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Introduction
RAN2 is discussing the format of the MAC PDU. Related to this is the discussion of the MAC subheader which is addressed in this paper. Related agreements from RAN2#97bis are:
Agreements on MAC PDU format:
-	MAC SDUs, MAC subheaders, and MAC PDU are byte aligned (i.e., multiple of 8 bits).
-	MAC subheaders are placed immediately in front of the corresponding MAC SDUs, MAC CEs, or padding.  The possibility to parse the MAC PDU from the back is not precluded.  
-	MAC CEs are grouped together 
-	UL MAC CE(s) is placed after all the MAC SDUs.  For DL the placement will be deterministic (i.e. it should not be up to the network to decide).  FFS if we have the same behaviour for both or for DL the MAC CE is placed at the front

This contribution highlights some of the LTE MAC sub-header limitations and highlights how these limitations could be overcome in NR. This discussion complements [1] which discusses the general MAC header parameters.
[bookmark: _Ref178064866]Discussion
Revisiting the LTE design
The purpose of the MAC sub-header is, briefly speaking, for the transmitter to indicate to the receiver what type of data comes after the MAC sub-header and how much it is. The subsequent data can be either a MAC SDU (i.e. user data) or a MAC CE (i.e. control data). If the subsequent data is a MAC SDU the LCID field indicates the logical channel ID, which tells the receiver which RLC entity to pass the MAC SDU to. If the subsequent data is a MAC CE, the LCID field tells the receiver which MAC CE it is. Figure 1 shows two of the four MAC sub-headers in LTE.


Figure 1 – Two of the four MAC sub-headers in LTE.
For NR, the design of the MAC PDU will be different compared to LTE, partly driven by removing concatenation function from RLC. As explained in [1] there is no need for the E-bit of the MAC sub-header, which could warrant a redesign of the MAC sub-header in NR.
A MAC receiver would typically have separate hardware for processing of MAC SDUs and MAC CEs. To speed up processing it is of importance to quickly establish whether a received MAC sub-header and subsequent data belongs to MAC SDUs or MAC CEs. In LTE this is done inspecting the LCID field and table lookup. We believe that to meet the requirements in NR, this design is not sufficient. A redesign of the MAC sub-header which allows for quicker determination of control or user data is needed.
The current LCID table in LTE is shared among logical channels and MAC CEs. This restricts the total number of logical channels and MAC CEs to 32. We think a separation of logical channels and MAC CEs in the LCID space would allow the number of MAC CEs to increase without impacting the number of logical channels and vice versa. 
Determining the length of a received MAC SDU or MAC CE in LTE is a bit complex. The length of a constant length MAC CE is determined by the LCID, and in this case no length field is included. For variable length MAC CEs and MAC SDUs the length is determined by the F, F2, and length fields depending on the size of the data. The reason behind the two F-fields is backwards compatibility and development of LTE over time. In the spirit of simplifying the processing at the receiver, this solution could be revisited.
Better design of the MAC sub-header
To summarize the previous discussion, it would be preferable with a sub-header design which allows for
-	Quick processing and determination of user data and control data
-	Separation of LCIDs for MAC CEs and MAC SDUs
-	Deterministic evaluation of the length of the data
We think that, similar to the PDCP header, the MAC sub-header should have a D/C bit which lets the receiver know whether the received data can be processed as user data or control data. This bit also allows for separate LCID tables for data and control. Finally, we think a length field should be present, and similar to LTE we think the length of the length field can be indicated by one F-bit. The presence of one R-bit also allows for future extensibility. The MAC sub-header is shown in Figure 2.


Figure 2 – Proposed MAC sub-header with long length field (left) and short length field (right).
Padding is a special case. With the design of the MAC PDU presented in [1] there is no need to have a length field for the padding. This has the benefit that no special treatment is needed depending on the length of padding, i.e. no special actions if the padding is 1 byte, 2 byte or more. 
As a bonus, the presence of a length field also allows for the UE to discard unknown MAC CEs and parse the rest of the MAC PDU. In LTE this is not supported and if the UE detects an unknown MAC CE it will discard the complete MAC PDU. This can be beneficial when transmitting to a group of UEs with varying capabilities, but where the gNB would want to take advantage of an advanced capability (e.g. support of a new MAC CE) among some of the UEs. This should be regarded as a non-common use case and commonly the gNB should transmit MAC CEs it knows the UE can receive. Similarly, the UE should not autonomously transmit MAC CEs unless configured to do so.
[bookmark: _Toc481675327][bookmark: _Toc481865486]Adopt the MAC sub-header design DC/F/R/LCID/L as described above.
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Adopt the MAC sub-header design DC/F/R/LCID/L as described above.
[bookmark: _In-sequence_SDU_delivery]
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