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1
Introduction

Based on the current agreement, this document further proposes the additional header field, the size of each header field, optimizations and how the required fields be packed for RLC.
2
Baseline for further discussion

In RAN2 58-bis, we have made several agreements on the RLC PDU format as follows: (below is a copy from [1])
1) RLC PDU consists of RLC PDU header and RLC PDU payload

2) RLC PDU supports segmentation/concatenation of RLC SDU’s / RLC SDU segments. Thus the RLC PDU payload consists of RLC SDU’s and RLC SDU segments

3) Only the first and last concatenated block can be an RLC SDU segment. All other blocks are RLC SDU’s. 

4) The RLC PDU header will indicate with 2 bits whether the first/last concatenated block is an RLC SDU or an RLC SDU segment.

5) The RLC PDU header has a SN.

6) In case of concatenation, the RLC PDU header includes the length of each RLC SDU/RLC SDU segment contained in the RLC PDU payload. Optimisations can be considered in the future for the last SDU/SDU segment.

7) In case of RLC resegmentation, the RLC header includes a byte based offset and “last segment flag”.
These are already captured in the stage-3 RLC specification [2].
3
Header format for RLC data message
3.1 Additional header elements
As captured in the stage-3 specification, it has been agreed that AMD PDU at least has Sequence number (SN), Length indicator (LI), Segmentation info. (SI), and Extension bit (E). As also captured in the stage-3 specification, it has been agreed that AMD PDU segment at least has Segmentation offset (SO) and Last segment flag (LSF).

In addition to these header elements, the header needs to indicate whether it is data or control, whether it is AMD PDU or AMD PDU segment, and whether polling is set or not. Earlier, we have proposed to put RLC control message into MAC control PDU. However, another LCID field would be required for RLC control message in that format as it has been agreed the LCID indicates the MAC control message. Thus, to simplify the structure, we propose to have D/C bit to indicate the RLC control message. This approach is very in line with [3].
Proposal 1: Header of AMD PDU and AMD PDU segment (so called fixed part) has data/control bit (D/C), Resegmentation indicator bit (R), and Polling bit (P).
3.2 Size of each header element

E, D/C, R, P and LSF are 1 bit, respectively. SI is 2 bits and LI is 11 bits as agreed. 
3.2.1
SN
As mentioned, we propose a PDU-based SN and this contribution assumes it. For example, 3 HARQ retransmissions take 16ms (25 ms) with 5-ms (8 ms) HARQ latency. Then, the ARQ reaction time to detect the PDU loss is of the same order, and can be assumed to be 30 ms for instance. The ARQ status report takes another 20ms in the opposite direction with HARQ retransmission. Thus, the total ARQ RTT is 70 ms, and 2 ARQ retransmissions take 210ms, which can be supported by 8-bit PDU SN. In case of MIMO, multiple RLC PDUs may be transmitted per TTI, and longer SN would be needed. Thus, considering the future proof, we propose 10 bit PDU SN. 

Proposal 2: RLC SN is 10 bits
3.2.2
SO
For supporting 100Mbps, 100Kbits=12.5Kbytes data needs to be transmitted per TTI (1ms). As there is a possibility that one RLC PDU occupies the whole MAC PDU, 14-bit are at least required for segmentation offset. In addition, as SO is used always together with LSF and they together should be octet-aligned, we propose 15 bits for SO.

Proposal 3: As agreed as a working assumption in the teleconference on Sep. 19th, SO is 15 bits.

3.3
Resegmentation

For resegmentation, whether the original header is encapsulated in the payload part of the AMD PDU segment or not needs to be agreed. In order to avoid the unnecessary repetition of RLC SN for lower overhead, the header encapsulation is not preferred. Also it would be efficient if the receiver can identify the position of each segment in the original RLC SDU only from the header of each AMD PDU segment. In accordance, we propose to generate the value of LI and SI for each AMD PDU segment. This approach is very in line with [4].
Proposal 4: As agreed as a working assumption in the teleconference on Sep. 19th, the payload of AMD PDU segment only contains the segment of AMD PDU payload, and the header of AMD PDU segment is regenerated based on the segmentation and concatenation of original RLC SDUs.

4
Header for RLC control message

4.1
Header elements

Compared to UTRAN, the RLC ARQ in LTE is supposed to be simplified very much, and many types of SUFIs in UTRAN would not be needed. Thus, instead of using D/C, PDU Type and SUFI type for the multiplexing as done in UTRAN, we propose to simplify the RLC header structure so that only D/C and RLC Control Type are used, and also to simplify the multiplexing mechanism so that each of RLC control message has its corresponding D/C and RLC Control Type fields. Based on this simplified structure, possible RLC control messages, such as RESET, RESET ACK, and one or some of Status reports, can be indicated by RLC control type. In addition, their naming is more descriptive.
As the size of RLC control message would be variable, for example, due to the number of ACK/NACK-ed RLC PDUs, the length of RLC control message needs to be indicated in the header explicitly. For allowing the concatenation of RLC control messages together with RLC data messages, D/C, LI and E are needed for RLC control message. In addition, for allowing the indication of RLC control type, we propose that the set of RLC header elements for one RLC control message have Control Type in addition to D/C, LI and E.

