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1 Introduction

In [1]- [3], we have provided an overview of the sidelink physical layer structures as well as procedures for NR. In this contribution, we discuss and analyze the corresponding designs and structure for the sidelink control channels.The following aspects are considered:

· Control channel design to provide high reliability

· Support of unicast, groupcast, and broadcast for NR sidelink

·  Support of multiple SCI formats
·  Support of SL feedback channel 

2 NR sidelink control channel requirements 

2.1.1 PSCCH reliability enhancement

First, we provide some preliminary analysis on the reliability requirements for NR. Based on the MCL (maximum coupling loss) calculation template in Section 5.1.2 of TR 36.824 and the pathloss model defined in Section 6.2.1 of TR 37.885 for NR V2X, the SNR at different communication range can be estimated as shown in  Table 1 - Table 3. A 6 GHz carrier frequency and 20 MHz system bandwidth are assumed and three NLOSv cases are considered.

Table 1: SNR values vs. Range for NLOSv case 1

	SNR (dB)
	50 m
	100 m
	200 m
	500 m
	700 m
	1000 m

	LOS_Highway
	3.0473            
	-2.9733
	-8.9939
	-16.9527
	-19.8753
	-22.9733

	LOS_Urban
	3.6845           
	-1.3427
	-6.3699
	-13.0155
	-15.4558
	-18.0427

	NLOS
	-17.5365       
	-26.5674
	-35.5983
	-47.5365
	-51.9203
	-56.5674


Table 2: SNR values vs. Range for NLOSv case 2

	SNR (dB)
	50 m
	100 m
	200 m
	500 m
	700 m
	1000 m

	LOS_ Highway
	-9.4527          
	-15.4733
	-21.4939
	-29.4527
	-32.3753
	-35.4733

	LOS_ Urban
	-8.8155     
	-13.8427
	-18.8699
	- 25.5155
	-27.9558
	-30.5427

	NLOS
	-30.0365         
	-39.0674
	-48.0983
	-60.0365
	-64.4203
	-69.0674


Table 3: SNR values vs. Range for NLOSv case 3

	SNR (dB)
	50 m
	100 m 
	200 m
	500 m  
	700 m
	1000 m

	LOS_ Highway
	-1.9527           
	-7.9733
	-13.9939
	-21.9527
	-24.8753
	-27.9733

	LOS_ Urban
	-1.3155           
	-6.3427
	-11.3699
	-18.0155
	-20.4558
	-23.0427

	NLOS
	-22.5365  
	-31.5674
	-40.5983
	-52.5365
	-56.9203
	-61.5674


With the estimated SNR values, we evaluated an assumed PSCCH design based on LTE PSCCH in 2 PRBs using polar coding shown in Figure 1 with different vehicle velocities and different antenna configurations. Detailed simulation parameters are listed in appendix A (see Table 4). It is seen that to achieve 10-5 BLER, the SNR should be more than 2 dB for 4T4R case.
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Figure 1 BLER vs. SNR for 2 PRB assumed PSCCH design.
From TS 22.186, for sensor information sharing application between UEs such as to support higher degree of automation, 99.999% reliability is required at a communication range of 200m [R.5.4-003]. For emergency trajectory alignment scenario, the same reliability is required at an even larger communication range of 500 m [R.5.3-006]. Though [R.5.4-005] has reliability requirement of 99%, the communication range is set to 1000 m.

From results in Table 1 - Table 3 and Figure 1, at communication range of 200m and 500m, the SNR is low as -48dB and -60dB respectively for NLOSv case 2. To achieve 99.999% reliability at 200m and 500m, the SNR shall be larger than 2 dB, which is impossible to reach in the NR V2X communication environment, in a fixed 2 PRB design, even when using polar coding. Also it is hard to achieve 99% reliability at 1000m communication range. 

For NR V2X, different methods needed to fulfil the reliability requirements should be considered. PSCCH designs based on repetition of SCI both in time and also in frequency domain provide different advantages in terms of reliability and/or latency. To improve the reliability for PSCCH transmission, more PRBs might be allocated to PSCCH compared to LTE V2X based FDMed SA and data multiplexing transmission. To achieve 3 ms low latency for emergency trajectory alignment, TDMed SA and data multiplexing may be applied. In this case, multiple symbols/slots might be allocated for PSCCH transmission. In addition to the simple repetition, to introduce aggregation levels as in the NR-PDCCH design also needs to be taken into consideration. The support of different types of DMRS structure for PSCCH needs to be studied as it would depend on the 1) multiplexing adopted for SA and data, 2) required reliability of PSCCH. For TDMed SA and data, front loaded DMRS is preferred while other DMRS mapping can be considered for FDMed SA and data. The reliability of PSCCH also depends on the density of DMRS in the time and frequency domain and the number of DMRS symbols supported in a slot.

