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1. Introduction
During the RAN WG2 meeting in Beijing (RAN2 #46bis) two RLC optimizations were presented for VoIP support (see [1]). Among the various considerations, it was agreed to modify the LI structure so as to reserve one bit to indicate the beginning of an SDU.
In section 2 of this document, the proposed modification is explained in greater details and in section 3 of this document we discuss in which scenarios the proposed modification is applicable. A draft CR is given in appendix A. 
2. RLC LI optimization
In the latest RLC specification, it is mentioned that an additional length indicator is inserted to indicate the beginning of an SDU if the receiver may face an ambiguity in case of a PDU loss. 
This additional LI has the special value “1111100” or “111111111111100” if 15 bit LIs are used.
In the RAN2 #46bis meeting it was agreed that this scheme could be optimized further if the LI structure was changed and 1 bit was allocated to indicate whether the SDU it is referring to begins in the current PDU or not. This way, the additional LI is not needed and 1 byte of overhead per PDU can be saved. This 1-bit flag is henceforth known as the “SDU beginning” flag.
The cost of this improvement is that LIs will have a reduced range of PDU sizes they can be used with. Currently for example, a 7-bit LI has 5 special values and can therefore be used with PDU sizes up to 126 bytes for RLC UM and 125 bytes for RLC AM. Since 1 bit is now put aside for the SDU beginning flag, the resulting 6-bit LI with 5 special values can be used with PDU sizes up to 26-5(special) + 1(rlc header) + 1(LI and E bit) = 61 bytes for RLC UM and 62 bytes for RLC AM.
Since the role of the special LI value “1111100” is now covered by the SDU beginning flag, this special value could be used to increase the range of PDU sizes to 62 and 63 bytes respectively (instead of 61 and 62 bytes). However, given that the range increase is very small (1 byte), we propose instead to keep it as a reserved field.
The field once know as “Length Indicator” now consists of 2 fields:

· the “SDU beginning” flag: a 1-bit flag which indicates if the SDU’s first octet is located in the same PDU as its last octet.
· the actual “Length Indicator” field: a 6-bit field which is set to the number of octets between the end of the RLC header and up to and including the last octet of an RLC SDU segment.
One can note that as per the definition stated above, both the “Length Indicator” and the “SDU Beginning” fields refer to the same SDU. 

In cases where the “Length Indicator” field is set to a special value, the “SDU beginning flag” is usually irrelevant except in the “0000000” case.
Indeed the “0000000” special value indicates that the previous RLC PDU was exactly filled with the last segment of an RLC SDU and there is no "Length Indicator" that indicates the end of the RLC SDU in the previous RLC PDU. In this special case, we can use a slightly different definition for the “SDU Beginning” flag: A 1-bit flag which indicates if the SDU’s first octet (corresponding to SDU 2 in the example below) coincides with the previous PDU’s first data octet (corresponding to PDU 2 in the example below).

If the previous PDU (PDU 2 in the example below) is lost, the RLC receiver will still be able to know if the PDU received before (PDU 1 in the example below) can be forwarded to the upper layers or should be discarded (this is illustrated in Figure 1).
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Figure 1: If PDU 2 is lost, RLC receiver will be able to distinguish between scenarios A and B
3. Applicability
Although the described improvement can be applicable in any RLC UM or AM mode, it would make sense to limit its application to a subset of them. 

Since the purpose of this scheme is to optimize a scheme that is applicable for both the 7 and 15 bit LIs of RLC UM, the simplest way forward is to apply this optimization for the 7 and 15 bit LIs of RLC UM. 

This scheme provides general overhead improvement for RLC UM thus we propose that is should be mandatory for Release 6 UEs and optional for Release 6 UTRAN.
4. Backward Compatibility
The optimization described requires a change of the LI structure (by allocating 1 bit to indicate the “SDU Beginning” flag) hence we need to address the cases where legacy UE/UTRAN communicate with R6 UE/UTRAN:

· Legacy UE – Legacy UTRAN: N/A

· Legacy UE – R6 UTRAN:

· The R6 UTRAN knows the legacy UE will use the existing LI structure on the UL and won’t understand the new LI structure on the DL thus there is no ambiguity.
· The legacy UE will use the existing LI structure on the UL and knows what LI to expect on the DL as it is signalled in the “DL RLC UM LI size” IE.

· R6 UE – Legacy UTRAN:

· The legacy UTRAN will use the existing LI structure and signals it to the UE in the “DL RLC UM LI size” IE. On the UL, it expects the UE to use the existing LI structure.

· The R6 UE does not know which LI structure to use on the UL thus it needs to be signalled. It however knows what LI to expect on the DL as it is signalled in the “DL RLC UM LI size” IE.
· R6 UE – R6 UTRAN: 
· The R6 UTRAN needs to be able to decide whether to use the new or the existing LI structure on the DL and thus it needs to be signalled. On the UL, the UTRAN knows the UE is able to support the new LI structure (because it is mandatory for R6) but the UE doesn’t know if the UTRAN supports it thus the UTRAN needs to signal whether to use the existing of the new LI structure.

· The R6 UE knows which LI structure to expect on the DL because it is signalled in the “DL RLC UM LI size” IE. However, although it supports the new LI structure, the UE doesn’t know whether the UTRAN supports it or not thus it needs to be signalled.
From the cases listed above, we conclude that in order to solve any ambiguity, the UTRAN requires the following additional signalling options:
· A R6 UTRAN must be able to signal an extended “DL RLC UM LI size” IE which would include the 6-bit and 14-bit possibilities. If the 6-bit or the 14-bit size is signalled, the UE shall assume the new LI structure will be used in the DL

· A R6 UTRAN must be able to signal if the UE should use the current or the new LI structure. If this new IE is not present in the RLC configuration, the UE shall assume the current LI structure shall be used.

We should note that for some common channels (e.g. CCCH or MCCH on FACH) it is possible that RLC PDUs from different UEs using different LI structures are mapped on the same transport channel. In this case the receiving RLC entity will not be able to distinguish between the different PDUs. To prevent this scenario from happening we propose to add a note in 25.331.
5. Conclusion
In this contribution we have presented an improved LI structure, discussed its applicability and proposed a way forward to solve any backwards compatibility issue, the main propositions are summarized below:
1. We propose to make this improvement mandatory for Release 6 UEs

2. We propose to make this improvement optional for Release 6 UTRAN

3. We propose that the new LI structure is applicable in RLC UM only
4. We propose to extend the “DL RLC UM LI size” IE to signal the 6-bit or 14-bit LI size
5. We propose to add a new IE in the RLC Info IE so that UTRAN can configure the use of the new LI structure

The attached documents contain draft CRs for 25.322 and 25.331 reflecting the conclusions above.
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