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1
Introduction

During last RAN2#55 meeting, it was agreed to have a support re-segmentation of RLC PDUs. Several altenatives were presented and discussed during the meeting but could not conclude further details. This contribution is intended to capture all the resegmenation proposals presented in RAN2#55 and email discussion.
2
Summary of Proposals 
Byte domain (Qualcomm)
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Construction of RLC PDU and header
· RLC SDUs are concatenated in sequence, 

· STOFF indicates the start position of RLC PDU or RLC Sub-PDU in byte domain

· SI indicates whether the first/last RLC SDU in the RLC PDU is continued from previous/following RLC PDU

· E indicates the existence of following RLC SDU.

· LEN indicates the length of each RLC SDU (or the segment of RLC SDU)
	Header Field 
	Expression
	Required bits


	STOFF 
	(log((100/8)*106*0.05)/log 2( + 1
	21 bits

	SI
	Segmentation at front and at back
	2 bits

	E
	Yes/no
	1

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


	Total

	
	23 + N * 12 bits


RLC SDU + OFFSET domain (Nokia)
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Construction of RLC PDU and header

· RLC SDUs are concatenated in sequence

· SI indicates whether the first/last RLC SDU in the RLC PDU is continued from previous/following RLC PDU

· RLC_SN is the RLC SDU sequence number of the first RLC SDU in the RLC PDU

· OFFSET indicates the starting position of first RLC SDU segment within original RLC SDU.
· E indicates the existence of following RLC SDU.

· LEN is the length of RLC SDU
	Header Field 
	Expression
	Required bits

	SI
	Segmentation at front and at back
	2 bits

	RLC SN
	Equal to PDCP SN length?
	13 bits


	E
	Yes/no
	1

	OFFSET
	(log(1500)/log 2(
	11 bits

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

	Total
	
	15 + N * 12 + 11
 bits


Pre-segment domain (NEC)
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Construction of RLC PDU and header
· RLC SDUs are concatenated in sequence

· SI indicates whether the first/last pre-segment of the RLC PDU belongs to a new RLC SDU or previous/following RLC SDU

· SEGSN indicates the sequence number of first pre-segment in the RLC PDU
· SEGNO indicates the number of pre-segments belongs to a RLC SDU
· TAIL_OFFSET indicates the last byte of RLC SDU within the last pre-segment of the RLC SDU.
· E indicates the existence of following RLC SDU.
	Header Field 
	Expression
	Required bits
4 bytes pre-segment
	Required bits
40 bytes pre-segment

	SEGSN 
	(log((100/(8*K))*106*0.05)/log 2( + 1
	19 bits
	15 bits

	SI
	Segmentation at front and at back
	2 bits
	2 bits

	SEGNO
	(log(1500/K)/log 2(
	9
	6

	TAIL_OFFSET
	(logK/log 2(
	2
	6

	E
	Yes/no
	1
	1

	Total
	
	21 + N * 12 bits
	17 + N * 13 bits


SDU & PDU Segmentation (LG)
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Construction of RLC PDU and header

· RLC SDUs are concatenated in sequence into RLC PDUs.
· RLC_SN is the RLC PDU sequence number that is independent of RLC SDU.
· TYPE_info indicates whether it is RLC PDU or RLC SubPDU or Control PDU.
· ALIGN_Info indicates whether the first byte of the RLC PDU is the first byte of a RLC SDU and whether the last byte of the RLC PDU is the last byte of a RLC SDU.
· LengthIndicator in the RLC PDU indicates the boundaries between RLC SDUs. 
· F indicates whether there is more LengthIndicator or not.
Construction of RLC Sub PDU and header
· SubSequenceInfo indicates the sequence number of RLC SubPDU.
· RemainingInfo indicates whether the RLC SubPDU is final segment of RLC PDU.
· RLC SubPDU is not further divided into smaller unit.
RLC PDU
	Header Field 
	Expression
	Required bits

	RLC SN
	
	10


	TYPE_info
	RLC PDU/ RLC SubPDU
	1

	ALIGN_Info
	(First byte aligned) and/or (last byte aligned)
	2

	(LengthIndicator, F)
	N *((log(1500)/log 2( + 1)
	N*12 bits

	
	
	

	Total
	
	13 + N * 12 bits


RLC SubPDU

	Header Field 
	Expression
	Required bits

	RLC SN
	0,1,…, 1047
	10

	TYPE_info
	RLC PDU/ RLC SubPDU
	1

	ALIGN_Info
	(First byte aligned) and/or (last byte aligned)
	2

	SubSequenceInfo
	0,1,…,7
	3


	Remaining_Info
	Yes/No
	1

	(LengthIndicator, F)
	N *((log(1500)/log 2( + 1) 
	N*12 bits

	
	
	

	Total
	
	17 + N * 12 bits


SDU & PDU Segmentation (Panasonic)
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Construction of RLC PDU and header

