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1.
Introduction

RAN2 has agreed a CR [1] changing the interpretation of the first extension flag to indicate that a single complete RLC SDU exactly fits into RLC PDU. This change optimizes the RLC UMD header size for the most used SDU sizes as well as tells to the receiver that the complete SDU is included into this PDU and that SDU can be delivered to higher layers even if the previous or the next PDU is missing. This is very useful for the most frequently used VoIP packet sizes. 

During the RAN2 email reflector discussion, it was realized that the most frequent RLC PDU sizes of NB-AMR 12.2 kbps (36 octets) and WB-AMR 12.65 kbps (37 octets) both end up using the same TB size. Currently different RLC PDU size is needed for both since the most frequent RLC SDU size of 12.2 kbps codec, i.e., 35 octets cannot optimally be sent in 37 octets PDU since the end of the SDU cannot be indicated within the same PDU and the special LI=0000000 has to be sent in the next PDU.

This contribution proposes a new special LI such that for single SDU within a PDU the start and the end of the SDU can always be indicated within the same PDU. This is especially useful for real time services such as VoIP. Futhermore, it is proposed that this new feature could be switched on using RRC signaling together with the new interpretation of the first extension flag.

2.
Discussion

For the RT services, like VoIP, over HSDPA, the number of different RLC PDU sizes is limited to 8 due to three bit SID (size id), and therefore, it is not possible to define optimal RLC PDU sizes for all possible RLC SDU sizes. This is especially true for the VoIMS using multirate AMR codec. Due to ROHC header compression, several different SDU sizes are received by the RLC. This leads quite often into a situation where the RLC SDU is two octets smaller than the next bigger RLC PDU. Then, in addition to the sequence number, special LI=1111100 is used to indicate the start of the SDU but the end of the SDU cannot be indicated within the same PDU. Then at least two alternatives exist: either select a bigger PDU size (typically leading to extra padding) or indicate the end of the SDU in the next PDU by using the special LI=0000000. The latter alternative typically also means extra padding as explained below.

The use of the special LI=0000000 creates undesirable dependence between SDUs, i.e., if the next PDU is lost, the receiver never gets the information about the end of the previous SDU and even that SDU has to be discarded. With HSDPA, where the scheduler is in the Node B, the RLC should deliver all the RT SDUs as soon as possible to MAC-hs. Therefore, also the special LI=0000000 should be delivered to MAC-hs together with the RLC PDU containing the SDU. Otherwise, the LI indicating the end of the SDU will get different starting time moment for discard timer and may be delayed too much by the Node B scheduler. 
In the worst case, if MAC-hs schedules several VoIP packets together, the LI indicating the end of the previous SDU may be delayed by several tens of milliseconds. On the other hand, when the special LI=0000000 is delivered to MAC-hs immediately, it has to be sent in an RLC PDU of its own which also creates extra padding.

It is thus noticed that an RLC SDU which is two octets smaller than the next bigger RLC PDU, typically creates extra padding. Extra padding is not needed if the SDU is one or three octets smaller than the RLC PDU.

A new special LI value 1111101 is proposed to be introduced for RLC UMD PDUs to indicate that RLC SDU both starts and ends in this RLC PDU. This would solve the above mentioned problem with an RLC SDU which is two octets smaller than the RLC PDU. 

The proposed new LI would also allow using same RLC PDU size for both NB-AM of 12.2 kbps and WB-AMR of 12.65 kbps, which anyway use the same TB size in HSDPA and as well as in HSUPA for 10 ms TTI.

2.
Proposed changes

The special LI value 1111101 could be taken in use for RLC UMD PDUs to indicate that RLC SDU both starts and ends in this RLC PDU. 

The following tables show the current use of the special LI values (7 bits) (TS 25.322 v.6.4.0) as well as the needed change:

	Bit
	Description

	0000000
	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. 

	1111100
	UMD PDU: The first data octet in this RLC PDU is the first octet of an RLC SDU. AMD PDU: Reserved (PDUs with this coding will be discarded by this version of the protocol).

	1111101
	UMD PDU: The first data octet in this RLC PDU is the first octet of an RLC SDU and the last octet in this RLC PDU is the last octet of an RLC SDU (same or different SDU). 
AMD PDU:Reserved (PDUs with this coding will be discarded by this version of the protocol).

	1111110
	AMD PDU: The rest of the RLC PDU includes a piggybacked STATUS PDU. UMD PDU:  The RLC PDU contains a segment of an SDU but neither the first octet nor the last octet of this SDU.

	1111111
	The rest of the RLC PDU is padding. The padding length can be zero.


The following figures illustrate the change. In Figure 1, with the proposed change, the SDU that is included in the RLC PDU number SN+1 can be delivered to higher layers even if RLC PDU number SN+2 is lost. Figure 2 shows the case where the last RLC SDU exactly fits into the RLC PDU and current spec requires an additional RLC PDU with padding to indicate the end of the SDU.
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Figure 1 Current spec (left column) and proposed change (right column) for SDUs exactly fitting into the RLC PDU
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Figure 2 Last SDU that exactly matches the RLC PDU, current spec requires an extra PDU with padding to indicate that the SDU ended in the previous PDU

Figure 3 shows that the proposed change also works when multiple SDUs fit exactly within a PDU.
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Figure 3 The proposed change with multiple SDUs exactly fitting into a PDU.

No change for the AMD operation is proposed.

The change is shown only for 7 bit LI. It is possible to make it work also for 15 bit LI but two new special LIs would be needed to indicate that the RLC SDU both starts and ends in this RLC SDU: one for exact fit and the other with one octet padding.

3.
Conclusions

It is proposed that the special LI=1111101 is used for UMD to indicate that the first data octet of the RLC PDU is the first octet of an RLC SDU and the last octet of the RLC PDU is the last octet of an RLC SDU. 

No change for the AMD operation is proposed.

Once agreed, we are happy to prepare the needed CRs.
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