Proposal 5: The set of RLC header elements for one RLC control message are D/C, Control Type, LI, and E.

4.2 Size of each header element

D/C and E is 1 bit, respectively. 
4.2.1
RLC control type
RLC control messages would be mainly used for ARQ operation. The required control message types are still under discussion and we need to wait for that discussion. Temporarily, we assume 4 bits for RLC control type indicator in this contribution.

Discussion 1: The size of RLC control type needs to be discussed.
4.2.2
LI
The length of RLC control messages can be shorter than the maximum length of RLC SDUs or segments. Temporarily, we assume 8 bits for LI for RLC control for the octet-alignment.
Discussion 2: The size of LI for RLC control message can be shorter than those in RLC PDU. Its exact size needs to be discussed.
5 Optimization of RLC header

5.1
Packing of RLC header elements

As described in Section 2, we have agreed that RLC PDU consists of RLC PDU header and RLC PDU payload, which consists of RLC SDUs and RLC SDU segments [2]. Thus, RLC control messages are out of RLC PDU under the current definition. However, as the MAC header indicate LCID for RLC, putting the RLC control messages and RLC PDU belonging to the same logical channel together in the same MAC SDU is more efficient. As the size of MAC SDU can be adaptive, no piggybacking is needed, but just simply concatenating the RLC control and RLC PDU as shown in Figure 1 would be sufficient and efficient.
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Figure 1 RLC control messages and RLC PDU belonging to the same logical channel
Proposal 6: RLC control messages and RLC PDU belonging to the same logical channel are concatenated in the same MAC SDU.

5.2
Optimization for VoIP-like service

There are some services, such as VoIP, generating small packets. As discussed in [5], 7 bits are at least necessary, and would be sufficient as a length field for VoIP-like service. To allow this option, we propose to utilize the format (F) flag, which is used for the optimization of the length field in MAC header [5]. 

Proposal 7: Format flag (F) in MAC header indicate the header optimization for both MAC and RLC. 
Proposal 8: The shorter LI in RLC PDU for small packet optimization is 7 bits.
Furthermore, as VoIP-like services use only UM RLC, R and P can be omitted, and RLC SN can be shortened. Since the transmission interval of VoIP packet is long enough, PDU SN would be needed mainly for supporting segmentation and assembly. Thus, the length of RLC SN can be very short, for example 4 bits. 

Proposal 10: The shorter RLC SN in RLC PDU for small packet optimization is 4 bits.

Furthermore, if no segmentation and concatenation are needed, all header fields can be omitted. As MAC header has a room for this indication, we propose to define header elimination bit (HE) in MAC header for this indication. 

Proposal 11: MAC header has header elimination bit (HE) to indicate the elimination of RLC header. 

5.3
The order of each field
In order to reduce the processing load, avoiding bit shifting process is important. For achieving this, it is better to align the fields containing integer, such as LI and SN, to the end of octet. For this reason, E flag is put at the beginning in our proposal. 

Proposal 12: The fields containing integer, such as LI and SN, should be aligned to the end of octet.
6
Conclusion

From the discussion above, we made the following proposals:
For RLC PDU:
Proposal 1: Header of AMD PDU and AMD PDU segment (so called fixed part) has data/control bit (D/C), Resegmentation indicator bit (R), and Polling bit (P).
Proposal 2: RLC SN is 10 bits
Proposal 3: As agreed as a working assumption in the teleconference on Sep. 19th, SO is 15 bits.

Proposal 4: As agreed as a working assumption in the teleconference on Sep. 19th, the payload of AMD PDU segment only contains the segment of AMD PDU payload, and the header of AMD PDU segment is regenerated based on the segmentation and concatenation of original RLC SDUs.
For RLC control:
Proposal 5: The set of RLC header elements for one RLC control message are D/C, Control Type, LI, and E.

Proposal 6: RLC control messages and RLC PDU belonging to the same logical channel are concatenated in the same MAC SDU.

Discussion 1: The size of RLC control type needs to be discussed.
Discussion 2: The size of LI for RLC control message can be shorter than those in RLC PDU. Its exact size needs to be discussed.
For optimization:

Proposal 7: Format flag (F) in MAC header indicate the header optimization for both MAC and RLC. 
Proposal 8: The shorter LI in RLC PDU for small packet optimization is 7 bits.
Proposal 10: The shorter RLC SN in RLC PDU for small packet optimization is 4 bits.

Proposal 11: MAC header has header elimination bit (HE) to indicate the elimination of RLC header. 

Proposal 12: The fields containing integer, such as LI and SN, should be aligned to the end of octet.
By applying these proposals, we can show an example RLC control and RLC PDU format as a reference. Please note that it is also possible to put all headers for control and data together if we change the definition of RLC PDU. 
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Figure 2 Example of RLC control messages
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 Figure 3 Example of AMD PDU format
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Figure 4 Example of AMD PDU segment format
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