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1	Introduction
To increase pre-processing capabilities to support the high bitrates and very short processing times by NR L2, it was agreed to support MAC only concatenation (i.e., no RLC concatenation) in [1]. 
For MAC PDU, it was agreed that MAC subheaders are interleaved with the MAC SDUs. Furthermore, MAC CEs are not placed in the middle of the MAC PDU.
2	MAC PDU structure
2.1	General
As in [2], we see it crucial to enforce the byte alignment of MAC SDUs, MAC subheaders, and MAC PDU in NR without seeking any optimizations to this principle (e.g., byte alignment of headers from multiple layers).
Proposal 1: MAC SDUs, MAC subheaders, and MAC PDU are byte aligned (i.e., multiple of 8 bits).
2.2	MAC subheader placing
Subheaders could be placed either in front of the corresponding SDUs/CEs or alternatively in the end of the corresponding SDUs/CEs (according to the agreement to interleave MAC subheaders with MAC SDUs). Putting the subheaders in front of SDUs/MAC CEs is generally seen as providing the best performance as it enables the pipeline processing in the receiver along with the L1 processing (RAN1 is seeking a solution to enable pipeline Rx processing in time domain). However, putting the subheaders in the end of the SDUs/MAC CEs was seen beneficial at least for MAC CEs in [3] in which case the MAC CEs that are put in the end of the MAC PDU could be read at once the full MAC PDU is received from the L1 for processing without a need to process the SDUs preceding the MAC CEs.
However, it is hard to see such an increased complexity would be justified. As discussed below in section 2.3, this special handling could concern only a limited number of MAC CEs in UL direction, e.g. BSR/PHR. Furthermore, the pipeline processing along with the L1 processing is considered to give means for sufficient decoding latency for the MAC CEs in the end of the MAC PDU. Besides, it should be noted the full MAC PDU needs to be received before being able to process any subheader that would be in the end of the MAC PDU.
Proposal 2: MAC subheaders are placed in front of the corresponding MAC SDUs, MAC CEs, or padding.
2.3	MAC CE location
As agreed in [1], MAC CEs are not placed in the middle of the MAC PDU. Current MAC [2] specification states the following:
MAC control elements are always placed before any MAC SDU.
This was justified by the fact that it is beneficial to decode any control information before the actual data to be able to process the control as soon as possible, e.g., to give the buffer status information for the scheduler.
Considering the DL MAC CEs, it should be possible by the gNB to generate these along with the scheduling procedure. Hence, the LTE principle could be adopted for DL MAC CEs.
Proposal 3: Downlink MAC Control Elements are always placed before any MAC SDU, i.e., are placed in front of the MAC PDU.
However, it is noted that some of the MAC CEs generated by the UE to the UL direction cannot be pre-processed but created only after the grant processing has been done – such MAC CEs consist of at least Buffer Status Report and Power Headroom Report MAC Control Elements. Mandating the placing of these MAC CEs before any MAC SDU in the MAC PDU could hinder the possibility to start feeding the MAC PDU to L1 processing before the full MAC PDU has been constructed. As noted in the section 2.2 above, the pipeline processing support in NR could ensure sufficient decoding latency even though such MAC CEs would be placed after all the MAC SDUs.
On the other hand, any UL MAC CE that is not subject to strict real time processing in the UE could be placed in front of the MAC PDU, e.g. SPS confirmation MAC CE.
Proposal 4: Uplink MAC Control Elements are selectively specified to be placed either before any MAC SDU or after all MAC SDUs in the MAC PDU, e.g. BSR and PHR are put in the end of the MAC PDU and SPS confirmation MAC CE is put in front of the MAC PDU.
2.3	Logical channels multiplexing
The agreed MAC multiplexing function is described as follows [1]:
Multiplexing/demultiplexing of MAC SDUs belonging to one or different logical channels into/from transport blocks (TB) delivered to/from the physical layer on transport channels.
This is equal behaviour to LTE MAC [2] where multiplexing of multiple MAC SDUs belonging to one logical channel could happen, e.g., when RLC PDU is re-transmitted and there are still room in the TB to accommodate new data from the same logical channel in which case a new RLC PDU is created for that data. However, as LTE RLC concatenates the RLC SDUs, in practice there should be not too many MAC SDUs from a single logical channel – perhaps at most two could be a practical assumption. Hence, it is not limited how the multiplexing of MAC SDUs belonging to one or different logical channels into TB is done, for instance, it is not mandated to multiplex MAC SDUs from one logical channel consecutively into the TB.
Given that the NR RLC does not concatenate RLC SDUs, NR MAC will need to multiplex much higher number of MAC SDUs from one logical channel compared to LTE MAC. Considering the receiver side processing, it would be the most beneficial to receive the MAC SDUs belonging to one logical channel consecutively inside a TB. On the other hand, it does not seem to bring any notable benefits for the transmitter allowing to interleave MAC SDUs of one logical channel between the SDUs of other logical channels.
Proposal 5: MAC SDUs belonging to one logical channel are multiplexed consecutively into a transport block (TB).
2.4	Padding
Considering the discussion in the preceding sections, when padding is enforced by lack of enough data to be multiplexed into the TB, it should be placed in the end of the MAC PDU, i.e., after all MAC CEs (if any) and MAC SDUs (if any). Furthermore, the optimization to omit the length field for the last SDU led to a quite complex transmitter design in LTE, hence, the length field should be always present for any MAC SDU while the padding is identified with a padding subheader without length field.
Proposal 6: MAC padding occurs in the end of the MAC PDU; zero or more padding bytes are allowed.
Proposal 7: MAC Length field is always present for any MAC SDU which enables MAC padding to be identified with a padding subheader without Length field.
4	Conclusions
This contribution has analysed the high level principles of NR MAC PDU encoding and the following was proposed:
Proposal 1: MAC SDUs, MAC subheaders, and MAC PDU are byte aligned (i.e., multiple of 8 bits).
Proposal 2: MAC subheaders are placed in front of the corresponding MAC SDUs, MAC CEs, or padding.
Proposal 3: Downlink MAC Control Elements are always placed before any MAC SDU, i.e., are placed in front of the MAC PDU.
Proposal 4: Uplink MAC Control Elements are selectively specified to be placed either before any MAC SDU or after all MAC SDUs in the MAC PDU, e.g. BSR and PHR are put in the end of the MAC PDU and SPS confirmation MAC CE is put in the front of the MAC PDU.
Proposal 5: MAC SDUs belonging to one logical channel are multiplexed consecutively into a transport block (TB).
Proposal 6: MAC padding occurs in the end of the MAC PDU; zero or more padding bytes are allowed.
Proposal 7: MAC Length field is always present for any MAC SDU which enables MAC padding to be identified with a padding subheader without Length field.
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