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1.
Introduction
In this document, how upper layer data, i.e. RLC SDU, is constructed into RLC PDU and how ARQ information is included into RLC PDU is shown.
2.
Discussion
2.1
Framing Principles
To optimize data throughput, it is essential to reduce unused bit in the MAC PDU and also in RLC PDU. To this purpose, several logical channels or RLC flows will be multiplexed into same MAC PDU to reduce padding bits. In fact, in the section 5.3.1 of 25.813 it is stated that “The MAC layer performs multiplexing of logical channels on the same HARQ process.” The amount of data of each logical channel that is included into MAC PDU will be different depending on the decision of scheduler. 
Thus, it is proposed that MAC Header indicates the length and the RLC entity of each included RLC PDUs. Using this information, the receiver can quickly decompose the MAC PDU into RLC PDUs, and distribute them to the appropriate channel for further processing. Because MAC needs not so much time in analyzing what is included in the MAC PDU, it can more concentrate on the HARQ and scheduling.
Conclusion: RLC PDUs from different RLC entities can be included into one MAC PDU. MAC Header includes the RLC entity identifier of the RLC PDU and the size of the RLC PDU.

In LTE, it is foreseen that some information has to be exchanged between peer MAC entities. To support this, when control information should be included into MAC PDU, it is proposed to include this control information into MAC PDU as RLC PDU with RLC entity identifier value set to special value. In this way, there is no need to use different header format or complex header format at MAC level. Furthermore, this allows easy addition of information element because the size of MAC control information is flexible. 
Conclusion: Control information for MAC entity is included as RLC PDU with RLC entity identifier set to special value. 
RLC header indicates how to reassemble the payloads out of RLC SDUs. This information will include the boundary information of included RLC SDUs and the sequence information to tell the position of payload within the flow. The detailed example is shown in section 2.2.
In case of WCDMA, the use of special LI is too complex. The LI is sometimes included into different RLC PDU than the RLC PDU including concerned RLC SDU. Furthermore, in case that only LI is included or the LI is included into next PDU, it causes additional overhead. It seems better for RLC header to include information whether the start and end of RLC PDUs are aligned to the start and end of RLC SDUs. 
Conclusion: SDUs and PDUs alignment information is included into RLC PDU header. 
When a RLC PDU needs to be retransmitted due to ARQ status report, it may happen that the channel quality and the traffic situation have degraded meanwhile. Therefore the original size of the RLC PDU can not be supported over the air. Then, we can consider SubFraming. SubFraming is used to segment RLC PDUs that are reported missing by the receiving side. Without SubFraming, when one RLC PDU is missing in the receiver and the RLC PDU size exceeds the available resources allocated by the scheduler, the transmission should be restarted again from RLC SDU level.

It is FFS whether SubFraming is used only for uplink direction. Because cell resource scheduler is located in the Node-b, radio resource block for the MAC PDU in downlink might be adjusted according channel characteristic. Therefore the cases where the, original size of RLC PDU can not be supported should be rare. But for Uplink direction, due to power limitation and UE capability, allocating more radio resource block may not be useful for transmission of original RLC PDU. Thus in this case, SubFraming is useful and this information should in the RLC SDU header.

Conclusion: RLC PDU format should be defined to allow SubFraming.
Currently, there seems to be four types of traffic in RLC level. They are SRB data, voice data, streaming data and I/B data. Voice data and streaming data are similar in characteristic because there is no need for ARQ. On the other hand SRB and I/B are similar due to ARQ. Because there is no need for ARQ level retransmission, voice and streaming data do not need of SubFraming support or ARQ information. Accordingly, at least there should be two types of RLC format.
Conclusion: Two types of RLC format are required. One is for AM mode and the other one is for UM mode RLC.

To reduce unnecessary bits, it is proposed to define the number of bit for each field in MAC header per logical channel. For example, a streaming service which consists of small sized packet may require small number of bits for the length field in the MAC header and FTP service which consists of bigger size packet may require large number of bits for the length field in the MAC header. Even though RLC PDU is byte-aligned, there is no need to byte-align the MAC PDU because transport block is not byte-aligned. That was also the case in MAC-e PDU and MAC-hs PDU in WCDMA. Thus, there is no harm in defining the length of each field per logical channel.

