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Discussion and Decision
1      Introduction
In this contribution, we discuss MAC CE location based on agreement taken in RAN2 NR AH#1 meeting.
2      Discussion
In RAN2 NR AH#1 meeting, it was agreed that “MAC CEs are not placed in the middle of the MAC PDU but at the beginning or at the end (placement can be decided later)”. In this section, we discuss further the rationale to allow certain MAC CEs to be placed at the end of the MAC PDU.
As discussed in [2], the target uplink processing time in NR is very stringent compared with LTE. If uplink data is transmitted in the same subframe uplink grant is received, the target uplink processing time is one OFDM symbol. We discussed the challenges to prepare RLC/MAC headers related to RLC SDU in [2]. 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 are 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 computationally intensive.
Observation 1: Since BSR calculation is computationally intensive, placing BSR at the beginning of MAC PDU is very challenging for transmitter side processing.

In [3], it was argued that it is beneficial to put MAC CE (in particular the BSR and the PHR) at the beginning of MAC PDU so that the receiver can feed this information quickly towards the uplink scheduler. However, in most cases gNB receiver cannot utilize such information since transport block CRC check is anyway needed (even if receiver can start processing earlier). Take LTE PUSCH processing as an example. Firstly a transport block CRC is attached after the transport block (MAC PDU). If the size (including transport block) is less than or equal to the maximum code block size, code block CRC is not attached (as shown in Figure 1a below); otherwise, code block segmentation is performed and code block CRC is attached for each code block (as shown in Figure 1b below, using two code blocks as example). It is obvious that when code block segmentation is not performed (i.e. there is only transport block CRC), putting MAC CEs at the beginning does not facilitate fast receiver processing of MAC CEs since transport block CRC check should be performed. When code block segmentation is performed (i.e. there are both transport block CRC and code block CRCs), it might be possible to verify MAC CE based on code block CRC. However for more reliability (from the transport block CRC) and consistent HARQ and layer 2 behaviors, it is still preferred to process MAC CEs after performing transport block CRC check. In RAN1#88 meeting, RAN1 made a working assumption on CBG-based transmission with single/multi-bit HARQ-ACK feedback, where CBG (Code Block Group) can include one, multiple, or all CBs of a TB [4]. If a CBG includes all CBs of a TB, it is similar to the LTE scenario where a TB CRC is applied. Note that CBG based retransmission is mainly proposed to handle the case of multiplexing URLLC and eMBB (e.g. [5]

 REF Ref_RAN1_Nokia \h 
[7]

 REF Ref_RAN1_QC \h 
[6]). Therefore even with the agreement of CBG based (re)transmission, in most cases (one CB per TB, one CBG includes all CBs, and no multiplexing between URLLC and eMBB), gNB still needs to receive the entire TB before processing any MAC CE. Therefore placing MAC CEs at the beginning of MAC PDU does not benefit gNB scheduler.
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(b) Code block segmentation





Figure 1: CRC attachment in LTE
Observation 2: Placing MAC CEs at the beginning of MAC PDU does not benefit gNB scheduler since transport block CRC check is needed.

It is therefore proposed that MAC CEs (at least BSR) can be placed at the end of the MAC PDU. 

Proposal 1: It is allowed to place MAC CEs (at least BSR) after all MAC SDUs. 
3      Conclusion
In this contribution, we discuss MAC CE location in NR, we have the following observations:

Observation 1: Since BSR calculation is computationally intensive, placing BSR at the beginning of MAC PDU is very challenging for transmitter side processing.



 REF Obs_Rx \h 

Observation 2: Placing MAC CEs at the beginning of MAC PDU does not benefit gNB scheduler since transport block CRC check is needed.

We propose the following:
Proposal 1: It is allowed to place MAC CEs (at least BSR) after all MAC SDUs.
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