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Introduction
During the study item phase, it was agreed that MAC sub-headers are interleaved with MAC SDUs [1] .In RAN2#97bis, further agreements on the NR MAC PDU format were achieved:
Agreements:
-	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
In this contribution, we will discuss the MAC sub-header design and the construction of MAC SDUs in MAC PDU, especially for the MAC SDUs belonging to same logical channel.
Discussion
In NR, there is no concatenation in RLC. Therefore multiple RLC PDUs belonging to same logical channel can be delivered to MAC sublayer and multiplexed in one MAC PDU. There are 2 options for the MAC SDU sub-header design and the construction of MAC SDUs in a MAC PDU.
Option 1: one MAC sub-header including LCID field corresponds to one MAC SDU
The MAC sub-header in option 1 can  have the formats in Figure 1 and Figure 2.
A MAC SDU sub-header consists of the fields R/F/E/LCID/(L) similar to LTE. Similar to LTE, a MAC SDU located at the end of a MAC PDU does not need a corresponding L field, since it can be derived from the total length of the transport channel block and the lengths of other SDUs. Therefore, there is no L field for the MAC SDU at the end of MAC PDU [2] . 
· E: The E field indicates if the L field exists in this sub-header.
· F: The F field indicates the size of L among two values with a maximum of 16 bits [2] .
An example of MAC PDU consisting of consecutive MAC SDUs and their sub-headers belonging to one logical channel is shown in Figure 3.



[bookmark: _Ref477885671]Figure 1  R/F/E/LCID/F/L MAC sub-header


[bookmark: _Ref477885677]Figure 2  R/F/E/LCID MAC sub-header

[bookmark: _Ref477898382]Figure 3  An example of MAC PDU (option 1)
Option 2: one common LCID field for consecutive MAC SDU(s) belonging to the same logical channel
In option 2, there are two different types of MAC sub-headers for consecutive MAC SDUs belonging to a same logical channel: the first sub-header includes the LCID field and the others don’t. It is very similar to option 1 except that the LCID field is pushed only once per logical channel for the consecutive MAC SDUs. This provides the benefit of reducing the overhead as it prevents from duplicating this field on each MAC SDU sub-header of the same logical channel. If there are many MAC SDUs belonging to an LCID multiplexed in one MAC PDU, this saving can be significant. After constructing a MAC PDU, this field is appended to the next RLC PDU or segment in the transmission queue, so can be pre-constructed before the next grant is issued for this logical channel. Therefore, it is not contradictory with the underlying principles used so far to enable accelerating MAC PDU construction and early forwarding to PHY.
In order for the receiver to know when to expect either of the two sub-header types, some fields (see details below) in each sub-header indicate which sub-header type to expect with the next SDU. For example the shorter sub-header carrying only the L field includes a bit to indicates if this SDU is the last SDU of the logical channel. 
Two examples of option 2 are shown in Figure 4 and Figure 5. The examples show that option 2 can work well for one or multiple MAC SDUs and the size of L field can be 16 bits or less. The details of MAC sub-header format can be discussed further.
For example 1 in Figure 4,
· E: The E field indicates if the L field exists in this sub-header (same as option 1).
· F: The F field indicates if the L field of this PDU is 16 bits or lower. With a 16-bit L field, E0/F0 fields (see below) do not exist which forces the next PDU to carry LCID in its sub-header.
· E0: The E0 field indicates if this SDU is the last SDU of this set of consecutive SDUs from that logical channel, in which case the expected next sub-header, if any, is either a 3-byte SDU sub-header, a MAC CE sub-header or a padding sub-header..
· F0: If exists, the F0 field indicates the size of L field,  6 or 14 bits.
For example 2 in Figure 5, there is an additional field “LF”,
· LF: The LF field indicates this is the last logical channel in this MAC PDU. In this case, the E0 field indicates that the next MAC SDU is the last SDU of this logical channel which comes without sub-header, since its length can be derived from the length of the transport channel block, known by the receiver, and the other SDUs, MAC CEs and padding lengths. Note LF field is not redundant with E field since E field is still useful when the MAC sub-header corresponds to one single MAC SDU in a logical channel which is at the end of the MAC PDU. In which case, there is only one byte MAC sub-header, signalled by E.
Example 2 is an optimization of example 1, it is useful when the data amount for transmission of a logical channel is large, or the UE has high processing capability and can predict the last MAC SDU in the logical channel.
An example of MAC PDU consisting of the MAC sub-header set in Figure 5 (example 2) and consecutive MAC SDUs belonging to the same logical channel is shown in Figure 6. LF=1 in the first MAC sub-header, E0=0 in the third MAC sub-header, so there is no MAC sub-header corresponding to the last MAC SDU (MAC SDU4).




[bookmark: _Ref477903439]Figure 4  MAC sub-header set (example 1)


[bookmark: _Ref477903441]Figure 5  MAC sub-header set (example 2)


[bookmark: _Ref477903827]Figure 6  An example of MAC PDU consisting of a MAC sub-header set and consecutive MAC SDUs belonging to the same logical channel (option 2)
Comparing above options, the option 2 brings the benefit of both transmitting acceleration and reducing the overhead of the MAC sub-headers. Then option 2 could be taken as the method of MAC SDU sub-header. The detail fields in MAC SDU sub-header could be discussed further and the fields in Figure 4 and Figure 5 should be considered.
Proposal 1: Only one LCID field is needed in the MAC sub-header(s) for the consecutive MAC SDUs belonging to same logical channel. 
Proposal 2: A set of MAC sub-headers could be used for the consecutive MAC SDUs belonging to same logical channel where only the first MAC sub-header in the set includes the LCID field.
Conclusion
In this contribution, we analyze the MAC SDU sub-header and construction of MAC SDUs in a MAC PDU.
Proposal 1: Only one LCID field is needed in the MAC sub-header(s) for the consecutive MAC SDUs belonging to same logical channel. 
Proposal 2: A set of MAC sub-headers could be used for the consecutive MAC SDUs belonging to same logical channel where only the first MAC sub-header in the set includes the LCID field.
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