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1 Introduction

From RAN2 #98 meeting, the agreements regarding MAC PDU format are as follows:
Agreements 

1.
The DL MAC CE is always placed before any MAC SDU and padding

2.
FFS for UL MAC CE if we have a pointer and if it is before or after padding

Agreements

1.
The E field is not present in NR MAC sub-header.

2.
F2 fields are not present in NR MAC sub-header.

3. 
Variable L fields size with two values will be supported.  The F field is included.  Size is FFS 

4.
The size of LCID field is 6 bits

5.
The L field is not present for the fixed-size MAC CE

6.
The L field is present for variable-size MAC CE

7. 
The L field is present for every MAC SDU. FFS if no L field is present for padding 

In this contribution, we will discuss the placement of the uplink MAC CE and indicator, also the padding header is discussed.
2 Discussion
In last meeting, it was agree that the downlink MAC CE is always placed before any MAC SDU and padding. For uplink, it was not agreed yet whether the MAC CE should be placed before or after padding, and whether a MAC CE pointer should be introduced to enable network to quickly parse the MAC CE at the end or not.
For the placement of the uplink MAC CE, since we have agreed that the uplink MAC CE should be placed after all the MAC SDUs, so the choice could only be either before padding or after padding. If we revisit why we agreed to place uplink MAC CE after all RLC SDUs, the intention is to let UE have more time to process all the uplink MAC CEs. Besides, some MAC CEs, e.g., BSR MAC CE, can only be determined after the MAC PDU has been built. By placing uplink MAC CEs after the padding brings benefits, firstly, it could enable UE to process all the MAC CEs while placing the already-known padding bits after MAC SDUs, which means the processing time can be saved compared when MAC CE is placed before padding. Secondly, padding before the MAC CE could still have static padding subheader by just introducing the MAC CE pointer, which we will discuss later. Thus, the MAC PDU format should be looked like in following Figure 1:
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Figure 1 The placement of the uplink MAC CEs
Observation 1 Uplink MAC CE after padding has more benefits than before padding.
Proposal 1 The uplink MAC CE should be placed at the very end of the MAC PDU, i.e., after the padding.

During last meeting, some companies proposed to introduce pointer to indicate the starting point of uplink MAC CE, so that the network can quickly parse the MAC CE at the end of the MAC PDU [1]

 REF _Ref483470572 \n \h 
 \* MERGEFORMAT [2]

 REF _Ref483470574 \n \h 
 \* MERGEFORMAT [3]. While some other companies didn't think it is necessary [4]

 REF _Ref483470589 \n \h 
 \* MERGEFORMAT [5], since the network receiver will support pipeline processing which will reduce the processing delay. Based on our understanding, the uplink MAC CE pointer has at least two benefits: firstly, for sure it can make the network quickly parse the MAC CE at the end of the MAC PDU, which will reduce the processing delay for the MAC CEs. Pipeline processing is only a feature in the physical layer, the MAC entity can only start processing the MAC PDU when the complete MAC PDU is delivered in the MAC entity. Some companies also concerned the pointer will bring extra complexity in the UE side, but this depends on how to design the pointer, we have detail proposal on the design of the pointer later which we think will make it easy for UE implementation. Secondly, by indicating the location of the MAC CE, and given the padding (and it’s subheader) placing in the middle, the length field in the padding subheader could be removed. This could enable the UE to pre-process the padding and padding subheader. 
Observation 2 The uplink MAC CE pointer will bring more benefits than the complexity introducing it.
Proposal 2 The uplink MAC CE pointer should be introduced in the uplink MAC PDU.

Proposal 3 The L field is NOT present in the padding subheader.

Based on the above analysis, we then go into further detail of the MAC CE pointer. Firstly, where should the pointer be place in the MAC PDU. The pointer should be either at the very beginning of the MAC PDU or at the end of the MAC PDU. For the receiver side (gNB), it should not have impacts since the receiver is able to process the MAC PDU either from the beginning or from the end or both at the same time. For transmitter side (UE), if the pointer is at the beginning, after the last MAC CE is determined, the UE has to go to the beginning of the MAC PDU to update the pointer, which could be complex. However, if the pointer is at the end of the MAC PDU, the UE can just place the updated pointer directly after the last MAC CE is determined. Thus, it could be more facilitating for the UE to process the pointer if it's located at the end.
Proposal 4 The pointer should be at the end of the uplink MAC PDU.
There are several options for the pointer, as shown in following Figure 2. Option 1 is that the MAC CE pointer indicates the length of all the MAC CEs and its corresponding subheaders. Option 2 is that the MAC CE indicates the length of all the MAC SDUs and the padding (also including their subheaders). Generally, both options enable the gNB to locate the starting position of the first MAC CE. However, considering that in most cases, especially when the TB size is very large, the length of the MAC SDUs should be larger than that of the MAC CEs. Thus, we prefer to use option 1.
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Figure 2 The options for the MAC CE pointer
Proposal 5 The pointer should indicate the length of all the MAC CEs and its subheaders.

Regarding the size of the pointer, 1 byte pointer could indicate the length of 256 byte MAC CEs in total. We think this is enough in the current stage. Besides, a special value in the pointer, e.g., all 0 pointer, could be specified to indicate when there is no MAC CE in the MAC PDU. 
Proposal 6 The size of the pointer is 1 byte with special value indicating there is no MAC CE in the uplink MAC PDU.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
Uplink MAC CE after padding has more benefits than before padding.
Proposal 1
The uplink MAC CE should be placed at the very end of the MAC PDU, i.e., after the padding.
Observation 2
The uplink MAC CE pointer will bring more benefits than the complexity introducing it.
Proposal 2
The uplink MAC CE pointer should be introduced in the uplink MAC PDU.
Proposal 3
The L field is NOT present in the padding subheader.
Proposal 4
The pointer should be at the end of the uplink MAC PDU.
Proposal 5
The pointer should indicate the length of all the MAC CEs and its subheaders.
Proposal 6
The size of the pointer is 1 byte with special value indicating there is no MAC CE in the uplink MAC PDU.
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