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1. Introduction
In RAN2 NR Ad-Hoc meeting, the following agreements has been made on the format of MAC PDU
	- MAC sub-headers are interleaved with MAC SDUs. 
- As in LTE the UEs shall not send padding if there is data available and the remaining TB size is greater than X bytes (actual number can be discussed later when header sizes are known. In LTE X = 7 bytes)
- MAC CEs are not placed in the middle of the MAC PDU but at the beginning or at the end (placement can be decided later)
- Concatenation is placed in the MAC layer instead of RLC layer to facilitate parallel processing.


In this contribution, we intend to propose the format of the MAC PDU in NR.
2. Padding in MAC layer
In LTE, padding is categorised into two cases: when the space for padding is less or equal than two bytes, padding subheaders are placed at the beginning of MAC PDU subheaders; while for the case when padding is more than two bytes, a padding SDU is placed at the tail, while its corresponding padding subheader is placed at the front. We observe that the padding in LTE is too complex that the whole MAC PDU may need to be re-generated if the padding SDU is applied at the end and the corresponding padding SDU is applied in the front.
Observation 1: The design for the padding in LTE is too complex and requires too much processing. 

In the previous RAN2 meeting, it has been agreed that the MAC subheaders should interleave with the SDUs to facilitate parallel processing. For MAC CE, since off-line CEs can also be pre-generated, parallel processing is also possible that MAC CEs can be generated independently. Hence, we argue that the subheader of the MAC CE should also interleave with the MAC CEs. 
Proposal 1: NR should not distringuish between the padding of single/two-byte padding and more-than-two-byte padding in LTE. 
In LTE, pading subheaders are used as a special kind of subheaders when the spacing for padding is less or equal than two bytes. With observation 1, we argue that the padding SDU in LTE is redundant and in NR, the functionality of padding should only be accomplished by the padding subheaders.
Proposal 2: The padding in NR should only consist of the padding subheaders. Padding SDU should not be used.
3. MAC PDU processing in the receiver
Moreover, in order to avoid the delay in processing the offline MAC CEs, one method is to decode the MAC PDU from multiple positions. The following figure gives the details about this approach
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Option 2
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Option 3
The receiver begins to decode the MAC SDU from the front, and for the MAC CE from the rear. However, indication should be made on whether the end of MAC PDU is MAC CE or MAC SDU.  In the figure, we propose three potential options that can address this issue:
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Figure 2: Indicator Field in front of MAC PDU
Option 1: One approach is to add an indicator field in front of the MAC PDU as one byte, where I=1 indicates that MAC CE exists at the rear of MAC PDU. The format of this field is illustrated in the above figure. It can be placed in front of the MAC PDU because MAC will know whether or not it needs to send MAC CE in the current MAC PDU before it is finished. It does not influence the parellel processing at the transmittter since the transmitter will know whether or not there will be MAC CE includede in the MAC PDU at the time it begins the generation. Moreover, an Extension-field of the MAC subheader indicates whether or not the current MAC SDU/CE is the last one in the decoding direction, i.e., E=1 indicates that the current MAC SDU/CE is the last one;
Option 2: This option exploits the previously reserved bit in the subheader of the first MAC SDU. I=1 indicates that MAC CE exists at the rear. Also, Extension-field is used to indicate whether or not the current MAC SDU/CE is the last one in the current decoding direction. 
Option 3: This option requires no indicator field for indicating the existenece of MAC CE at the tail or its length. MAC SDU and MAC CE are placed at the front and the tail, respectively. Then, padding subheaders are placed in the middle. However, at least one padding subheader will always be required in the middle to separate the MAC CE and MAC SDU. 
Comparing the three options, Option 1 wins in the uniformty of the subheaders and avoiding changes from the legacy version; in comparison, option 2 does not need the one-byte space for the Indicator Field in Option 1. Option 3 does not require the Extension-field or the Idicator-field in the subheaders of the MAC SDU. However, at least one-byte of padding is needed in all the MAC PDUs.
With this design of MAC PDU and the parsing from both ends of MAC PDU, the MAC CEs could be safely placed at the tail of the MAC PDU at the transmitter, while the CEs could also be decoded in a timely manner at the receiver. Hence, based on this new scheme, we make the following proposal:
Proposal 3: For pasring from both the front and the tail, the MAC PDU format should be chosen from the following options:

(a) An Indicator-field should be added as a byte in front of the MAC PDU, or;

(b) An Indicator-field should be added as a bit in the subheader of the first MAC SDU in the Reserve Field, or;

(c) At lease one padding subheader should be placed between the MAC CE and MAC SDU.
4. MAC PDU format

In summary of the discussion in this paper, we propose the format of the MAC PDU in the following figure for NR. 
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For the format of the subheaders for MAC SDU and CE, different fields generally follows the same functionality in that of LTE. The only difference may be the use of I-field in the previously reserved field when there is no one-byte indicator field added in front of the MAC PDU.
5. Conclusion
In this contribution, we have a unified discussion on the MAC PDU format. We make the following observations on the MAC subheaders and MAC CEs:

Observation 1: For the transmitter side, the MAC subheaders are pre-generated before the LCP and stored in the memory and the generation of the subheader is not computation-intensive;
Observation 2:  For the receiver side, (a) receiving the subheader first facilitates the processing of the MAC SDU and (b) MAC PDU cannot be decoded if the header is not received first;
Observation 3: Different MAC CEs can be grouped into two categories according to the time they can be generated: real-time MAC CE and off-line MAC CE.
Based on the above observations, the following proposals have been made:
Proposal 1: MAC SDU subheader should be placed in front of its MAC SDU;
Proposal 2: The subheaders of MAC CE should also interleave with the MAC CEs;
Proposal 3: For pasring from both the front and the tail, the MAC PDU format should be chosen from the following options:

(a) An Indicator Field should be added as a byte in front of the MAC PDU, or;

(b) An Indicator Field should be added as a bit in the subheader of the first MAC SDU in the Reserve Field, or;

(c) At lease one padding subheader should be placed between the MAC CE and MAC SDU.
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