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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 RF (Re-segmentation Flag) field in [3] and RI (Re-segmentation Info) field in [4].  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 currently FFS.  While SN has a length of 12 bits in Rel-7, 10-bit SN is proposed by quite a few companies [3][4] so that a byte-aligned RLC header can accommodate SN and other fields.  With all these assumptions, the RLC PDU segment header needs 4 bytes as proposed by [3].
Aiming to reduce segment header by one byte, this document optimises the segment header fields and decide the granularity of an RLC PDU segment.  A structure for segment header is proposed.
2
Granularity of RLC PDU segments
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, suppose a maximum RLC PDU size of 214 bytes corresponds to the highest date rate of an LTE system.  Cutting to half of the maximum RLC PDU size can increase signal strength or spreading gain by 3 db.  One quarter of the maximum RLC PDU size can increase signal strength by 6 db.  Similarly, 1/16 of the maximum RLC PDU size can increase signal strength by 3* 4 = 12 db.  And, 1/256 of the maximum RLC PDU size can increase signal strength by 3* 8 = 24 db.  
One way to decide the proper segment granularity is to meet the dynamic range requirement of the radio system.  We assume 24 db would the quite enough to deal with most radio condition variations.   In other words, a granularity of 214/28 = 26 = 64 bytes needs 8-bit SO field and can achieve 24-db dynamic range.  Another way to decide the segment granularity is to decide available bit length in a byte aligned segment header after optimizing segment header.  The second way may get a better result.
3. Segment header optimization
To be able to reassemble the original RLC PDU, the minimum needed fields in a segment header are RF, SN, SO, LSF.

These four fields are sufficient for RLC PDU segments of a RLC PDU except the first RLC PDU segment of the RLC PDU.  Besides, P bit may be needed in the segment header.  For the first RLC PDU segment of the RLC PDU, another four fields, D/C, P, SI and E, may be needed in the segment header.  Therefore, header for the first RLC PDU segment of the RLC PDU contains more information than header of other RLC PDU segments of the same RLC PDU.

Note that, since the segment header for the first RLC PDU segment contains extra fields when compared to other RLC PDU segments of the same RLC PDU, there is a need to indicate whether a RLC PDU segment is the first or not.  Fortunately, this can be done without extra bit in the segment header.  This is illustrated in Section 3.3.

3.1

D/C field

D/C field is needed in RLC PDU and STATUS PDU.  However, since STATUS PDU is not segmented, D/C field is not needed in the segment header.  To exclude D/C field in a RLC PDU segment, RF field must locate before D/C field in a RLC PDU and in a STATUS PDU.  This implies that it needs two bits instead of one to indicate a PDU is a STATUS PDU.  This is the cost to excluding D/C field from a segment header.

3.2

P bit
When an RLC PDU is segmented for the first time, it is assumed that poll is triggered at the last RLC PDU segment.  Thus, LSF bit can serve as P bit at the same time.  When an RLC PDU segment, Segment A, is missing and is negatively acknowledged for retransmission, it may or may not be re-segmented.  If the RLC PDU segment A is not re-segmented, when it is received, the receiver sends a status report as if it is polled.  Therefore, in this case P bit is not needed.

If Segment A is re-segmented into n RLC PDU segments, A1, A2, …, and An, it is assumed that poll is triggered at An.  There may be two possibilities: 

(1) Segment A is the last segment of the RLC PDU.  In this case, An will be the last segment again so that LSF field can serve as P bit again.

(2) Segment A is not the last segment of the RLC PDU.  In this case, we assume the next received segment, Segment B, is a segment next to Segment A because HARQ lost rate is extremely low.  In this case, the receiver is able to detect whether a received segment Ai is the last re-segment of Segment A or not by SO in Ai, size of Ai, and SO in segment B which is the segment next to Segment A.  For example, suppose that Segments A1, A2, …, and An have size of 2 units.  Suppose that SO in Segment B shows that Segment B starts from the 10th unit of a RLC PDU.  If a received segment Ai shows SO starts from 8th unit of a RLC PDU, the receiver knows that Ai actually is Segment An, and a status report is triggered as if segment Ai carrying a poll.  Thus, P bit is not needed in this case.

In summary, P bit is not needed in the segment header when implicit polling scheme described above is supported.  Note that the only complexity is for case (2) above.  Considering that an extra bit space for SO increases dynamic range by 3 db, the complexity is worthy.  On the contrary, if this complexity is not wanted, SO space is reduced by one bit and the segment header can still be accommodated in 3 bytes.

3.3

Indication of the first RLC PDU segment
The first RLC PDU segment always has an SO indicating that the offset is zero.  Therefore, the value of SO field can indicate whether the segment is the first RLC PDU segment or not.  No extra bit is needed in the segment header.   However, it is obvious that SO field had better locates before the fields, i.e. SI field and E bit, which are included only in a segment header of the first RLC PDU segment.

3.3

Segment header structure after optimization
With the above optimizations, the RLC PDU segment header looks like Figure 1.  One can see that 19 bits can be used for SN and SO.  If SN is 10 bits as proposed by [3] and [4], SO can be 9 bits and 27-db system dynamic range can be achieved.  9-bit SO field can indicate the position of the AMD PDU segment in unit of 32 bytes within the original AMD PDU if the maximum PDU size is 1014 bytes.  

If Poll bit is wanted for simplicity, 8-bit SO field can be used, which indicates the position of the AMD PDU segment in unit of 64 bytes within the original AMD PDU.  If this granularity of RLC PDU segment is acceptable, it is proposed to add P bit in Figure 1 and reduce SO field to 8 bits for simplicity as shown in Figure 2.
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Figure 1:  Header for the first RLC PDU segment when implicit poll is supported.

For segments that are not the first RLC PDU segment, i.e., SO≠0, the last three bits of the segment header are reserved.
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Figure 2:  Header for the first RLC PDU segment when implicit poll is NOT supported.

In the header structures shown in Figures 1 and 2, LI + E fields are not shown and are treated as contained in Data 1 field.

4.
Conclusions
An RLC PDU segment header structures is proposed.  If RLC PDU segment granularity of 64 bytes is acceptable, Figure 2 is proposed.  Else, Figure 1 is proposed and implicit polling scheme illustrated in Section 3.2 is supported.  If granularity of RLC PDU segments needs to be finer, SN can be reduced by 1 or 2 bits to have longer SO field length.
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