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1 Introduction

In RAN #80 meeting, new study Item about NR V2X was agreed. This study item includes the following objectives [1]:
1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 

· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)

· Study sidelink synchronization mechanism

· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.

2: Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases

· Identify enhancements, if any, that are needed to meet advanced NR V2X use cases

NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.

3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 

· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 
4: RAT/Interface selection for operation [RAN2, RAN3]:
In coordination with SA2, study if additional mechanisms are required for decision on whether LTE PC5, NR PC5, LTE Uu or NR Uu shall be used for operation.

5: QoS management [RAN1, RAN2]:

· Study technical solutions for QoS management of the radio interface (including both Uu and sidelink) used for V2X operations based on input from SA2
6:  Coexistence [RAN1]:  

· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 

· Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP. 

Sidelink frequency: Sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered in the study. The target is to have a common sidelink design for both FR1 and FR2. The closing of the SI and the opening of the WI should not be dependent on the completion level of FR2, although it is targeted to complete SI aspects for both FR1 and FR2.
In this contribution, we present our initial views about physical layer structure design of NR V2x sidelink communications.
2 Discussion 
2.1 Modulation and coding 
In LTE V2x, similar as LTE UL transmission, only SC-FDMA is supported for sidelink communications. The purpose is to maintain low PAPR property for V2x UE transmitter. In Rel-15 NR Uu UL design, both CP-OFDM and SC-FDMA are supported. It needs to be discussed whether the PAPR limitation can be relaxed in NR V2x sidelink design. If the limitation can be relaxed, it may be more beneficial to support CP-OFMA for sidelink transmission to enable flexible resource allocation and reduce reference signalling cost. 
Following NR coding decisions, polar code can be considered as the coding scheme for sidelink control information, and LDPC can be considered as the coding scheme for sidelink data packets.
2.2 DMRS structure
Typical use cases of V2x communications are with high relative speed between transmitter and receiver; and higher carrier frequency e.g. 5.9GHz can be used for V2x sidelink spectrum, which may result in rather high Doppler frequency shift up to several KHz. As for FR2 (eg.30GHz), under high-speed scenario, the coherence time of channel is reduced to tens of us. In order to better match the time-varying characteristics of high-speed channel, the density of DMRS in time domain should be increased. 

Two possible DMRS structures are shown in FIG. 1. The left one is similar to the LTE V2X DMRS design (termed V-type DMRS). To achieve better channel estimation, the number of reference symbols has to be increased. This also implies an even larger reference signaling cost if multi-port transmission is supported. The right DMRS structure has higher time domain DMRS density (termed H-type DMRS), and thus is more beneficial on tracking the changes of channels, combating the impact of frequency offset, and reducing the complexity of frequency offset estimation algorithm. However, only CP-OFDM can support this DMRS structure, which leads to degradation of PAPR and raises higher requirements for the RF of equipment.
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Figure 1. Example of DMRS structure

Observation 1: In order to better match the time-varying characteristics of high-speed channel, the density of DMRS in time domain should be increased.
2.3 Numerology 
Rel-15 NR supports multiple numerologies from 15KHz SCS to 240KHz. For data communications, in FR1, 15KHz, 30KHz, and 60KHz SCS are supported; and in FR2, 60KHz and 120KHz SCS are supported. 
Higher SCS value(s) are less sensitive to ICI, and is beneficial to combat with high Doppler frequency shift and the additional frequency synchronization error. Especially for V-type DMRS structure, given the same reference signal cost, higher DMRS time domain density can be achieved by using higher SCS value. However, for H-type DMRS structure, the performance benefit for higher SCS values needs to be further investigated, as H-type DMRS structure already provides high DMRS time domain density to combat with high Doppler effect. 
In Figure 2, some initial link level simulation results assuming H-type DMRS structure for control channel are shown. The fast fading channel parameters are as listed in [2], Polar code is assumed as channel coding scheme, and other detail simulation parameters are listed in Appendix. It can be observed that lower SCS values can achieve even better performance in higher SNR region. For H-type DMRS structure, as SCS value is increased, the frequency domain channel estimation accuracy would be degraded. The benefit of higher SCS on combating Doppler effect may not be dominant for H-type DMRS structure. 
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Figure 2. Link level simulation results with different SCS
Meanwhile, scaling SCS to get short slot duration can be used for latency reduction with respect to NR V2X. Especially the gain maybe more obvious if HARQ mechanism was introduced.
Observation 2: The benefit of higher SCS on combating Doppler effect may not be dominant for H-type DMRS structure.

3 Conclusions

In this contribution, we present our initial consideration about SCS design and DMRS structure of NR V2X.based on above analysis, some observations are concluded as following:
Observation 1: In order to better match the time-varying characteristics of high-speed channel, the density of DMRS in time domain should be increased.
Observation 2: The benefit of higher SCS on combating Doppler effect may not be dominant for H-type DMRS structure.
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Table 1. Link level simulation parameters
	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	32bits

	Occupied Resource
	2 PRB

	System bandwidth
	20MHz

	Carrier Frequency
	6GHz,

	Number of symbols for slot
	14

	AGC and GP
	Not considered

	Subcarrier spacing
	15KHz, 30KHz, 60KHz

	Modulation
	QPSK

	Channel coding
	Polar code 

	Transmission scheme
	1-port transmission diversity

	Channel estimation
	Realistic, LMMSE

	Noise estimation
	IDEAL

	Detection method
	MMSE

	Channel model
	Highway-LOS[2]

	UE relative speed
	500km/h

	Number of BS antennas
	4Tx

	Number of UE antennas
	4Rx
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