· RLC SDUs are concatenated in sequence into RLC PDUs.
· RLC_SN is the RLC PDU sequence number that is independent of RLC SDU.
· Re-segmentation flag indicates whether a sub-RLC SN is following or whether Segmentation Indicators are next in the header structure
· Segmentation Indicators (SI) indicates whether the first and/or the last blocks in the RLC PDU are RLC SDU segments or full RLC SDU
· Block Length Indicator in the RLC PDU indicates the length of the different RLC SDU that are composing the RLC PDU.
Construction of RLC Sub PDU and header
· Sub RLC_SN is the sequence number for segmented RLC PDUs.
RLC PDU
	Header Field 
	Expression
	Required bits

	RLC SN
	
	10


	Re-segmentation flag
	Indication of following field
	1

	Segmentation indicators
	Segmentation at front and at back
	2

	(LengthIndicator,)
	N *((log(1500)/log 2( + 1)
	N*12 bits

	Total
	
	13 + N * 12 bits


RLC SubPDU
	Header Field 
	Expression
	Required bits

	RLC SN
	0,1,…, 1047
	10

	Re-segmentation flag
	Indication of following field
	1

	Sub RLC SN
	Sequence number for re-segmentation
	2 (FFS)

	Re-segmentation flag
	Indication of following field
	1

	Segmentation indicators
	Segmentation at front and at back
	2

	(LengthIndicator)
	N *((log(1500)/log 2( + 1)
	N*12 bits

	Total
	
	16 + N * 12 bits


SDU and PDU Segmentation (Ericsson)

RLC PDU Segments are identified by the original RLC PDU sequence number in combination with a byte-offset (Segment Offset). This offset identifies the part of the original PDU contained in a segment, i.e., it describes the position of the first byte of this segment’s payload in the original PDU.

Below is one possible proposal how the proposed scheme could be realized:

[image: image6]
RLC PDU Header = {Type, RLC_SN, Start flag, End flag, list of {Extension flag, Length Indicator}}
RLC Sub-PDU Header = {Type, RLC SN, Length Field, Segment Offset, Last Segment Flag}
Note that all flags and fields required for re-assembly and delivery of the RLC SDU(s) (Start Flag, End Flag, Extension Bits and Length Indicators, indicated by dashed lines) are treated as payload when re-segmentation is performed, and are only included in the first Segment of an RLC PDU.

RLC PDU Header Fields: basically same as LGE proposal (but no restricted SDU segmentation on octect alignment)
RLC PDU-Segment Header Fields
	Header Field
	Description
	Required bits

	Type Field
	Identifies the type of the PDU (RLC PDU/RLC PDU Segment)
	1 bit

	RLC SN
	The RLC sequence number
	10 bits

	Length Field
	The total size of the RLC Sub-PDU
	15 bits

	Segment Offset
	Identifies the part of the original PDU contained in this RLC PDU Segment.

More precisely, it identifies the position of the first byte of this segment’s payload in the original PDU.

The length of this field must be large enough to cover the maximum expected size of an RLC PDU (T)
	15 bits 
(T <= 25000 Byte)



	Last Segment Flag
	Indicates if this is the last RLC PDU Segment of the corresponding RLC PDU.
	1 bit

	Total
	
	42 bits


SDU and PDU Segmentation (Fujitsu)
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RLC PDU Header = baiscally same as Ericsson proposal. 

RLC Sub-PDU Header = {RLC_SN, Re-segmentation_Flag, SubPDU_SN, SubPDU_Length_Indicator, Last_Segmentation_Flag }

Note : RLC_SN in RLC sub PDU is derived from RLC_SN in RLC_PDU of prior segmentation. e.g. (SI + LI + E + payload data) should be segmented.

RLC PDU-Segment Header Fields

	Header Field
	Description
	Required bits

	RLC_SN
	The RLC sequence number
	10 bits

	Re-segmentation_Flag
	Identifies the type of the PDU (RLC PDU/RLC PDU Segment)
	1 bit

	SubPDU_SN
	Identifies segment sequence number in this PDU.
	4 bits (FFS)

	SubPDU_Length_Indicator
	Max limitation is needed.
	Ffs

	Last_Segmentation_Flag
	Indicates whether this segment is the last in this PDU.
	1 bit



	Total
	
	27 bits


SDU and PDU Segmentation (Alcatel)
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Figure: binary indexing of resegments

The following is main characteristics of Alcatel proposal:

· RLC PDU is based for resegmentation (like LGE proposal)

· Resegment number is limited (like LGE proposal)
· Indexing of resegment is based on binary tree structure.

