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1
Introduction

It has been decided to support segmenting and re-segmenting an RLC PDU into RLC PDU segments due to radio condition changes.  In the current stage-3 specification [1], a Segment Offset (SO) field is used to indicate the position of the AMD PDU segment in bytes within the original AMD PDU.  The length of SO field is not decided in [1].  In the RLC telephone conference [2], it is mentioned that the SO field is at least 14 bits and needs 15 bits to cover the maximum TB size case.  Besides, a Last Segment Flag (LSF) field of 1 bit is used to indicate whether or not the last byte of the AMD PDU segment corresponds to the last byte of an AMD PDU [1].  Also, in [2] (section 2.6.3), it is pointed out that there is a need of Type field, which is at least 1 bit, to indicate whether a SO field exists in the header.  This Type field can be called as SOI field.  Furthermore, to facilitate reassembly of RLC PDU from RLC PDU segments, SN of the RLC PDU need be included in the RLC PDU segment header.  Depending on reusing PDCP SN or not, the SN length is FFS.  Assuming SN has a length of 12 bits as used in Rel-7, the RLC PDU segment header will have a length of 1(SOI) + 15 (SO) + 1 (LSF) + 12 (SN) = 29 bits at least.  If polling bit is added, 30 bits are needed.  In other words, RLC PDU segment header needs 4 bytes.

Besides the heavy overhead for the RLC PDU segment header, status report for a RLC PDU segment is also cumbersome.  For example, to negatively acknowledge a RLC PDU segment, starting and ending position need be reported.  Otherwise, starting position of a missing RLC PDU segment plus starting position of the next received RLC PDU segment need be reported.  In either case, 15 *2 + 12 (SN) = 42 bits is needed to negatively acknowledge a missing RLC PDU segment.

This document presents a scheme to shorten the SO length so as to reduce the overhead of RLC PDU segment header.  Besides, a status report structure for negatively acknowledging a missing RLC PDU segment is proposed.
2
Requirement analysis for AMD PDU segmentation

The requirement for segmenting and re-segmenting an RLC PDU is to adapt the data rate according to the radio conditions.  To satisfy the requirement, the granularity of a RLC PDU segment can be much coarser than 1 byte.  Specifically, cutting to half of the original RLC PDU size can increase signal strength or spreading gain by 3 db.  One quarter of the original RLC PDU size can increase signal strength by 6 db.  Similarly, 1/16 of the original RLC PDU size can increase signal strength by 3* 4 = 12 db.  And, 1/256 of the original RLC PDU size can increase signal strength by 3* 8 = 24 db.  Thus, depending on the dynamic range of a radio communication system, the granularity of the RLC PDU segment can be decided accordingly.  We assume 24 db would the quite enough to deal with most radio condition variations.
3.
Proposal for SO field optimization

3.1

Basic Idea
To reduce overhead of RLC PDU segment header, we propose to have two fields to indicate position of the RLC PDU segment within the original RLC PDU.  One field, called total segment number indicator (TNI), indicates total number of segments from the original RLC PDU.  The other field, called segment number indicator (SNI), indicates the sequential number of the RLC PDU segments within the total number of segments.  This is similar to indicate a page in a document by [total number of pages] - [page nuber], as shown in the page foot of this document. 

Figure 1 shows an example wherein the maximum allowed total number of segments is 16 so that TNI and SNI need at most 4 bits.  The total number of segments is 8 in Figure 1.



	
	
	
	
	
	
	
	
	



Figure 1. Basic idea of SO optimization

In Figure 1, the dashed line shows how to segment a PDU when byte length of the PDU can not be exactly divided by the total number of segments to make all the other segments have the same length except one (last one in Figure 1.)  This is quite detail and is not an essential part of the basic idea.

3.2
Further optimization of TNI field

Since the total number of segments need not have a granularity of 1, TNI length can be optimized.  For example, if a maximal allowed total number of segment is set to 256, which gives a power dynamic range of 24 db as stated before, the total number of segments can be chosen from the set of {2, 4, 8, 16, 32, 64, 128, 256}.  Therefore, only 3 bits is needed for TNI.  The mapping table could be as Table 1.

