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1	Introduction
In the past meetings, RAN2 has been extensively discussing on improving the processing efficiency for the UP protocols in NR compared to LTE which has been mainly concentrating on the functions split between the sublayers – MAC, RLC, and PDCP. Finally, in the previous RAN2#96 meeting it was agreed (as WA) to remove concatenation function from the RLC layer, consequently, supporting it plainly in the MAC layer [1].
Working assumption:
-	Support the No concatenation in RLC solution (R2-169092)

This will evidently require some more header fields to be generated by the MAC since there will be more MAC SDUs coming from the upper layers (RLC) which requires the MAC PDU structure to be efficient to be encoded in the transmitter as well as decoded in the receiver.
In this contribution, firstly the LTE baseline structure is presented in section 2 following the options for NR in section 3.
2	MAC PDU structure in LTE
The basic LTE MAC PDU structure is depicted in the following Figure 1 [2].
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Figure 1: Example of LTE MAC PDU
MAC header in front of the payload includes MAC sub-headers, each sub-header corresponds to MAC CE, MAC SDU, or Padding in the MAC payload. The main information MAC populates into the MAC sub-headers is the LCID (Logical Channel ID) as well as Length field L corresponding to the MAC SDU in the payload. MAC subheaders are nested together with the extension fields E, the receiver needs to decode the E bit to know whether the header will continue or will end after this sub-header. Hence, the byte point where the MAC payload starts is not known until the full header has been decoded by the receiver.
Observation #1: Current LTE MAC PDU structure does not allow early processing of the MAC payload before the headers are fully decoded by the receiver and does not allow early data feeding to PHY before the MAC headers are decided at the transmitter side.
3	MAC PDU structure options for NR
Different high level MAC PDU structures have been proposed previously, for instance, in [3] several options have been listed. These can be categorized in high level into three categories:
1. MAC sub-headers are placed in front of the MAC PDU before the MAC payload
2. MAC sub-headers are placed in the end of the MAC PDU after the MAC payload
3. MAC sub-headers are interlaced with the MAC SDUs in the MAC PDU
In each option, at least the length fields need to be present for every separate MAC SDU while the LCID field could be shared. Simple illustration of each option is presented in the following figure 2.


Figure 2: Illustration of high level MAC PDU structure options
3.1	Tx processing
Transmitter side processing is the most time critical, especially in the UE side, as the MAC PDU needs to be able to be constructed after the grant reception for transmission. Hence, in the past RAN2 meetings, proposals have been made to support early MAC data feeding into L1 processing before the MAC PDU has been fully constructed. 
Considering the above three options, option 2 and option 3 would allow the early L1 feeding to be supported more efficiently since the Length field of the last SDU in each of the logical channels is subject to change if the segmentation was to be done in the transmitter. However, with option 1 the last MAC sub-header may not be able to be generated before the last SDU has been processed and possibly segmented, hence, the early L1 feeding could not be supported.
Observation #2: Early MAC data feeding into L1 processing could be supported with MAC PDU options 2 and 3.
3.2	Rx processing
As agreed in the RAN2#95bis meeting, both the transmitter and receiver side processing should be considered when evaluating the solutions. For instance, RAN1 is seeking a solution for pipeline processing in the receiver with frontloaded PDCCH and DMRS as well as by supporting LDPC channel coding without utilization of time domain interleaving.
To optimize the receiver side processing for L2, it would be the most beneficial to be able to exploit the pipeline processing also above L1. This could prevent high processing peaks in the TTI boundaries at L2 as well as could decrease the end to end latency since the L2 processing could have been done to large extent during the receival of the full transport block, i.e., in parallel with the L1 processing. The processing could be done only tentatively until the last CRC has been confirmed by the L1.
Observation #3: The pipeline processing in the L2 UP protocols would alleviate the high processing peaks in the TTI boundaries as well as decrease the end to end latency.
From the MAC PDU options above, options 1 and option 3 could exploit the pipeline L2 processing on top of L1 as the MAC header/first MAC sub-header is in the beginning of the MAC PDU. However, with option 2 the whole TB has to be received and buffered in L1 before even any MAC processing can begin to be done in the receiver.
Observation #4: MAC PDU options 1 and option 3 can support the pipeline processing in the receiver L2 UP protocols.
Observation #5: With MAC PDU option 2, the whole TB has to be received and buffered in L1 before any L2 processing can happen which could increase the end to end latency and high processing peaks in the receiver.
3.3	Proposal
Given the above analysis about Tx and Rx side processing with the 3 high level options about MAC PDU structure, option 3 seems to be able to optimize both ends with the new features sought for processing optimization, i.e., the early MAC data feeding to L1 processing in the Tx and pipeline L2 processing in parallel with L1 processing in the Rx.
Proposal: MAC sub-header is interlaced with the corresponding MAC SDU, MAC CE, or MAC padding.
3	Conclusion
Options of MAC PDU structure is discussed in this contribution with the following proposal proposed:
Proposal: MAC sub-header is interlaced with the corresponding MAC SDU, MAC CE, or MAC padding.
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