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Discussion and Decision
1      Introduction
In RAN2#97bis meeting, following was agreed on MAC PDU format.
Agreements on MAC PDU format:

-
MAC SDUs, MAC subheaders, and MAC PDU are byte aligned (i.e., multiple of 8 bits).

-
MAC subheaders are placed immediately in front of the corresponding MAC SDUs, MAC CEs, or padding.  The possibility to parse the MAC PDU from the back is not precluded.  

-
MAC CEs are grouped together 

-
UL MAC CE(s) is placed after all the MAC SDUs.  For DL the placement will be deterministic (i.e. it should not be up to the network to decide).  FFS if we have the same behaviour for both or for DL the MAC CE is placed at the front

In this contribution, we discuss the open issues on MAC PDU format.
2      Discussion
2.1     Placement of DL MAC CEs

The main motivation to place UL MAC CEs at the end of MAC PDU is to cope with the very limited time to process UL grant in the UE transmitter. There is no such issue for gNB transmitter since gNB handles both the scheduling decision and the actual transmission in the downlink. Although there are no discussion of which MAC CEs to be supported in NR, we can use LTE as a reference. Relevant LTE DL MAC CEs for NR are: Activation/Deactivation, (Long) DRX Command, UE Contention Resolution Identity, and Timing Advance Command. The gNB scheduler should have sufficient time to prepare the contents of DL MAC CEs in advance before the actual transmission (i.e. at the beginning of MAC PDU). 
Therefore the same principle of MAC CE placement as LTE can be applied for NR DL.
Proposal 1: DL MAC CEs are placed before all the MAC SDUs.

2.2     Necessity of optimizations related to MAC PDU parsing
Given that UL MAC CEs are placed after all the MAC SDUs, it is necessary to discuss whether to allow the parsing of MAC PDU from the end to speed up the processing of MAC CEs (e.g. [2]

 REF Ref_Lenovo \h 
[3]

 REF Ref_LG \h 
[4]).
First of all, it should be noted that to reduce processing delay, it is best to use the pipeline receiver processing, as pointed out in [1]. We’d like to elaborate more about the pipeline processing in the receiver side, with an example shown in Figure 1 below. Layer 2 can start processing at time t1, just after PHY processing (note that complete PDU processing might come later, but at least header can be processed). Given the interleaved structure of the MAC sub-header and MAC SDU, before the receiver processes MAC CEs at the end, it has already processed most of the MAC PDU. Therefore the latency reduction by parsing from the end of the MAC PDU is negligible. Since such pipeline receive processing can reduce the latency of both user plane data and MAC CEs, it should be the baseline implementation when discussing relevant user plane enhancements.
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Figure 1: Pipelined receiver processing
Observation 1: Latency reduction from parsing the MAC PDU from the end is negligible for a pipeline receiver.
On the other hand, the solutions of parsing the MAC PDUs from the end have various drawbacks. 

· Additional overhand if an explicit field is used either at the beginning or the end of the MAC PDU (Option 1 and 2 in [2], Option 1 in [4]).
· Additional complexity due to the different order relationship of MAC sub-header and MAC SDU when MAC CE is used (Option 1 and 2 in [2]).

· Significant increase of the latency of user plane and MAC CE processing since pipeline receiving processing is not allowed (Option 2 in [4]).

Considering above analysis, it is proposed to not consider optimizations for parsing the MAC PDU from the end.
Proposal 2: Optimizations to parse the MAC PDU from the end are not considered in NR.
2.3     Necessity of optimizations for MAC sub-headers
There were proposals to group MAC subheaders of the same logical channel together to minimize the MAC overhead, e.g. in [5]. It should be noted that the proposal contradicts the general principle of allowing pre-processing in the transmitter side.
RAN2 spent lots of time discussing whether to support concatenation functionality in the RLC layer. One of the main motivation of removing concatenation functionality from RLC layer is to allow pre-processing in the transmitter side. As shown in Figure 2 below (from [6]), current MAC PDU structure allows the pre-processing of MAC/RLC PDUs, and the 1st MAC SDU can be directly pipelined to the physical layer without waiting for further processing of later MAC SDUs. There are also other decisions related to facilitate the pre-processing, e.g. allowing UL MAC CEs to be placed at the end, allowing the 1st RLC SDU segment to not contain the SO field. 
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Figure 2: Pipelined transmitter processing
When there is a concatenation sub-header, before building such header, the MAC layer should have a complete knowledge of which MAC PDUs are to be transmitted and how the segmentation is performed. Since such header is transmitted at the beginning of MAC PDU, there is significant impact on pre-processing at the transmitter side.
Actually, when we compare the LTE RLC header and the MAC concatenation sub-header in Figure 3 below, we can see that MAC concatenation sub-header is very similar to the LTE RLC header, and the difference is that concatenation header is moved from RLC layer to the MAC layer. The impact to the pre-processing operation is similar. Given that such RLC concatenation header was removed from RLC layer after extensive RAN2 discussion, there is no reason to consider similar approach again in the MAC layer. 
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LTE RLC concatenation header [7]
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Figure 3: Comparison of MAC concatenation header and LTE RLC concatenation header
Based on discussion above, following is proposed:
Proposal 3: MAC concatenation sub-header is not supported in NR.
3      Conclusion
In this contribution, we discuss open issues on MAC PDU format. We have the following observations:
Observation 1: Latency reduction from parsing the MAC PDU from the end is negligible for a pipeline receiver.
We propose the following:
Proposal 1: DL MAC CEs are placed before all the MAC SDUs.
Proposal 2: Optimizations to parse the MAC PDU from the end are not considered in NR.
Proposal 3: MAC concatenation sub-header is not supported in NR.
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