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In RAN2#95bis meeting it was agreed that [2]:
Agreement:
1. MAC sub-headers placement with respect to the MAC payload can be determined once the rest of the U-plane is more stable.
In RAN2#96 meeting it was agreed that [3]:
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
In RAN2#AH meeting it was agreed that [5]
Agreements
1	MAC sub-headers are interleaved with MAC SDUs.
In RAN2#96 meeting, several alternatives have been proposed in order to reduce real time processing load of NR U-Plane stack. Additionally, RAN2 agreed that concatenation is removed from RLC [3]. As a result, RLC header and MAC can be pre-processed except the last RLC header and MAC sub-header corresponding to segmentation [4].
Based on the agreements from previous meeting, new format of MAC PDU is proposed in this contribution.
Discussion
In LTE, MAC control elements (MAC CEs i.e., BSR, PHR) are placed at the beginning of a MAC PDU before any MAC SDU(s). In NR, the intention is to hasten the layer-2 processing time by e.g., allowing some pre/ parallel-processing. In this respect, placement of MAC CEs within the MAC PDU needs to be also considered,  e.g., computation of BSR can be only done based on the outcome of LCP (i.e. not before LCP has been fully run) and calculation of PHR depends upon PHY inputting this value to MAC. Since the content of MAC CEs is not available at an early point of time, when using the same principle as in LTE for the placement of  MAC CEs, it is not possible to forward already available part(s) of the MAC PDU, i.e., MAC SDU(s) and associated headers from the highest priority logical channel to PHY [1]. Hence the benefit w.r.t UE processing timing cannot be achieved with the current MAC PDU format, i.e., placement of MAC CEs within a MAC PDU. 
Observation 1: With the current MAC PDU format, i.e. MAC CEs are placed before any MAC SDUs within a MAC PDU, the benefit of delivering already parts of the MAC PDU to PHY for encoding before the complete TB is generated cannot be achieved. 
 Based on the agreement of RAN2#96[3] and RAN2#AH[5] meetings, we propose to place MAC CEs (and associated MAC sub-header) after all MAC SDUs as illustrated in figure 1. 


Figure 1:  MAC CE(s) and corresponding Sub-headers after last MAC SDU
Though such a MAC PDU format is transmitter-friendly however, it should be noted that from receiver side it might be important to receive and process certain types of MAC CEs as soon as possible i.e. activation/de-activation MAC CEs (transmitted from eNB to the UE) or C-RNTI MAC CE in uplink (from the UE to the eNB). This was the main reason in LTE to place MAC CEs before any MAC SDUs in a MAC PDU. 

In order to address this issue, one possibility could be a position of MAC CEs and associated sub-headers are placed either before MAC SDUs or after MAC SDUs depending on the content of the MAC CEs as illustrated in figure 2. 


Figure 2: Option 1 - Position of MAC CEs and corresponding sub-headers
For example, MAC BSR with associated sub-header is added at the end of MAC PDU to allow more time computing BSR while C-RNTI MAC CE with associated sub-header is located at the beginning of MAC PDU to allow quick processing on RX side. This option may assume the part of TB is received sequentially at the receiver from L1 to MAC.
Option 1: MAC CEs and associated sub-headers are placed either beginning of MAC PDU or end of MAC PDU depending on the content of the MAC CEs. 
Another possibility could be the MAC CE related sub-headers are placed in the beginning and the MAC CEs themselves are placed at the end as shown in figure 3, allowing basically the receiver to extract the necessary information without parsing the whole MAC TB. An advantage is that the receiver is able to parse the MAC PDU from the end in order to quickly process the MAC CEs (if there are MAC CEs present)  and the transmitter has more processing time for the computation of MAC CEs since they are placed after any MAC SDUs. This option may assume the whole TB is received at one time at the receiver from L1 to MAC.



Figure 3: Option 2 – Position of MAC CE(s) and corresponding sub-headers

Option 2:  MAC sub-header(s) associated to any MAC CEs are placed before the rest of the MAC PDU and the MAC CEs itself are placed after all MAC SDUs.
Conclusions
In this contribution, we investigate MAC PDU structure for NR in order to save Layer 2 processing time by sending part of the MAC PDU to PHY. Accordingly we observed following and one proposal: 
Observation 1: With the current MAC PDU format, i.e. MAC CEs are placed before any MAC SDUs within a MAC PDU, the benefit of delivering already parts of the MAC PDU to PHY for encoding before the complete TB is generated cannot be achieved. 
Proposal 1: MAC CEs are placed in the position for efficient receiver processing. 
Proposal 2: RAN2 to discuss following two options to satisfy Proposal 1:  
Option 1: MAC CEs and associated sub-headers are placed either beginning of MAC PDU or end of MAC PDU depending on the content of the MAC CEs.
Option 2:  MAC sub-header(s) associated to any MAC CEs are placed before the rest of the MAC PDU and the MAC CEs itself are placed after all MAC SDUs.
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