
considered separately in order to assess whether it should be handled in a centralised manner or in a
distributed manner.

NOTE: MBMS related functions in E-UTRAN are described separately in subclause 15.
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Figure 4.1-1: Functional Split between E-UTRAN and EPC
4.2 Interfaces
421 S1 Interface
42.2 X2 Interface
4.3 Radio Protocol architecture

In this subclause, the radio protocol architecture of E-UTRAN is given for the user plane and the control plane.

431

User plane

The figure below shows the protocol stack for the user-plane, where PDCP, RLC and MAC sublayers (terminated in

eNB on

the network side) perform the functions listed for the user plane in subclause 6, e.g. header compression,

ciphering, scheduling, ARQ and HARQ;
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PDCP }«—-—b{ PDCP
RLC RLC
[ wac Jd—>] wac |
| PHY PHY

Figure 4.3.1-1: User-plane protocol stack

4.3.2 Control plane
The figure below shows the protocol stack for the control-plane, where:

- PDCP sublayer (terminated in eNB on the network side) performs the functions listed for the control plane in
subclause 6, e.g. ciphering and integrity protection;

- RLC and MAC sublayers (terminated in eNB on the network side) perform the same functions as for the user
plane;

- RRC (terminated in eNB on the network side) performs the functions listed in subclause 7, e.g.:
- Broadcast;
- Paging;
- RRC connection management;
- RB control;
- Mobility functions;
- UE measurement reporting and control.
- NAS control protocol (terminated in MME on the network side) performs among other things:
- EPS bearer management;
- Authentication;
- ECM-IDLE mobility handling;
- Paging origination in ECM-IDLE;
- Security control.

NOTE: the NAS control protocol is not covered by the scope of this TS and is only mentioned for information.
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