Conclusion: The number of bit for each field or required field is defined per logical channel in MAC header. MAC PDU is not byte-aligned.
Normally, IP Packet data is byte-aligned. And in MAC, expressing size of RLC PDU in terms of byte will save at least 3 bit. This means that byte-aligned RLC PDU is beneficial, but this does not necessarily mean that RLC PDU header is byte-aligned. When header is not byte-aligned, the maximum number of padding is 7bit, on the average 3.5 bit. This seems to be small considering inefficiency and more padding that will be introduced by byte-aligned header.
Conclusion: RLC PDU is byte-aligned. RLC PDU header is not byte-aligned.
Overall, following is example of proposed framing.
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Figure 1 Example of Framing
2.2 
Format
Following is proposed format for MAC PDU according to the conclusion in the section 2.1.

[image: image2.emf]RLC ID 1 LENGTH

1

F

RLC ID 2 LENGTH

2

F

RLC ID N LENGTH

N

F

:

RLC PDU 1 (MAC SDU)

RLC PDU 2 (MAC SDU)

:

RLC PDU N (MAC SDU)

Padding (opt)


Figure 2 Proposed format for MAC PDU
In the figure 2, “RLC ID” identifies the RLC entity to which the included RLC PDU will be forwarded. And “LENGTH” field identifies the length of the included RLC PDU. And “F” field identifies whether following fields are the combination of RLC ID, LENGTH and F or RLC PDUs.
In the figure 2, the exact number of bits for “RLC ID,” “LENGTH” is FFS. But to reduce unnecessary bits, it is proposed to define the number of bit for “LENGTH” field is defined per logical channel. Even though RLC PDU is byte-aligned, there is no need to byte-align the MAC PDU. That was also the case in MAC-e PDU and MAC-hs PDU in WCDMA. 
Following is the proposed format for AM RLC PDU. This PDU is used for AM mode RLC.

[image: image3.emf]SN C/D/S F LI F LI

(a) AM RLC PDU

F

Segment of 

RLC SDU

RLC 

SDU

••

Segment of 

RLC SDU

SN C/D/S

Control 

PDU (opt)

Control 

PDU

SN

C/D/S

C/P

sSN

C/

P

RM

F LI F LI ••F

Segment of 

RLC SDU

RLC 

SDU

••

Segment of 

RLC SDU

Control 

PDU (opt)

(b) AM RLC Control PDU

(c) AM SubPDU

Padding 

(opt)

Padding 

(opt)

Padding 

(opt)

BID


Figure 3 Proposed PDU Format for AM RLC
In figure 3, AM RLC PDU is for normal data transfer and AM RLC Control PDU is used to exchange control information between peer RLC entities. And AM RLC SubPDU is used when the original ARQ RLC PDU is not supported at the time of re-transmission. AM RLC SubPDU also includes boundary information of each included SDUs. This will allow reassembly of some RLC SDUs even when all the AM RLC SubPDU is not received. 

Each field in figure 3 has following meaning.
· SN (Sequence Number): Identifies the order of the concerned ARQ RLC PDU within the data flow. Because at most one new RLC PDU is transmitted, 8 bits seems to be enough for the maximum 256ms RTT. 
· C/D/S (Control/Data/SubFrame): Identifies whether the concerned RLC PDU is AM RLC PDU, AM RLC Control PDU or AM RLC SubPDU. 2 bits.
· C/P (Complete/Partial): Identifies whether the start of the PDU is the start of the SDU and whether the end of the PDU is the end of the SDU. 2 bits.
· Value “OO”: Start of the PDU is the start of the SDU and the end of the PDU is the end of the SDU.

· Value “OX”: Start of the PDU is the start of the SDU but the end of the PDU is not the end of the SDU.

· Value “XO”: Start of the PDU is not the start of the SDU but the end of the PDU is the end of the SDU.

· Value “XX”: Start of the PDU is not the start of the SDU, the end of the PDU is not the end of the SDU.

