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Introduction
Following was agreed in last meeting, 
Agreements:
The following NR sidelink resource allocation techniques by NR Uu for mode-1 are supported:
· Dynamic resource allocation
· Configured grant. 
· FFS whether type-1 and/or type-2 
Agreements:
· In continuing evaluating NR Uu scheduling of LTE sidelink mode-3, consider at least:
· What will be required on the UE side to support such feature 
· DCI design (e.g., whether DCI 5A can be reused)
· Deployment scenarios where it is beneficial

This contribution is to continue the discussion on sidelink resource allocation in mode 1 for NR V2X. The focus here is to use NR Uu to schedule NR sidelink resources.
Discussion
PSFCH is supported for unicast and groupcast communication based on previous agreements. The straightforward procedure for unicast/groupcast communication based on LTE-V2X principle would have four steps, as shown in Figure 1 below. The gNB transmits sidelink DCI to Tx UE who transmits PSCCH/PSSCH to Rx UE. After reception of PSCCH/PSSCH, Rx UE feedbacks PSFCH to Tx UE who feedbacks HARQ-ACK to gNB via PUCCH (or UCI in PUSCH). It causes large overhead and latency although it has merit on supporting any scenario regardless of Rx UE’s coverage status. When PSSCH’s data size is small, control overhead (sidelink DCI/PSCCH/PSFCH/PUCCH) can be larger than data.
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Figure 1 Straightforward procedure for unicast/groupcast communication

Observation 1: Straightforward procedure for unicast/groupcast communication in mode 1 based on LTE-V2X principle causes large overhead.

In case Tx UE and Rx UE are both in the same cell, some simplified behaviors would be possible i.e. 1) The gNB transmits sidelink DCI to both Tx UE and Rx UE while Tx UE only transmits PSSCH to Rx UE and 2) Rx UE directly feedback HARQ-ACK to gNB. For 1), the example is shown in Figure 2 (option 1) For 2), the example is shown in Figure 3 (option 2). By either approach, the signaling overhead and latency are reduced. Please note in option 1, gNB may directly transmit PSCCH to both Tx UE and Rx UE as well.
Above discussion is the procedure on unicast/groupcast communication in mode 1. For broadcast, the same proposal like option 1 could also be applied. The difference is just there is no HARQ-ACK feedback from Rx UE to gNB, as shown in Figure 4.
The optimization is mainly based on the assumption that both Tx UE and Rx UE are in the same cell. In case Rx UE is out of coverage, it seems straightforward solution shown in Figure 1 would be more reasonable approach. On the other hand, this case should be simply covered by mode 2 which can reduce overall complexity of the system design. Assuming gNB coverage is sufficiently large and the universal usage of mode 2, mode 1 is optimized only for the case both Tx and Rx UEs in the same cell would be reasonable design. 
Proposal 1: Simplified behaviors are considered for communication procedure in mode 1, i.e. 1) The gNB directly transmits sidelink DCI or SCI to both Tx UE and Rx UE and 2) Rx UE directly feedbacks HARQ-ACK to gNB.
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Figure 2 Simplified communication procedure for unicast/groupcast (option 1)
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Figure 3 Simplified communication procedure for unicast/groupcast (option 2)
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Figure 4 Simplified communication procedure for broadcast (option 3)

In order to show an institutive impression on latency value in mode 1, taking straightforward solution with 30 kHz as an example and the total average latency of user plane is 2.35ms as shown in Table 1 in appendix part. Based on option 1, the average latency of user plane could be reduced to 2.3 ms, which is around 2% improvement on latency performance. The HARQ RTT latency of straightforward solution is 3.5ms while HARQ RTT latency of option 1 is 3ms, which has 14% latency improvement. 

