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Discussion and Decision
1      Introduction
The Work Item “LTE Carrier Aggregation Enhancement beyond 5 Carriers” [1] was approved in RAN #66. One of the objectives of the work item is to identify necessary mechanisms to enable the LTE CA of up to 32 CCs for the DL and UL. In RAN2#89bis meeting, RAN2 intends to enhance the L2 UP protocols (PDCP, RLC, MAC) so that they can accommodate for the increased L1 bit rate achieved by adding more carriers. In this contribution, we discuss how layer 2 header sizes should be extended to support 32 CCs. 
2      Discussion
2.1     RLC header size
The RLC AM sequence number field is 10 bits and has thus 1024 values. This allows the RLC transmitter to generate and transmit up to 511 RLC PDUs before receiving the RLC status report. For UE configured with 32 CCs, 64 RLC PDUs per subframe may be transmitted assuming one RLC PDU per logical channel/TB, and two TBs per CC. 
RLC RTT for 32 CCs is 511/64 = 7ms, which means that we can keep on sending only for ~1 HARQ RTTs before running out of RLC sequence numbers. 

Using an RLC RTT that is shorter than 20ms is not expected in a normal case, because for the optimal usage of the MAC protocol there must be some time available to perform HARQ retransmissions. In [2], 25 ms RLC RTT is considered where RLC retransmission is not considered; in [3], 42 ms RLC RTT is considered for FDD with one RLC retransmission considered. Without extension, 7 ms RLC RTT imposes a risk that RLC layer becomes bottleneck to achieve the aimed object of Rel-13 CA. 
Support CA with up to 32 CCs increases the rate of RLC PDUs and also RLC SNs. Thus, the need of extending RLC SN space due to increased number of CCs should be evaluated. Without RLC SN space extension, the number of possible HARQ retransmissions would need to be reduced to avoid running out of RLC sequence numbers and RLC stalling. 

Based on the above analysis, it seems that it is feasible to support CA with up to 32 CCs by extending the RLC SN fields, in order to leave the space for HARQ retransmission conducted by MAC protocol and eliminate the risk of RLC stalling.
In RAN2#90 meeting, [5]

 REF Ref_Huawei \h 
[6] proposed to extend RLC SN size to 18 bits, while [7] proposed to extend RLC SN size to 13 bits, with 3 reserved bits used in case of RLC UM. The main benefit of 13 bit RLC SN size is that one byte is saved for RLC UM. For RLC AM, one additional byte is anyway needed even if we only extend RLC SN size to 13 bits. Therefore there is no additional overhead with using 18 bit RLC SN size for RLC AM. The main impact of very large RLC SN size to UE implementation is the potential large requirement on UE layer 2 buffer size. However layer 2 buffer size is typically determined based on the number of carriers supported and the target RTT, and a reasonable requirement on layer 2 buffer size can be decided even if RLC SN size is set to a large value (e.g. 18 bits). Therefore there is no critical impact on UE implementation with 18 bit SN for RLC AM. If larger RLC SN size (compared with 10 bit in current specification) is needed for RLC UM, it is proposed to also use 18 bits for consistency between RLC AM and RLC UM. 
Proposal 1: RAN2 to agree to extend RLC SN size to 18 bits to support CA with up to 32 CCs.
2.2     PDCP header size