	TNI
	Total number of segments

	000
	2

	001
	4

	010
	8

	011
	16

	100
	32

	101
	64

	110
	128

	111
	256


Table 1. TNI mapping table

Figure 2 shows an example wherein RLC PDU is segmented into 256 segments.  Even with such a high dynamic range, the header needs only 3 bits (TNI) + 8 bits (SNI) = 11 bits.
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Figure 2. Optimizing TNI field

3.3
Further optimization of SNI field

Further more, since SNI need not indicate numbers larger than the total number of segments indicated by TNI, SNI field length could be further optimized by adapt its length according to TNI.  For example, if TNI indicates 256, SNI is 8 bits.  But, if TNI indicates 8, SNI need only 3 bits.

Figure 3 shows an example wherein the maximum allowed total number of segments is 256 and there are only 16 possible values for the total number of segments as shown in Table 1.  The total number of segments is 8 in Figure 3.  Thus, TNI is optimized to 3 bits and SNI is optimized to 3 bits.



	
	
	
	
	
	
	
	
	



Figure 3. Optimized TNI and SNI

4.
Discussion

With the optimized SO field presented in Section 3 above, LSF is not needed while SOI and SN are still needed.  Assuming RLC SN is 12 bits, the length for the RLC PDU segment header becomes:

1) With TNI optimized only and maximum total number of segments being 256, the header length is

1 (SOI) + 3 (TNI) + 8 (SNI) + 12 (SN) = 24 bits.  Thus, if polling bit is needed, 4-byte header is needed.  There is no gain over current SO field scheme.

2) With TNI optimized only and maximum total number of segments being 128, the header length is

1 (SOI) + 3 (TNI) + 7 (SNI) + 12 (SN) = 23 bits.  Thus, polling bit can be allowed for 3-byte header.

3) With both TNI and SNI optimized and maximum total number of segments being 256, the header length is adaptive according to total number of segments. For example, when total number of segments is 8, the header length is

1 (SOI) + 3 (TNI) + 3 (SNI) + 12 (SN) = 19 bits.  Thus, polling bit can be allowed for 3-byte header for all of the allowed total number of segments except 256.

4) With both TNI and SNI optimized and maximum total number of segments being 128, the header length is adaptive according to total number of segments. For example, when total number of segments is 8, the header length is

1 (SOI) + 3 (TNI) + 3 (SNI) + 12 (SN) = 19 bits.  Thus, polling bit can be allowed for 3-byte header for all of the allowed total number of segments.  Case 4) has no gain over Case 2).

If RLC SN is 11 bits or less, the best choice is 

5) With TNI optimized only and maximum total number of segments being 256, the header length is

1 (SOI) + 3 (TNI) + 8 (SNI) + 11 (SN) = 23 bits.  Thus, polling bit can be allowed for 3-byte header.

In summary, depending on the actual RLC SN length, different configurations 2), 3) and 5) can be chosen for best performance.

5. Status report using TNI and SNI

With TNI and SNI to replace SO and LSF, status report can be optimized because each RLC PDU segment can be uniquely represented by TNI + SNI + RLC SN.  With TNI optimized only (as in Figure 2), for each missing RLC PDU segment, the NACK needs 3 (TNI) + 8 (SNI) + 12 (RLC SN) = 23 bits rather than 42 bits with current SO scheme.
6.
Conclusions

It has been shown that RLC PDU segment header can be reduced from 4 bytes to 3 bytes with optimized SO scheme.  We propose to determine a best configuration among 2), 3) and 5) depending on the final decision on RLC SN length.  We prefer to use configuration 5), which requires RLC SN to be 11 bits or less.
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5th segment:


TNI = 111


SNI = 0000 0100





1st segment:


TNI = 111


SNI = 0000 0000





Last (256th) segment:


TNI = 111


SNI = 1111 1111





Original RLC PDU





last segment:
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3rd segment:
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SNI = 010





1st segment:
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