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1 Introduction

During RAN2#97bis meeting, the following agreements on MAC PDU format were made:

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
In the last meeting, several proposals [1-3] were presented to allow processing from the end of the PDU. Also, placement of DL MAC CE is not decided yet. This paper provides the discussion on those open issues. 
2 Discussion

2.1 Processing at the End in Downlink
The motivation of processing at the end is to make early processing of MAC CE possible in the receiving side. So, we need to check whether the gain of the early processing is considerable or not. Table 1 shows MAC CEs defined for downlink in LTE and whether quick processing of each MAC CE is beneficial or not. For downlink, receiving side is UE. Some of them would not be used and new MAC CEs would be introduced in NR. But it would be good enough to start the discussion with the LTE MAC CEs in mind. 

	Index
	LCID values
	Need for quick processing

	10101
	Activation/Deactivation of CSI-RS
	could be beneficial

	10110
	Recommended bit rate
	no

	10111
	SC-PTM Stop Indication
	N/A

	11000
	Activation/Deactivation (4 octets)
	could be beneficial

	11001
	SC-MCCH, SC-MTCH (see note)
	N/A

	11010
	Long DRX Command
	no

	11011
	Activation/Deactivation (1 octet)
	could be beneficial

	11100
	UE Contention Resolution Identity
	no

	11101
	Timing Advance Command
	no

	11110
	DRX Command
	no

	11111
	Padding
	no


Table 1. Downlink MAC CEs in LTE 
In downlink, some MAC CEs require UE to take specific actions within a limited time and could have some benefits from early processing. However, the degree of the benefit is highly depending on the time constraints of the required action which will be decided in the later phase of this release. It should be noted that the time constraint is defined in the order of TTIs taking lowest-end UE’s processing capability into account while the amount of time saving from early processing is well below a single TTI (same amount of time for radio signal receiving, same amount of time for RF processing e.g. channel decoding, descrambling, de-interleaving, soft-combining etc. and the difference comes only from the specific part of baseband processing e.g. interpretation of received bit stream). Hence, smaller than single TTI reduction may not be a big gain.
Proposal 1. Do not consider processing of the end of MAC PDU in downlink.
2.2 Processing at the End in Uplink
Table 2 shows MAC CEs defined for uplink in LTE and whether quick processing of each MAC CE is beneficial or not. For uplink, receiving side is gNB. 
	Index
	LCID values
	Note

	10100
	Recommended bit rate query
	no

	10101
	SPS confirmation
	no

	10110
	Truncated Sidelink BSR
	N/A

	10111
	Sidelink BSR
	N/A

	11000
	Dual Connectivity Power Headroom Report
	could be beneficial

	11001
	Extended Power Headroom Report
	could be beneficial

	11010
	Power Headroom Report
	could be beneficial

	11011
	C-RNTI
	no

	11100
	Truncated BSR
	no

	11101
	Short BSR
	could be beneficial

	11110
	Long BSR
	could be beneficial

	11111
	Padding
	no


Table 2. Uplink MAC CEs in LTE 

It would be beneficial for gNB to be able to process the scheduling information like BSR and/or PHR as soon as possible. However, the degree of the benefit is highly depending on the scheduling policy and the amount of time saving. As like in downlink, time saving from early processing would be well below a single TTI in uplink. In scheduling information perspective moreover, the dominant part is the time duration between when the BSR/PHR is triggered and when the BSR/PHR is successfully decoded, which may take many TTIs usually. Hence, smaller than single TTI reduction may not be a big gain. 

Proposal 2. Do not consider processing of the end of MAC PDU in uplink.
2.3  Placement of DL MAC CE(s)
In the last RAN2 meeting, there has been debated whether to place MAC CEs in the front or in the rear of a DL MAC PDU. As indicated in proposal 1, we do not see the necessity of early processing of DL MAC CE in UE side whereas early processing of UL MAC CE in UE side is beneficial to fulfil the time constraints. Thus, the same principle can be applied to both uplink and downlink.
Proposal 3. DL MAC CE(s) is placed after all the MAC SDUs like UL MAC CE(s).
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:

Proposal 1. Do not consider processing of the end of MAC PDU in downlink.
Proposal 2. Do not consider processing of the end of MAC PDU in uplink.
Proposal 3. DL MAC CE(s) is placed after all the MAC SDUs like UL MAC CE(s).
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