· F (Following): Identifies whether next field is LI or data. 1 bit.
· LI (Length Indicator): Identifies the boundary of SDUs. First LI identifies the number of octets from the end of RLC header to the first boundary of SDUs. Subsequent LI is equal to the size of included RLC SDUs. Thus, boundary is inferred from the size. Considering 1500 byte as maximum, 11 bit is enough.
· sSN (subframe Sequence Number): identifies the location of the concerned SubPDU within the SubPDUs. In case one RLC PDU is divided 16 RLC SubPDU, this means that it will takes at least 48 TTIs for all the SubPDUs are transmitted with 2 HARQ re-transmissions. This situation seems to be too unrealistic. At most 8 RLC SubPDU per RLC PDU seems to be enough. 3 bit.
· RM (ReMaining): Identifies whether there are more SubPDUs to come or not. 1 bit. 
· BID (Batch ID): Identifies the trial number. At first retransmission of RLC PDU, BID in the RLC SubPDUs are set to 0. If another NACK for the RLC PDU is received, BID in the RLC SubPDUs is set to 1. The size or boundary of RLC SubPDUs in each trial can be different. 

Following is proposed format for UM RLC PDU. This PDU is used for RLC which needs not ARQ.
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Figure 4 Proposed PDU Format for UM RLC

Due to the removal of unnecessary field, the format of UM RLC PDU is simple compared to the format of AM RLC PDU. Because there is no need for ARQ and SubFraming, the header format is useful for the voice or streaming service, or UDP type service. 
Conclusion: Agree on the fields listed above for RLC PDU header.  
2.3 
Framing Example

[image: image5.emf]SDU 1

(Length: 500)

SDU 2

(Length: 600)

SDU 3

(Length: 300)

SN

0

SDU 1 Seg 1

(Length: 300)

F

Y

SDU 1 Seg 2

(Length: 200)

SN

1

CP

XO

SDU 2 Seg 1

(Length: 200)

SN

2

F

Y

SDU 2 Seg 2

(Length: 400)

SDU 3

(Length: 300)

RLC PDU

RLC SubPDU

SDU 1 Seg 2,1

(Length: 100)

SN

1

SDU 1 Seg 2,2

(Length: 100)

SDU 2 Seg 1,1

(Length: 100)

SDU 2 Seg 1,2

(Length: 100)

SDU 1 Seg 2

(Length: 200)

SDU 2 Seg 1

(Length: 200)

RLC SDU

CP

OX

CP

XX

LI

200

F

N

LI

400

sSN

1

CDS

D

CDS

D

CDS

D

CDS

S

F

N

F

N

F

Y

SN

1

CP

XX

LI

200

CDS

D

F

N

RM

Y

F

N

CP

XX

SN

1

sSN

2

CDS

S

RM

Y

F

Y

CP

XX

F

N

LI

100

SN

1

sSN

3

CDS

S

RM

N

CP

XX

F

N


Figure 2 Example of SubFraming
Above figure 2 shows an example on how subframing can be done according to the section 2.1 and 2.2. For simplicity reason, only one logical channel is considered. And in the description of RLC SubPDU, BID is omitted. Following is description for the above figure.
Blue box:

In the blue box, three IP packets are shown. From RLC entity point of view, this IP packet is actually RLC SDU. In this example, the length of each IP Packet is 500,600,300 bit. 
Yellow box:

In the yellow box, how RLC PDUs are composed from original IP packets (RLC SDUs) is shown. The size of each RLC PDU is decided by the scheduler. In this example, the allowed sizes of RLC PDUs are 300,400 and 700 bit. This is size that is used before re-transmission is requested. 
Green Box:
In the green box it is shown how RLC SubPDUs are composed from original RLC PDU. When upper ARQ indicates that a RLC PDU is missing in the receiving side, the RLC PDU needs to be retransmitted. If the allocated resources are not big enough for the size of the original RLC PDU at the moment of ARQ retransmission, the RLC PDU should be sub-divided into RLC SubPDUs. 
In above figure, it is assumed that the second RLC PDU in the yellow box is divided into RLC SubPDUs. The available size of RLC SubPDU is assumed to be 100, 200 and 100 bit in this figure.
To discriminate RLC SubPDUs from RLC PDUs, a “C/D/S” field is used. When the receiving side finds “C/D/S” field set to “S” in RLC PDU, it treats this RLC PDU as RLC SubPDU. To identify the original RLC PDU, the TSN field of RLC SubPDU is set to the TSN of the original RLC PDU.

