3GPP TSG-RAN-WG2 #58bis 
Tdoc (R2-072592
Jun 25-29, 2007
Orlando, USA
Agenda Item:       5.2.2



Source:
Motorola
Title:
RLC header design
Document for:     Discussion
1
Introduction

RLC header construction is required during (a) Segmentation / Concatenation of RLC SDUs to form RLC PDUs for MAC consumption (b) Resegmentation of RLC PDUs in error to form Sub PDUs or PDU segments. In this contribution, we propose an enhancement to existing RLC header designs. The RLC PDU header and sub PDU header overheads are minimized. In addition, the scheme supports multi-level resegmentation and improves recovery from permanent delivery failures of PDU segments.
2
Discussion
There have been several contributions [1],[2],[3] which have elucidated the need for a RLC SN that is independent of the PDCP SN. This is because the issues/complexities introduced due to layer violation across PDCP and RLC identified would be expensive compared to the overhead reduction gains due to SN sharing between PDCP and RLC.  In light of this understanding, there have been several proposals in the regime of RLC header design that are elegantly summarized in [4].  The key metrics used to evaluate these proposals are:
1. Minimal Bookkeeping and Overhead- There may be a need to keep track of past segmentation decisions to determine sequence of bytes to be retransmitted. In addition, the size of the transport block changes dynamically. As a result, bookkeeping must be kept to a minimum. Also, since HARQ residual error rate is around 1%, the probability of resegmentation is relatively small. So the proposed scheme needs to optimize PDU header sizes more than Sub PDU header sizes.
2. Support for Multiple levels of resegmentation- This provides additional flexibility to the RLC layer in terms of error control during extreme channel conditions. This has already been agreed upon in RAN2 #56.
3. Ability to recover some SDUs from partial reception of PDU segments-  When one or more segments of a RLC PDU are lost permanently, it would be desirable to recover some RLC SDUs from successfully received segments of RLC PDU.
The schemes in [4] can be broadly divided into two categories
1. SDU-based RLC SNs: SN increments are strictly greater than 1 when concatenating SDUs to form PDUs. Qualcomm [5], Nokia [6] and NEC [7] can be grouped in this category.
2. PDU-based RLC SNs: SN always increments by 1. Panasonic [8], LGE [9] and Ericsson [4] are grouped in this category.
Not surprisingly, the schemes with SDU-based SNs tend to have higher overheads as the range of sequence numbers to be represented is larger.  In fact, the overheads for the header of a RLC PDU formed by concatenating N RLC SDUs under the six proposals are given as follows [4]:
	
	Qualcomm
	Nokia
	NEC
	LGE
	Panasonic
	Ericsson

	RLC PDU Header Size  (bits)
	23 + N * 12
	26 + N * 12 
or
15 + N * 12
	21 + N * 12 
or
17 + N * 13
	13 + N * 12

	13 + N * 12

	13 + N * 12 



Our original intention to optimize PDU header overhead over the rarer Sub PDU header, motivates us to consider RLC SN based on PDUs. The LGE and Panasonic schemes have provision for only one resegmentation. Ericsson’s scheme supports multi-level resegmentation. But the information regarding the N concatenated SDUs is included in the first PDU segment only. Therefore, a permanent loss of the first Sub PDU segment implies that no SDUs can be extracted from the remaining PDU segments that have been successfully received.  
This contribution attempts to overcome these disadvantages. The construction of the RLC header during the concatenation of RLC SDUs to form a PDU follows along the lines of other PDU-based schemes. The difference arises in the design of sub-PDU headers as shown in the figure below

[image: image1]
In the Sub-PDU header, the Segment Offset field specifies the byte-level orientation of the PDU segment in the original PDU. The Last Segment flag indicates if more PDU segments are to be expected. 
The Segmentation Indicator is a 2-bit flag that specifies if the first SDU and the last SDU in the PDU/PDU-segment are fragmented or not and more data is required for these SDUs in order to perform RLC SDU reassembly. Also, included in the PDU segment header is the list of Extension flags (E) and Lengths (LEN) for the component SDUs. An optimization to the number of the entries in this list is possible, where the number of entries in the list is one less than the total number of component SDUs.  Note that this list is provided for each and every PDU segment, as compared to Ericsson’s scheme where the entire list is found in the first PDU segment. As a result, in this scheme the receiver can still recover SDUs from partially received PDU segments, i.e. it is not vulnerable to the loss of the first PDU segment. 

