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1. Introduction

In this contribution, the L2 PDU format is discussed and an example of common format design of MAC-RLC PDU format for unicast AMD transmission, unicast UMD mode transmission, and E-MBMS for SFN operation is given. This document proposes and shows that a common structure is possible.

RAN2 should also investigate in detail the pros and cons of having same format for MAC-RLC header for unicast and eMBMS. 
2. Discussion

During RAN2#55 meeting, it was agreed to support re-segmentation of RLC PDUs. Email discussion on RLC re-segmentation was ongoing after the meeting, and all the RLC segmentation/re-segmentation proposals were captured in [1].

In another TDoc from Alcatel-Lucent [2], a design of RLC PDU header is proposed to enable the multiple packets loss recovery. In the analysis below, the RLC format of “one LI per RLC SDU” proposed in [2] can also be applied to unicast, and would provide more transmission efficiency than current proposed unicast RLC format by other companies [1]. Moreover, the RLC format will be consistent for unicast and E-MBMS. In this contribution, we describe in details the solution which can be applied to unicast.

2.1 Construction of MAC PDU
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Figure 2 Illustration of MAC PDU format
Construction of RLC PDU and header obeys the following rules

· LCHID is the logical channel identity of upper layer PDUs multiplexed

· E indicates either that an other LCHID field is following (E = 0) or that user data is following (E = 1)
· LEN indicates the length of the RLC PDU 
	Header Field 
	Expression
	Required bits

	LCHID
	
	4 bits

	E
	Yes/No
	1 bit

	LEN (LI)
	
	15 bits

	Size of MAC PDU header
	
	N ( 20 bits


In header format point of view, the main functions of MAC are multiplexing/demultiplexing of upper layer PDUs. Then logical channel identity and the length of the RLC PDU should be signaled in the MAC header. Here we only discuss the MAC PDU of user plane. No padding is introduced on RLC level for unicast transmission, padding may however be added on MAC level if the size of the entire MAC PDU does not match the size of the transport format.

2.1.1 definition of LCHID field

The LCHID field provides identification of the logical channel instance when multiple logical channels are carried on the same transport channel. Table 1 shows the 4-bit LCHID field.

Table 1: Structure of the LCHID field
	LCHID field
	Designation

	0000
	Logical channel 1

	0001
	Logical channel 2

	...
	... 

	1110
	Logical channel 15

	1111
	The rest of the MAC PDU is padding. The padding length can be zero


2.1.2 Extension bit (E)
E-bit interpretation:
	Bit
	Description

	0
	The next field is LEN and LCHID

	1
	The next field is the beginning of RLC PDU


Here E locates between the LCHID and LEN is convenient for saving the last LEN.

2.1.3 LEN

LEN indicates the length of the corresponding RLC PDU in byte. The LEN is not needed for last RLC PDU when there is no padding. Of course in the case of no MAC multiplexing, i.e. one RLC PDU in MAC PDU, LEN field is also saved in the MAC header because it can be calculated from the TB size minus MAC header size.
For multicast, because the scheduler will assign always a constant TB, correspondingly the RLC PDU size also is constant. To be consistent with unicast and to have a common MAC header structure, LEN should be included also for eMBMS. On the other hand this would imply higher overhead on the radio interface and to avoid the inclusion of LEN at MAC layer for eMBMS should also be taken into account.

2.2 Construction of RLC PDU
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Figure 1 Illustration of RLC segmentation and concatenation
Construction of RLC PDU and header obeys the following rules

· RLC SDUs are concatenated in sequence

· RLC_SN is the RLC PDU sequence number that is independent of RLC SDU
· SI indicates whether the first/last RLC SDU in the RLC PDU/sub-PDU is continued from/to previous/following RLC PDU/sub PDU
· E indicates either that an LEN field is following (E = 0) or that user data is following (E = 1)
· LEN (LI) indicates the length of the last RLC SDU segment of one RLC SDU or the length of a complete RLC SDU included in the RLC PDU payload
· RI (Re-segmentation Indicator) indicates that whether current PDU is a RLC PDU or a RLC sub-PDU
· Offset indicates the position of RLC re-segment in the original RLC PDU payload in byte resolution
· LSI (Last Segment Indicator) indicates that the current PDU is the last RLC segment of the original RLC PDU payload.
	Header Field 
	Expression
	Required bits

	RLC_SN
	
	10 bits*

	SI
	Segmentation at front
	2 bits

	RI
	Yes/No
	1 bit

	E
	Yes/No
	1 bit

	LEN (LI)
	(log(1500)/log 2(
	11 bits

	LSI
	Yes/No
	1 bit

	OFFSET
	
	15 bits

	Size of RLC PDU header
	
	13 + (M-1)( 12 bits**

	Size of RLC sub_PDU header
	
	29 + (M-1) ( 12 bits**


*  In Rel6 HSDPA, the size of TSN is 6 bit and the size of SN of AM RLC is 12 bit. In LTE, the size of UM RLC SN is 7 bit (ffs), and that of AM RLC SN is 10 (ffs).

** Where M is the number of RLC SDU segment and 12 bits mean the length of LEN (LI) and E fields.
In multi-cell transmission for E-MBMS, the field of “RI”, “LSI” and “OFFSET” is of no use because there is no re-segmentation for E-MBMS.