To identify the order of the RLC SubPDU for one RLC PDU, “sSN” field and “RM” field is inserted after “C/D/S” field. This field tells two things: Whether this MAC SubPDU is the last segment of RLC PDU, the position of this RLC SubPDU within all the RLC SubPDUs. So in above figure, the “RM” of third RLC SubPDU is set to ‘Y’ to indicate that the RLC SubPDU is the final segment of a RLC PDU. 
3.
Conclusion
It is proposed to discuss and agree conclusions in above section 2.1 and 2.2. And it is proposed to update TS and TR according to the decision.





















1
1

_1229847471.vsd
RLC ID 1


LENGTH1


F


RLC ID 2


LENGTH2


F


RLC ID N


LENGTHN


F


:


RLC PDU 1 (MAC SDU)


RLC PDU 2 (MAC SDU)


:


RLC PDU N (MAC SDU)


Padding (opt)



_1229865890.vsd
SN


C/D/S


SN


C/D/S


Control PDU


SN


C/D/S


(b) AM RLC Control PDU


(c) AM SubPDU


Control PDU (opt)


C/P


sSN


C/P


RM


F


LI


F


F


LI


••


F


Segment of RLC SDU


RLC SDU


••


Segment of RLC SDU


Control PDU (opt)


LI


F


LI


(a) AM RLC PDU


F


Segment of RLC SDU


RLC SDU


••


Segment of RLC SDU


Padding (opt)


Padding (opt)


Padding (opt)


BID



_1230026463.vsd
 


SDU 1


 


(Length: 500)


 


SDU 2


 


(Length: 600)


 


SDU 3


 


(Length: 300)


 


SN


 


0


 


SDU 1 Seg 1


 


(Length: 300)


 


F


 


Y


 


SDU 1 Seg 2


 


(Length: 200)


 


SN


 


1


 


CP


 


XO


 


SDU 2 Seg 1


 


(Length: 200)


 


SN


 


2


 


F


 


Y


 


SDU 2 Seg 2


 


(Length: 400)


 


SDU 


3


 


(Length: 300)


 


RLC PDU


 


RLC SubPDU


 


SDU 1 Seg 2,1


 


(Length: 100)


 


SN


 


1


 


SDU 1 Seg 2,2


 


(Length: 100)


 


SDU 2 Seg 1,1


 


(Length: 100)


 


 


 


SDU 2 Seg 1,2


 


(Length: 100)


 


SDU 1 Seg 2


 


(Length: 200)


 


SDU 2 Seg 1


 


(Length: 200)


 


RLC 


S


D


U


 


CP


 


OX


 


CP


 


XX


 


LI


 


200


 


F


 


N


 


LI


 


400


 


sSN


 


1


 


CDS


 


D


 


CDS


 


D


 


CDS


 


D


 


CDS


 


S


 


F


 


N


 


F


 


N


 


F


 


Y


 


SN


 


1


 


CP


 


XX


 


LI


 


200


 


CDS


 


D


 


F


 


N


 


RM


 


Y


 


F


 


N


 


CP


 


XX


 


SN


 


1


 


sSN


 


2


 


CDS


 


S


 


RM


 


Y


 


F


 


Y


 


CP


 


XX


 


F


 


N


 


LI


 


100


 


SN


 


1


 


sSN


 


3


 


CDS


 


S


 


RM


 


N


 


 


 


CP


 


XX


 


F


 


N


 


 


 



_1229865022.vsd
SN


C/P


F


LI


F


LI


F


Segment of RLC SDU


RLC SDU


••


Segment of RLC SDU


••


Padding (opt)



_1211013472.vsd
 


RLC SDU 1


 


RLC Channel 1  


 


RLC SDU 2


 


RL


C


 SDU 1


 


RLC Channel 2


 


RLC Header


 


Payload


 


RLC Header


 


 


Payload


 


RLC Header


 


 


Payload


 


MAC Header


 


RLC PDU


 


MAC Header


 


RLC PDU


 


RLC PDU


 


MAC PDU


 


MAC PDU


 