Proposal 1: NR PSCCH formats supporting repetition of SCI in time and in frequency domain need to be studied, as well as the procedures of UE monitoring of PSCCH so that reliability and latency requirements are met.

Proposal 2: DMRS design for PSCCH needs to take account of the PSCCH formats, the TDM/FDM multiplexing of SA and data, and the reliability vs. overhead tradeoffs.
2.1.2 NR SCI formats 
In TS 36.212, SCI format 1 is dedicated for V2X scheduling information. Since broadcast is specified in LTE V2X, there are resource allocation for initial transmission and retransmission included in SCI format 1. Here the retransmission is based on blind retransmission or repetition without a feedback trigger. 

To support unicast, groupcast and broadcast transmissions and their possible simultaneous usage in NR V2X, feedback based retransmission should be considered. Feedback timing resource shall be known to the receivers. Synchronous feedback can be applied so that the feedback timing is pre-defined based on frame structure configuration. Another option is asynchronous feedback where feedback timing shall be indicated in SCI. Asynchronous feedback is more flexible to accommodate different service requirements on transmission latency. If multiple HARQ processes are needed, HARQ process number and new data indicator also need to be included in the SCI.  

Other considerations include ways to reduce the blind decoding complexity for the NR UE that now is adding V2X operations to its normal operations e.g. different SCI formats design could be studied to minimize the SCI decoding complexity for intra-UE services multiplexing. Other improvements on the SCI format that should also be studied include the support of pre-indication or pre-emption for both inter-UE and intra-UE services multiplexing, on demand CSI reporting for link adaptation. 
Proposal 3: NR SCI for V2X needs to support the coexistence of multiple transmission modes, in addition to the support of HARQ ACK/NACK feedback and CSI reporting. 

2.1.3 NR SL feedback channel 

No feedback channel is defined for LTE V2X broadcast. However to support reliable unicast and groupcast transmission in NR V2X, HARQ processes and an ACK/NACK feedback channel would be a natural extension. CSI information including vehicular-relevant information such as Doppler and delay spread can also be reported for better adaptation. Hence, a new physical sidelink feedback channel which can feedback ACK/NACK and CSI should be studied. For SL unicast transmissions, the NR PUCCH design can be reused for SL feedback channel design [4][5]
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 \* MERGEFORMAT [6]. For groupcast transmission, multiple group members will feedback ACK/NACK and/or CSI and management of the feedback channels’ resources needs to be further studied to avoid that they overlap and interfere. 
Proposal 4: NR sidelink feedback channel is introduced, which supports feedback for unicast and groupcast transmissions. 

3 Conclusions
In the following, we highlight our key proposals related to sidelink control channel for NR V2X.

Proposal 1: NR PSCCH formats supporting repetition of SCI in time and in frequency domain need to be studied, as well as the procedures of UE monitoring of PSCCH so that reliability and latency requirements are met.

Proposal 2: DMRS design for PSCCH needs to take account of the PSCCH formats, the TDM/FDM multiplexing of SA and data, and the reliability vs. overhead tradeoffs.
Proposal 3: NR SCI for V2X needs to support the coexistence of multiple transmission modes, in addition to the support of HARQ ACK/NACK feedback and CSI reporting. 

Proposal 4: NR sidelink feedback channel is introduced, which supports feedback for unicast and groupcast transmissions. 
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Appendix A
Table 4 Simulation parameters

	Parameter
	Assumption

	Carrier frequency
	6 GHz

	Subcarrier spacing
	15 kHz

	Waveform
	SC-FDMA

	Channel mode
	CDL-A

	SL Bandwidth
	2 RB

	Number of symbols
	14

	Channel coding
	Polar

	Number of antennas
	2TR/4TR 

	Antenna separation in wavelength
	0.5

	DMRS pattern
	4 symbols

	UE speed
	30/140/280 km/h

	Receiver processing
	MMSE

	Channel estimation
	Practical 