2.2.1 Definition of LI in RLC PDU header
In multi-cell transmission for E-MBMS, the scheduler will assign always a constant TB, correspondingly the RLC PDU size also is constant. Thus the padding in L2 upper layer should be considered. The padding can be added either in RLC level or in MAC level, but now if to put it in MAC sub layer is FFS. In this contribution the padding is assumed in RLC level for the purpose to simplify MAC function. Generally, padding is used in the last PDU for a sequence of consecutive SDUs which are concatenated together for one burst.

LI indicates the end of SDU in one PDU, and it contains the length of the last segment of one SDU. For some special cases, if the SDU or SDU segment length equals to the vacancy or one byte less than vacancy in the RLC PDU, Due to the fact that the LI length is two bytes, it should be filled with zero or one byte from the next SDU data, and the corresponding LI fills in the header of next PDU, which is set to some predefined values, as figure 2 shows.
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Figure 2 One LI per RLC SDU

The 4 most significant bits are reserved because the maximum SDU length is 1500 bytes and thus 12 bits LI+E is enough for length indicator. With this, the reserved 4 bits can be used to indicate some special LIs for special cases which are listed in the tables below. In another case, if there is no “byte aligned” in RLC header, and LI+E only uses 12 bits but 2 bytes, the maximum of 211, e.g. 2044~2047, could be reserved.

	Bit
	Description
	App

	0000,0000,0000,000
	The previous RLC PDU was exactly filled with the last segment of an RLC SDU and there is no "Length Indicator" that indicates the end of the RLC SDU in the previous RLC PDU.
	Both

(Note: for unicast a possible optimization is to rely only on SI field and not to insert this reserved LI at all)

	0100,0000,0000,000
	The last segment of an RLC SDU was one octet short of exactly filling the previous RLC PDU and there is no "Length Indicator" that indicates the end of the RLC SDU in the previous RLC PDU. The remaining one octet in the previous RLC PDU is the first octet of next SDU.
	Both

(Note: for completeness we should also note that for unicast the segmentation function at RLC layer should deal with this particular case to avoid it)

	1000,0000,0000,000
	The last segment of an RLC SDU was one octet short of exactly filling the previous RLC PDU and there is no "Length Indicator" that indicates the end of the RLC SDU in the previous RLC PDU. The remaining one octet in the previous RLC PDU is ignored (padding).
	Multicast

	1100,0000,0000,000
	The rest of the RLC PDU is padding.
	multicast


3 The advantage comparing to the “one LI per SDU segment”
“One LI per SDU segment” solution for RLC PDU format was proposed by several companies and captured in [1]
For unicast, RAN2 discussed the LI for MAC at an early stage. To save the BYTE in MAC header, some companies proposed not to define the length indicator of contained RLC PDU. According to their understanding, although the MAC & RLC are different sub-layers in L2, in the receiver, they can be handled together. The receiver will read MAC header, RLC header together and then knows the end of each RLC PDU. Therefore according to their discussion, actually it needs no LI for RLC PDU. One example is illustrated in figure 3.
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Figure 3 MAC PDU without RLC PDU length indicator and “One LI per SDU segment”
In figure 3, the last LI of RLC SDU/SDU segment in one RLC PDU can indicate the end of the RLC PDU in MAC PDU. That is to say, with the L2 format design in Figure 3, MAC has to look into the RLC LI fields to identify the RLC PDU boundaries.

However, when the “one LI per RLC SDU” solution is used, the LI of last SDU segment in each RLC PDU can be saved if the length of RLC PDU can be known to the UE. If so, even if there is no LI for last segment in RLC PDU, UE also knows the correct length when it reaches to the end of PDU.
To achieve it, in the case of MAC multiplexing, the Length Indicator of RLC PDU should be contained in the MAC header, as figure 4 shown.
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Figure 4 MAC PDU with RLC PDU length indicator and “one LI per RLC SDU”
Comparing Figure 3 and Figure 4, if the LI in MAC header and in RLC header are all 2 bytes, the overhead illustrated in figure 4 is two byte less which in figure 3 because it needs no length indicator for the last RLC PDU in the MAC PDU for the illustrated cases without padding. If there is padding in MAC PDU, the LEN of last RLC PDU could not be saved. Moreover, MAC needs not to look into the RLC LI fields to identify the RLC PDU boundaries which is consistent with the layering rules for RLC and MAC.

In other case of no MAC multiplexing, i.e. one RLC PDU in MAC PDU, Length Indicator of RLC PDU is not needed in the MAC header because this length can be calculated from the Transport Block size minus MAC header size. So that 2 bytes LI can also be saved.

Therefore the advantages of “one LI per RLC SDU” are
· MAC needs not to look into the RLC LI fields to identify the RLC PDU boundaries.

· 2 bytes overhead can be saved for each L2 PDU in case without padding for unicast.
4. Conclusion

It is proposed to discuss the possibility to adopt a common MAC-RLC PDU format both for unicast and E-MBMS. Furthermore an example of a possible common format is given with the purpose to help the discussion.
It has been highlighted that some LI fields can be saved in RLC header applying the concept of “one LI per SDU” also to unicast. At the same time if we want to keep a common structure for unicast and eMBMS for the MAC header as well, the LEN field will need to be added for eMBMS which is not necessary.
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