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1 Introduction

In RAN2 NR AH, RAN2 agreed to confirm the working assumption of no RLC concatenation taken from RAN2#96, thereby having a new MAC PDU structure, which the MAC sub-headers are interleaved with MAC SDUs. This contribution provides the details on the MAC PDU structure. 
2 Discussion
The SI on New Radio Access Technology is in progress and aims to study NR access technologies to meet a wide range of use cases and requirements. The requirements seem enormously higher than what can be achieved by LTE today. In NR, the target for peak data rate should be 20Gbps for downlink and 10Gbps for uplink. Moreover, the target for user plane latency should be 4ms for eMBB and 0.5ms for URLLC [1]. As NR is targeting for high data rate and low latency, the processing time might be very limited compared with the amount of data to be transmitted, i.e. supporting high peak data rate and stringent processing time becomes a challenge for implementation. 
In this respect, the MAC PDU structure for NR needs to be designed in the light of processing time while RAN2 mainly focused on protocol overhead and low residual loss rate in the beginning of LTE. In the email discussion [2], RAN2 have firstly discussed the MAC PDU structure for NR to some extent, e.g. one MAC sub-header per MAC SDUs, dispersed MAC sub-headers, MAC sub-headers at the end of MAC PDU, and finally agreed to have the dispersed MAC sub-headers.  In the following sub-sections, the details are further discussed.
2.1  The placement of MAC CE 
In this sub-section, we discuss the location where MAC control elements (CEs) are placed in the MAC PDU. In LTE, a MAC PDU consists of a MAC header, zero, or more MAC CEs, zero, or more MAC SDU, and optionally padding. In the MAC PDU, MAC CEs are always placed before any MAC SDU. Since the strict processing time for NR is required, thus the placement of MAC CEs needs to be considered in the light of processing time, i.e. to expedite the real-time processing. The MAC CEs might be constructed after the MAC SDUs are processed, e.g. buffer status or power headroom report. If the MAC CEs are placed at the end of MAC PDU, this could allow the longest possible processing time of them and be better in the respect of pre-processing of MAC layer. On the other hand, the network side can quickly feed the useful information, e.g. BSR and PHR, towards the uplink scheduler if the MAC CEs are placed at the beginning of MAC PDU. These made RAN2 agree that 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). The different placement of MAC CE can have different benefits as described in the above. Therefore, we don’t need to restrict the placement of MAC CE to a certain location. It can be up to implementation in order to make it flexible.  
Proposal 1. In NR, the placement of MAC CEs can be flexible, i.e. at the beginning or at the end of MAC PDU.
2.2  Handling of Padding

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, thus the processing load for UE also needs to be reduced by the byte alignment.

Proposal 2. In NR, the MAC PDU and the MAC sub-header should be byte-aligned.
To make the MAC PDU byte-aligned, the padding is inevitable, i.e. the MAC PDU would be a multiple of a byte by adding the padding. The padding is also 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. However, the padding might be performed after the MAC CEs and MAC SDUs are processed. In NR, it could be better in the respect of pre-processing of MAC layer if the padding is always placed at the end of MAC PDU, e.g. the padding without its MAC sub-header can occur at the end of the MAC PDU if the single-byte or two-byte padding is required and the padding with its MAC sub-header can occur at the end of MAC PDU if more than two-byte padding is required.
Proposal 3. In NR, the padding should be placed at the end of MAC PDU.
2.3 MAC overhead reduction optimizations
The length information is needed at the MAC receiver to de-multiplex and to extract the MAC SDU and/or MAC CEs and to remove potentially the existing padding. In general, the length field (L-field) contributes considerably to the overall header overhead. In LTE, the MAC sub-header indicates the length of MAC SDU or MAC CE by using L-field. However, to reduce the header overhead, the L-field can be omitted in the case of the last MAC SDU because the transmitter notifies the length of MAC PDU by the L1 signalling and the receiver can calculate the length of the last MAC SDU by subtracting each MAC SDU’s length from the length of the MAC PDU. This L-field optimization is beneficial to reduce the data transfer overhead while it causes more processing power and spends more processing time to make up one MAC PDU due to its computational complexity. However, this processing burden may pose serious issues in NR.

Proposal 4. RAN2 should not consider the overhead reduction optimization that requires dynamic adaptation of L2 header fields (e.g. last L-field omission).

The exemplary MAC PDU structures reflecting the above proposals are shown in the following figure:
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Figure 1. Exemplary MAC PDU structures
3 Conclusion

In this contribution, we provide our view on the MAC PDU structure for NR and ask RAN2 to discuss the following proposals:
Proposal 1. In NR, the placement of MAC CEs can be flexible, i.e. at the beginning or at the end of MAC PDU.
Proposal 2. In NR, the MAC PDU and the MAC sub-header should be byte-aligned.
Proposal 3. In NR, the padding should be placed at the end of MAC PDU.
Proposal 4. RAN2 should not consider overhead reduction optimization that requires dynamic adaptation of L2 header fields (e.g. last L-field omission).
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