3
Discussion
In this section, it is intended to capture some general technical issues for comparison of different proposals.
Complexity issues

The following complexity issues should be considered when comparing proposals
· Different header format for RLC PDU and RLC Sub-PDU; for example, the header format of RLC PDU and RLC Sub-PDU is different from each other for the case of Panasonic and LGE proposal. This different header format could increase the implementation complexity of RLC layer. However if RAN2 later agrees to have RLC Control PDU, different header format has to be anyway supported. Also some proposals allows RLC Sub PDU header to be an extension of RLC PDU header while other proposals have completely different header format.
· RLC header size should be byte aligned or not: it is of question whether the byte aligned RLC PDU header would give some implementation easiness or not. Since RLC payload will be byte-aligned, having a byte aligned RLC header would allow a fully byte aligned RLC PDU. This issue should be also considered with need of byte aligned MAC PDU header and byte aligned MAC TB size as well. 
Flexibility issues

When comparing different proposals, the following flexibility issues have to be considered:

· Support of more than 1 resegmentation; the proposals with RLC Sub SN could have limitation in terms of ARQ layer resegmentation capability. Not allowing more than 1 resegmentation could restrict the scheduling flexibility. However it can be also argued that the probability of failure of RLC Sub PDU could be low enough so that resegmentation of RLC Sub PDU can be prohibited.
· Ability to recover some SDUs; When one or more segments of RLC PDU is lost permanantly, it would be good if some RLC SDUs can be recovered from successfully received segments of RLC PDU.
· Need for limiting maximum RLC PDU size; it is for fruther study whether the scheduler should be able to set the maximum RLC PDU size in order to avoid a possibility of too many re-segmentations. 
RLC layer Overhead
· When comparing different proposals, the following overhead issues have to be considered:Sub PDU header size; For those proposals with different RLC PDU and Sub PDU header format, it seems reasonable to compare based on the header size of RLC PDU rather than RLC Sub PDU. Assuming HARQ residual error rate of less than 1%, few occurrence of RLC Sub PDU would not impact the overall RLC overhead that much.
· MAC Padding; The NEC proposal may necessitate the MAC layer padding due to the multiple byte pre-segmentation of RLC SDU. Note that the maximum padding size is 1 byte less than the pre-segmentation length. Other proposals may neccessitate the MAC layer padding when there is mis-matching between TB and (MAC SDUs + MAC header). However the padding would be smaller than 1 bytes due to the byte level adaptibility of MAC SDU sizes.
· Header size optimization for VoIP traffic; Nokia proposal could allow smaller RLC header size for VoIP type of traffic by removing OFFSET field when there is no RLC SDU segmentation. It is ffs how other proposals can be efficiently optimized for VoIP type of traffic.
· RLC Data/Control PDU; All proposals will be impacted, e.g. adding 1 C/D bit, if RLC control PDU has to be defined. So it is proposed not to include the header field for C/D indicator for comparison.
4
Conclusions
In this contribution, we have compared 5 different proposals of RLC segmentation/resegmentation presented during RAN2#55 Seoul meeting. As a outcome of this exercise, the following compariable table can be proposed for further discussion of this topic: 

	
	Qualcomm
	Nokia
	NEC
	LGE
	Panasonic
	Ericsson

	RLC Header Size
	23 + N * 12
	15 + N * 12 
or
26 + N * 12
	17 + N * 13
	13 + N * 12
or
17 + N * 12
	13 + N * 12
or 
16 + N *12
	13 + N * 12 
or 
42

	Number of header formats
	1
	1
	1
	2
	2
	2

	Max. supportable number of ARQ resegmentation
	Not limited
	Not limited
	Not limited
	Limited to 1
	Limited to 1
	Not limited

	Ability to recover some SDUs upon partial reception of RLC PDU
	YES
	YES
	YES
	YES
	YES
	???

	Need for MAC layer Padding
	Less than byte
	Less than byte
	Less than K-1 bytes
	Less than byte
	Less than byte
	Less than byte

	VoIP optimized
	Ffs
	Yes, OFFSET bit not required.
	ffs
	ffs
	ffs
	ffs
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RLC_PDU_HEADER = {RLC_SN, TYPE_Info, ALIGN_Info, list of{ LengthIndicator, F} }
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RLC_SubPDU_HEADER = {RLC_SN, TYPE_Info, SubSequenceInfo, RemaingInfo, ALIGN_Info, multiple of{ LengthIndicator, F} }
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RLC_PDU_HEADER = {RLC_SN, Re-segmentation flag, Segmentation Indicators, multiple of {Block Length Indicators}}
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RLC_SubPDU_HEADER = {RLC_SN, Re-segmentation flag, sub RLC_SN, Re-segmentation flag, Segmentation Indicators, multiple of {Block Length Indicators}
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� In fact, actual required bits could be round up to half-octet size due to implementation easiness, e.g. 21 bits => 24 bits.


� Using compression technique proposed in [1], this bit can be reduced to 5/9/13 bits.


� Header field per RLC PDU and N * header field per RLC SDU where N is the number of RLC SDU included in the RLC PDU


� Equivalent to PDCP SN range of 0, …, 65535


� This 11 bits offset indicator may not be included if RLC PDU begins with a new RLC SDU. 


� In HSDPA, the size of TSN is 6 bit and the size of SN of AM RLC is 12 bit. In LTE, the numbers are ffs.


� The time between Initial transmission of RLC PDU and the transmission of its RLC SubPDU will be small. The change of channel condition will be limited. Thus, more than 8 RLC SubPDU will not be generated for one RLC PDU.


� In HSDPA, the size of TSN is 6 bit and the size of SN of AM RLC is 12 bit. In LTE, the numbers are ffs.
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