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1 Introduction

In RAN2 #98 and RAN2 NR AH2,  the MAC PDU structure was discussed and RAN2 made the following agreements: 
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 
Agreements 

1.
UL MAC CEs are multiplexed after all MAC SDUs and before the padding in the MAC PDU and no Length indicator is place at the end of PDU
2.
The LCID values are shared between MAC SDUs and MAC CEs as in LTE.  The LCID reserved values are in the middle like LTE. 

3.
The LCID values are used to distinguish types of MAC CEs like in LTE

4.
As in LTE, L field is not necessary for padding in the padding subheader
5.
The details of the header fields lengths are FFS 

6.  
F field contains one bit 

7.
As a baseline, the MAC header is not further optimized
In this contribution, we can discuss how to add the padding to MAC PDU based on the above agreements.
2 Discussion
In LTE, the MAC PDU and the MAC sub-header are byte-aligned to simplify the header parsing and reduce the computational complexity. Since the maximum data rate of NR is much higher than that of LTE, the processing load for UE also needs to be reduced by the byte alignment. Thus, RAN2 have already agreed that MAC SDUs, MAC sub-headers, and MAC PDU are byte aligned.

The MAC PDU would be a multiple of a byte and the padding can be included in the MAC PDU if the total size of the MAC SDUs plus the MAC sub-headers is smaller than the transport block size. In LTE, the padding occurs at the end of the MAC PDU, except when the single-byte or the two-byte padding is required. If the single-byte or the two-byte padding is required, one or two MAC sub-headers corresponding to the padding are placed at the beginning of the MAC PDU before any other MAC sub-header. 
We need to note that the above LTE padding insertion rule mainly results from the last L field optimization, which omits the L field in the last MAC sub-header. In NR, as we agreed, the last L field optimization would not be supported, i.e. L field is present for every MAC SDU.

Observation 1. In NR, the last L field optimization would not be supported,

Considering the above, it could be very simple to add the padding to MAC PDU in NR. The padding would be inserted after the MAC CEs and MAC SDUs are processed, as we agreed. Specifically, the padding can be added to the end of MAC PDU as follows:

· if a single-byte padding is required, one MAC sub-header for padding are constructed at the end of MAC PDU 
· Otherwise, the padding bits with one-byte MAC sub-header can be added as much as the required padding size .
The text proposal is implemented in Annex A.
Proposal 1. In NR, the one-byte MAC sub-header for padding should be added to the very end of MAC PDU if a single-byte padding is required. 
Proposal 2. In NR, the padding bits with one-byte MAC sub-header should be added to the very end of MAC PDU if more than one-byte padding is required. 

3 Conclusion

In this contribution, we provide our view on the padding for NR and ask RAN2 to discuss the following proposals:
Proposal 1. In NR, the one-byte MAC sub-header for padding should be added to the very end of MAC PDU if a single-byte padding is required. 

Proposal 2. In NR, the padding bits with one-byte MAC sub-header should be added to the very end of MAC PDU if more than one-byte padding is required. 

Annex A: Text proposal

6.1.2
MAC PDU (DL-SCH and UL-SCH except transparent MAC and Random Access Response)
A MAC PDU consists of one or more MAC subPDUs. Each MAC subPDU consists of one of the following:

-
A MAC subheader only (including padding);

- 
A MAC subheader and a MAC SDU;

-
A MAC subheader and a MAC CE;

-
A MAC subheader and padding.

The MAC SDUs are of variable sizes.
Each MAC subheader corresponds to either a MAC SDU, a MAC CE, or padding.
A MAC subheader except for fixed sized MAC CE and padding consists of the four header fields R/F/LCID/L. A MAC subheader for fixed sized MAC CE and padding consists of the two header fields R/LCID.
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Figure 6.1.2-1: R/F/LCID/L MAC subheader with 8-bit L field
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Figure 6.1.2-2: R/F/LCID/L MAC subheader with 16-bit L field
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Figure 6.1.2-3: R/LCID MAC subheader

MAC CEs are placed together. DL MAC subPDU(s) with MAC CE(s) is placed before any MAC subPDU with MAC SDU and MAC subPDU with padding as depicted in Figure 6.1.2-4. UL MAC subPDU(s) with MAC CE(s) is placed after all the MAC subPDU(s) with MAC SDU and before the MAC subPDU with padding in the MAC PDU as depicted in Figure 6.1.2-5.
Padding occurs at the end of the MAC PDU. Padding may have any value and the MAC entity shall ignore it.

When single-byte padding is required, one MAC subheader corresponding to padding is placed at the end of the MAC PDU. When more than one-byte padding is required, one MAC subheader and padding are placed at the end of the MAC PDU.
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Figure 6.1.2-4: Example of a DL MAC PDU
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Figure 6.1.2-5: Example of a UL MAC PDU
A maximum of one MAC PDU can be transmitted per TB per MAC entity.