The overhead for PDU header is same as in other PDU-based SN schemes. Next we outline the overhead calculation for the Sub PDU header, when n is the number of SDUs constituting a PDU segment. 
	Header Field
	Description
	Required bits

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

	D/C Field
	Data/Control Field
	1 bit

	P Field
	Polling Bit
	1 bit

	RLC SN
	The RLC sequence number
	10 bits

	Segment Offset
	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

	Segmentation Indicator
	Segmentation at front and at back
	2 bits

	(E, Length Indicator)
	n *(1+(log(1500)/log 2()
	n*12

	Total
	
	31 + n*12 bits


Segment Offset (SO) field optimization:  Let T be the maximum PDU size and U be the highest common factor of all possible PDU sizes. In this case, instead of a byte-level segment offset representation, the SO can denote the number of U-bytes that have occurred before this PDU segment in the original PDU. This would require only log​​2(T/U) bits. For example, if U is 50 bytes, the SO field needs only 9 bits (as against 15 in the byte-level representation).
3
Analysis
    Let N be the number of SDUs concatenated in a PDU and K be the number of PDU segments. Then in Ericsson’s proposal the total overhead comes to 44+N*12 + (K-1)*42. This is because the first PDU segment carries the segmentation information for the N SDUs.

If n(i) is the number of SDUs in PDU segment i, in the enhancement proposed here the total sub PDU overhead (excluding D/C and Polling Bits for comparison purposes, since they were not included in other proposals, i.e. total header size should be reduced from 31+12n to 29+12n) is:

29*K+12*
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Now let t be the total number of additional SDU segments produced due to the resegmentation. For example, if only one SDU gets split and sent as part of two PDU segments, then t =1. If one SDU gets divided into 3 and gets sent in three PDU segments, t=2. Alternatively if two SDUs gets split independently and get sent in separate PDU segments, t=2. Note that there are K partitions that we make of the original PDU, i.e., we draw (K-1) dividing lines on the original PDU, and, in the worst case, none of these dividing lines may coincide with that of an SDU boundary. Hence, the number of additional SDU segments formed, t, will always be smaller than the number of PDU segments K. 

We can observe that
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Therefore, for the proposed scheme’s sub PDU overhead to be lower than Ericsson’s, it is necessary that

       29*K +12*(N+t) < 44 + 12*N + (K-1)*42

This implies t < (13K+2)/12 ~ K. 

As mentioned earlier, t will always be less than K. Therefore this scheme’s sub PDU overhead will always be smaller than that of the Ericsson proposal. Additionally, this is robust to partial PDU receptions.
4
Conclusions

In this contribution, we highlighted some issues that are taken into account while discussing RLC header structure. We outlined the advantages of using a Segment Offset (SO) and list of lengths (LEN) of component SDUs, to reduce the overhead caused by resegmentation. In addition, this supports multiple levels of resegmentation and provides increased robustness against transmission failures of PDU segments.
References

[1] R2-062905, L2 Framing for LTE, NTT DoCoMo, Ericsson, LG Electronics
[2] R2-061977, “RLC sequence numbering for LTE”, NTT DoCoMo
[3] R2-061860, “RLC retransmission unit, re-segmentation and sequence numbers”, Ericsson
[4] R2-063249, RLC resegmentation, email rapporteur
[5] R2-062958 RLC considerations Qualcomm Europe
[6] R2-062754, PDCP/RLC/MAC PDU structure, Nokia 
[7] R2-062878, L2 Framing, NEC
[8] R2-060893, LTE – data framing, Panasonic 
[9] R2-062425, Discussion on on RLC/MAC Format, LG Electronics Inc.
 LEN





 E





  SI





 LSF





  SO











Sub PDUs





PDUs





SDUs





 K+3





     K+2





 K+1





  K





 LEN





 E





  SI





  SN





P









































T





D/C





  SN





P





T





D/C





RLC PDU Header = {Type, D/C, P, RLC SN, Segmentation Indicator, list of {Extension flag, Length} for component SDUs}


RLC Sub-PDU Header = {Type, D/C, P, RLC SN, Segment Offset, Last Segment Flag, Segmentation Indicator, list of {Extension flag, Length} for component SDUs}
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