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Discussion and Decision
1      Introduction
In this contribution, we discuss MAC PDU structure, taking into account the RAN2#96 meeting agreement of not supporting concatenation in RLC layer.
2      Discussion
2.1     MAC PDU structure

In RAN2#96 meeting, after discussing the No concatenation in RLC solution (in [2]) and concatenation in RLC solution, following conclusion was reached regarding concatenation:

Working assumption:

-
Support the No concatenation in RLC solution (R2-169092)

=>
Aim is to confirm, or otherwise, the working assumption at the January ad hoc

PDU format in [2] is as follows:
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Figure 1: PDU format for no concatenation
In this PDU format, each MAC sub-header is placed adjacent to MAC SDU (RLC PDU). This is different from LTE, where all MAC sub-headers are placed at the beginning of MAC PDU, as shown below:
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Figure 6.1.2-3: Example of MAC PDU consisting of MAC header, MAC control elements, MAC SDUs and padding (TS 36.321 [1])
As the working assumption in [2] is proposed as a whole package for user plane, it is proposed to confirm that MAC sub-header is placed immediately before the corresponding MAC SDU.
Proposal 1: RAN2 to confirm that MAC sub-header is placed immediately before the corresponding MAC SDU.

2.2     MAC CE location

As discussed in [3], uplink processing time in NR is reduced significantly compared with LTE. We discussed the challenges to prepare RLC/MAC headers related to RLC SDU in [3]. It is also challenging to handle BSR. 
In LTE logical channel prioritization (LCP), BSR (with exception of BSR included for padding) has the 2nd highest priority, just behind MAC CE for C-RNTI or data from UL-CCCH (section 5.4.3.1 of TS 36.321 [1]). The priority of BSR is higher compared with logical channels other than UL-CCCH. This implies that during LCP, resources for BSR is allocated first before logical channels other than UL-CCCH. Taking Regular and Periodic BSR as an example. If more than one LCG has data available for transmission in the TTI, Long BSR (3 bytes) is reported; otherwise Short BSR (1 byte) is reported.
According to section 5.4.5 of TS 36.321 [1], “All BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs have been built for this TTI.” Therefore BSR calculation is done in the following steps (assuming only BSR and logical channels other than UL-CCCH are transmitted in one TTI).
1) In LCP procedure, resource for BSR is allocated.

2) In LCP procedure, for all the UL grants received, resources for logical channels are allocated.

3) BSR value is calculated after LCP procedure, reflecting the buffer status after LCP procedure. 

It can be seen that there are many computations before BSR can be calculated, especially when there are multiple UL grants (e.g. due to carrier aggregation in uplink). In LTE MAC (section 6.1.2 of TS 36.321 [1]), “MAC control elements are always placed before any MAC SDU.” This means that BSR should be transmitted almost at the beginning of a MAC PDU (only after a few MAC subheaders). This might be very challenging as BSR calculation is computation intensive.
It is therefore proposed to remove the restriction that MAC CEs are always placed before any MAC SDU, at least for BSR. Note that there is no impact on BSR processing at the gNB receiver side since transport block CRC check is anyway needed (even if receiver can start processing earlier). 
Proposal 2: It is allowed to place MAC CEs (at least BSR) after all MAC SDUs. 
2.3     MAC PDU format extensibility
In LTE, MAC PDU format (including the sub-header format) differentiation is handled in two levels:
· In the 1st level, overall MAC PDU format is differentiated by the corresponding transport channels, which are identified by physical layer mechanisms. In LTE, there are four MAC PDU formats for transparent MAC, Random Access Response, SL-SCH, and DL-SCH/UL-SCH/MCH. Taking transparent MAC as an example. If the transport channel is PCH, BCH, DL-SCH including BCCH, SL-DCH and SL-BCH, then transparent MAC PDU format is assumed (i.e. a MAC PDU consists solely of a MAC Service Data Unit). One example is that UE can identity whether a transport channel is PCH based on the corresponding RNTI (P-RNTI in this case).
· In the 2nd level, within the MAC PDU format, the MAC sub-header format (and potentially corresponding payload) is determined by LCID and some extension fields. For example, size of Length field is controlled by fields F and F2. DRX Command MAC CE is identified by the MAC sub-header with LCID ‘11110’, and the corresponding payload size is 0; C-RNTI MAC CE is identified by the MAC sub-header with LCID ‘11011’, and the corresponding payload is 2 bytes. One exception is that for SL-SCH, a version number (field V) is included to indicate which version of the SL-SCH subheader is used. This is based on contribution [4]. The main motivation is for future extensibility e.g. to support unicast communication. Actually in a later release (Rel-13), a new version is indeed introduced to support unicast.
There are following mechanisms in LTE to support new MAC PDU and header formats: 

· Introduction of new transport channels. This mainly requires physical layer extension.

· Introduction of new LCIDs.

· Using certain fields in the MAC sub-header. This is different from version field which is applicable for the overall MAC PDU format.

· Based on higher layer configuration. One example is that LCID ‘11110” indicates both MCH Scheduling Information and Extended MCH Scheduling Information. Which MAC CE format to use depends on whether pmch-InfoListExt is configured for an MCH.
One question for NR MAC PDU structure is whether to explicitly indicate a version number field from the 1st NR release for future extensibility? From above discussion, current LTE mechanisms are sufficient to handle future extensibility.
Proposal 3: There is no need to introduce a version field in NR MAC PDU structure.

3      Conclusion
In this contribution, we discuss MAC PDU structure in NR, and propose the following:
Proposal 1: RAN2 to confirm that MAC sub-header is placed immediately before the corresponding MAC SDU.
Proposal 2: It is allowed to place MAC CEs (at least BSR) after all MAC SDUs.
Proposal 3: There is no need to introduce a version field in NR MAC PDU structure.
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