Similar to RLC, there is also constraint on PDCP. The largest PDCP sequence number can be 15 bits, meaning that 16383 PDCP PDUs can be brought in flight. Transmitting more PDCP PDUs outside the window causes HFN de-synchronization problem.
For UE configured with 32 CCs, up to 64 TBs may be transmitted in one subframe. The largest TB size is 391656 bits ([4], DL category 14 with 8 layers, 256 QAM), which is 48957 bytes. Considering that maximum PDCP SDU size is 8188 bytes, maximum number of PDCP PDUs transmitted in one subframe is 48957 * 64 / 8188 = 383. If we consider the typical Maximum Transmission Unit (MTU) of 1500 bytes, then the number of PDCP PDUs transmitted in one subframe is increased to 48957 * 64 / 1500 = 2089. Note that in above calculation, we ignore PDCP/RLC/MAC headers, which is insignificant compared with the PDCP SDU size.
Considering that PDCP layer is also stalled when RLC layer is waiting for status report, we can calculate RLC RTT from PDCP layer perspective, i.e. RLC RTT can be supported for 32 CCs is 16383 / 383 = 42 ms for 8188 byte PDCP SDU, and 16383 / 2089 = 7 ms for 1500 byte PDCP PDU. 
It can be seen that with maximum PDCP SDU size (8188 bytes), there is no need to extend PDCP SN size for 32 CCs. On the other hand, if we consider typical MTU size of 1500 bytes, then current 15 bit PDCP SN should be extended.
For byte alignment, the straightforward way is to extend PDCP SN to 23 bits. In RAN2#90 meeting, [6]
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[7] proposed to extend PDCP SN size to 23 bits, while [5] proposed to extend PDCP SN size to 23 (or less) bits, with the concern that 23 bits might be too excessive. Similar to the discussion on RLC SN size (18 bits vs. 13 bits), there is no critical impact on UE implementation with 23 bit PDCN SN if a reasonable requirement on layer 2 buffer size is decided.

Proposal 2: RAN2 to agree to extend PDCP SN size to 23 bits to support CA with up to 32 CCs.
2.3     MAC header size

There is no direct impact on MAC header size to support 32 CCs. However some solution to solve MAC header size issue discussed in Rel-12 is also related to RLC SN size to support 32 CCs, therefore we briefly discuss this aspect here. 

Currently MAC L field is dynamically indicated by F field, i.e. F field is set to 0 if the size of the MAC SDU is less than 128 bytes (7 bit L field), otherwise it is set to 1 (15 bit L field). MAC L field has the maximum size of 15 bits, which can indicate maximum 32767 byte payload except for the last MAC SDU, for which L field is not need as its size can be derived from transport block size. RLC SO (Segmentation Offset), SOstart and SOend fields are 15 bits, mirroring the size of L field.
With the introduction of 256 QAM in Rel-12, the largest TB size is 48957 bytes (391656 bits). There is a potential issue that current L field is not sufficient. There are mainly two solutions: 
· Option A: extend the size of MAC L field, and RLC SO, SOstart, SOend fields accordingly [2].
· Option B: multiplex two RLC PDUs or RLC PDU segments in one MAC PDU [3].
This issue was discussed during Rel-12, and the conclusion was to postpone the topic to Rel-13. It should be noted that Option B requires the extension of RLC SN size since two RLC PDUs are transmitted in one MAC PDU (while in the calculation in section 2.1 assumes only one RLC PDU per MAC PDU). 
In RAN2#90 meeting, [5] proposed to extend MAC L field to 23 bits, while [6] [7] proposed to extend to 16 bits, by using reserved bit. The benefit of 16 bit MAC L field is that one byte is saved. One aspect for consideration is whether one bit extension of MAC L field is future proof or not. MAC L field reflects transport block size, which is determined by the system bandwidth (20 MHz), maximum number of layers for spatial multiplexing (maximum 8), and modulation order (maximum 256QAM). So far, 16 bit MAC L field is sufficient for Rel-13. If future releases introduce enhancements in physical layer resulting in larger TBS which cannot be accommodated by 16 bit MAC L field, then further extension is needed. Therefore there is a tradeoff between header overhead vs. future proof.
Proposal 3: RAN2 to discuss how to extend MAC L field size.
3      Conclusion
In this contribution, we discuss whether layer 2 header sizes should be extended to support 32 CCs, and propose the following:

Proposal 1: RAN2 to agree to extend RLC SN size to 18 bits to support CA with up to 32 CCs.
Proposal 2: RAN2 to agree to extend PDCP SN size to 23 bits to support CA with up to 32 CCs.
Proposal 3: RAN2 to discuss how to extend MAC L field size.
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