Regarding HARQ-ACK resource determination, fixed or pre-configured timing (e.g., from PSCCH/PSSCH to PSFCH) is desirable in our view, as what is discussed in our companion contribution [1] for mode 2. This approach can be applied to any of above mentioned solutions, for example in straightforward solution, PSFCH resource is not indicated in sidelink DCI/PSCCH. Instead, PSFCH’s resource is implicitly determined by associated PSCCH/PSSCH transmitted by Tx UE. By such approach, the signalling overhead is saved. 
Proposal 2: HARQ-ACK resource for unicast/groupcast is implicitly determined by associated PDCCH or PSCCH/PSSCH.
Conclusion
In this contribution we discussed resource allocation mechanism for mode 1. Based on the discussions, followings are observed and proposed, 
Observation 1: Straightforward procedure for unicast/groupcast communication in mode 1 based on LTE-V2X principle causes large overhead.
Proposal 1: Simplified behaviors are considered for communication procedure in mode 1, i.e. 1) The gNB directly transmits sidelink DCI or SCI to both Tx UE and Rx UE and 2) Rx UE directly feedbacks HARQ-ACK to gNB.
[bookmark: _GoBack]Proposal 2: HARQ-ACK resource for unicast/groupcast is implicitly determined by associated PDCCH or PSCCH/PSSCH.
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Appendix 

30 kHz SCS case with some simplified calculation carried out by the following.
Table 1 Latency calculation for straightforward solution and option 1  
	
	
	
	Straightforward solution
	Option 1

	ID
	Component
	Notations
	Value
	Value

	0
	SR/BSR report 
	Ignored here as no difference between two solutions
	Not considered
	Not considered

	1
	DL control channel transfer
	T1 = (tBS,tx + tFA,DL) + tDL_duration + tUE,rx
	1 ms
	1 ms

	1.1
	BS processing delay
	tBS,tx
Sidelink DCI is prepared
	0.5ms of the combination of tBS,tx
and tFA,DL

	0.5ms of the combination of tBS,tx
and tFA,DL


	1.2
	DL Frame alignment (transmission alignment)
	tFA,DL
It includes frame alignment time, and the waiting time for next available DL slot
	
	

	1.3
	TTI for sidelink DCI transmission 
	tDL_duration
	0.5ms of the combination of tDL_duration 
and tUE,rx 

	0.5ms of the combination of tDL_duration 
and tUE,rx 


	1.4
	Tx UE processing delay
	tUE,rx 
The time that the sidelink DCI is decoded and PSCCH/PSSCH is prepared
	
	

	2
	Sidelink data transfer from Tx UE
	T2 = (t2.1 + t2.2)
	1 ms
	1 ms

	2.1 
	TTI for PSCCH/PSSCH transmission
	t2.1
	0.5ms
	0.5ms
Note PSCCH is not sent by Tx UE

	2.2
	Rx UE processing delay
	t2.2
	0.5ms 
	0.5ms 

	3
	PSFCH transfer from Rx UE
	T3= (t3.1 + t3.2)
	0.5ms
	0 ms

	3.1 
	TTI for PSFCH transmission 
	t3.1
	2 symbols (0.07ms)
	0 ms

	3.2
	Tx UE processing delay
	t3.2
	14 symbols (0.43ms)
	0 ms

	4
	PUCCH transmission
	T4 = (tUE,tx + tFA,UL) + tUL_duration + tBS,rx 
	1 ms
	1 ms

	4.1
	UE processing delay
	tUE,tx 
The time PUCCH is prepared
	0.5ms of the combination of tUE,tx 
and tFA,UL

	0.5ms of the combination of tUE,tx 
and tFA,UL


	4.2
	UL frame alignment (transmission alignment)
	tFA,UL
It includes frame alignment time, and the waiting time for the next available UL slot
	
	

	4.3
	TTI for ACK/NACK transmission
	tUL_duration
	0.5ms of the combination of tUL_duration and tBS,rx 
	0.5ms of the combination of tUL_duration and tBS,rx 

	4.4
	BS processing delay
	tBS,rx 
The time interval between the ACK is  received and the ACK is decoded.
	
	

	-
	Total one way user plane latency for DL
	TUP= T1 + T2 + p×THARQ
where p is the probability of re-transmissions and 0.1

THARQ = T1 + T2 + T3 + T4
	TUP = 2.35 ms
THARQ = 3.5ms
	TUP = 2.3 ms
THARQ = 3 ms
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