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1 Introduction

This document addresses the open issues pertaining to the RLC Header format for LTE [1]. 

It is aligned with our earlier contributions [3], which describes the format of the RLC header. It supports (overall) byte-aligned format for sub-headers in the RLC header and provides reasons for the different field types and the number of bits allocated in the header. Thus, it addresses the open issues mentioned in the RLC conference call minutes pertaining to header format [2].
The format of RLC status message is outside the scope of this document.

2 Background

During the previous RAN2 meetings a number of decisions regarding RLC operation have been made. The following is a summary of these decisions:

· RLC performs concatenation and segmentation of RLC SDUs. RLC PDUs may be of variable size and one sequence number is assigned per PDU.

· RLC maintains a sequence number space for AM and UM mode operation. At RAN2#56, it was decided to assume a RLC PDU based RLC SN which is independent from the PDCP SN. 
· Several re-segmentations of a single RLC PDU needs to be supported. The retransmission unit can either be RLC PDU or a portion of the original RLC PDU. It was decided to use SO (Segment Offset) (as opposed to Sub-SN) in order to indicate the position of the AMD PDU segment within the original AMD PDU. 

· RLC is responsible for in-sequence delivery to the PDCP layer (except during handovers).
· The overall headers as well as the individual sub-headers in RLC are byte-aligned.

The outstanding issues that will be addressed in this contribution are as follows:

· Fixed header format

· Alignment of AMD PDU and UMD PDU headers
· Polling Indication

· Indication of PDU type within the header

· SN field size

· Framing header format
3 Addressing the Open Issues in the RLC Header Format 
3.1 RLC Header Format

The figure below represents a possible header format for the RLC header and sub-headers. This format is closely aligned with our earlier contribution [7].We will use this figure to explain our stand with regards to the open issues in the RLC header format.
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Figure 2: Generic Header for a RLC Data PDU. Re-seg header is present only for                              AM mode PDUs that have been re-segmented.
3.1.1 Alignment of AMD and UMD header formats
We propose to have a single format for the fixed portion of the header for the AMD and UMD modes. For the header format proposed in Figure 2, the potential saving for the UM mode is only in terms of removal of the Poll bit, Reseg bit and the D/C Flag. However, there is no apparent benefit in not having these three bits since we are proposing byte-aligned sub-header formats and hence these bits need to be padded anyway.

3.1.2 Inclusion of Poll bit
We would prefer to have the poll bit included in every transmission as it does not increase the size of the byte-aligned fixed header portion for the RLC header format proposed in Figure 2. 
3.1.3 Inclusion of PDU type 
We would also like to include the D/C flag. This is a 1-bit field, which will not have an impact on the fixed portion of the RLC header (presented in Figure 2) as we are proposing for the sub-headers to be byte-aligned. 
3.1.4 SN field size
We would prefer to have a 10-bit field for SN to prevent any window stalls for non-real time traffic in the AM mode (or) to identify the RLC PDU uniquely. A 10-bit field would allow for a SN space of 1024 and so the window size can be as high as 512 and still ensure that the RLC PDU can be identified uniquely. We believe that this should be sufficient even for non-real time traffic. For real-time traffic such as VoIP, the window sizes typically never exceed 2-4.
3.1.5 Inclusion of Seg, FS and LS fields 
Also, we would prefer to indicate whether the PDU is a PDU segment or not for the first and last PDCP segments in the RLC PDU by specifying it in the fixed header portion with the: FS and LS field. If there is a single segment, indicated by having the seg flag set to 0 (indicating that there is no framing sub-header), the FS and LS fields are interpreted as follows:
	Type of PDCP PDU segment 
	Last Segment (LS) 
	First Segment (LS) 

	Un-segmented
	1
	1

	Last
	1
	0

	First
	0
	1

	Continuing
	0
	0


Figure 3: LS and FS for one PDCP segment contained in RLC Data PDU

In this case, the length of the single PDCP PDU segment is derived from the overall size of the RLC PDU and the sizes of the individual headers.

If on the other hand, there are two or PDCP PDU segments, the seg flag is set to 1 (indicating that the framing header is present). In this case, the FS and LS fields are interpreted as follows:

	Type of PDCP PDU segments (first and last segment only)
	Last Segment (LS) 
	First Segment (LS) 

	Un-segmented, Un-segmented
	0
	0

	Last, Un-segmented
	1
	0

	Un-segmented, First
	0
	1

	Last, First
	1
	1


Figure 4: LS and FS for two or more PDCP segments contained in RLC Data PDU

Here, the LS field is used to indicate if the first segment in the RLC PDU is a complete un-segmented PDCP PDU or a last segment of a PDCP PDU. 

Similarly, the FS field is used to indicate if the last segment in the RLC PDU is a complete, un-segmented PDCP PDU or the first segment of a PDCP PDU. The intermediate segments in the RLC PDU, if present, are all un-segmented PDCP PDUs.
3.1.6 Framing header format
We propose to have the following two fields in the framing header portion: (i) the End Flag (EF) field (1-bit) to indicate if this is the last PDU segment embedded in the RLC PDU; and (ii) the Length Indicator (LI) field of 11-bits to indicate the number of bytes of this particular PDCP PDU segment embedded in the RLC PDU.  
4 Conclusion

This document proposes our position on the open issues with regards to the RLC header format for LTE. It specifies the exact fields in the fixed portion and the framing header portion of the RLC header, and proposes a byte-aligned sub-header format that supports segmentation, concatenation and re-segmentation. 
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6 Appendix A – Other Cases of Header Formats
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Figure 5: RLC Header for a New RLC Data PDU with two or more PDCP PDU segments                    (No re-segmentation). This is also the header format for all UM RLC PDUs.
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Figure 6: RLC Header with only 1 PDCP PDU in a RLC PDU with no resegmentation. The RLC SDU is not fragmented and so there is no RLC framing header.
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