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Introduction
In RAN #80 meeting, the new study item of NR V2X [1] was approved with the following objectives related to NR Sidelink physical layer structures and procedures:
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


This contribution discusses the physical layer design of NR V2X Sidelink, including physical layer structure and procedures. Section 2 discusses the details of physical layer design and gives a few proposals. Section 3 summarized the proposals and gives a conclusion.

Discussion
This section discusses the details of physical layer design and gives a few proposals. Section 2.1 discusses physical layer structure of NR V2X sidelink. Section 2.2 discusses physical layer procedures of NR V2X sidelink. 

1.1. Discussion on Physical layer Structure of NR V2X Sidelink
2.1.1   Waveform
NR supports two kinds of waveform for uplink transmission, including DFT-s-OFDM and CP-OFDM.  CP-OFDM can support flexible resource allocation mechanism with the capability of multiplexing data and DMRS in the same OFDM symbol, and has higher spectrum efficiency, comparing to those by using DFT-s-OFDM. The drawbacks of CP-OFDM focus on higher PAPR and reduced coverage area.   DFT-s-OFDM has lower PAPR and higher coverage area comparing to those by using CP-OFDM.  The drawbacks of DFT-s-OFDM are the restrictions in terms of multiplexing of data and DMRS in the same OFDM symbol and scheduling flexibility, and lower spectrum efficiency. 
NR supports the dynamic switching between DFT-s-OFDM and CP-OFDM.   It is also beneficial to dynamically adapt the waveform for different scenarios for NR V2X Sidelink.   In the phase of initial access for NR V2X Sidelink, DFT-s-OFDM should be used to extend the coverage of synchronization signals and broadcast signals. CP-OFDM can be used for capacity-limited scenarios in unicast and groupcast communications to achieve high spectrum efficiency. The issue of high PAPR of CP-OFDM is not a serious problem for short range V2X communication.
Proposal 1: During the initial access, DFT-s-OFDM should be used to extend the V2X coverage area. 
Proposal 2: The waveform of sidelink can be switched into CP-OFDM for capacity-limited scenario in V2X unicast and groupcast communications. 

2.1.2   Numerology
NR introduces flexible numerology, whose subcarrier spacing (SCS) can be 15 KHz/30 KHz/60 KHz/120 KHz [2], according to frequency band.  Larger SCS implies the shorter OFDM symbol duration and faster processing speed. Thus, the time delay sensitive services could be supported by larger SCS. 
NR V2X sidelink should take advantage of flexible numerology with the SCS adaptation to the V2X use cases.  During the initial access, the default SCS should be used for synchronization signals and broadcast signals. After UE connected to the network, SCS can be adapted to the data transmission, according to carrier frequency and application scenario.
In Rel-14 LTE V2X, only normal CP is applied to sidelink, as the V2X communication range is 300 meters and normal CP can satisfy the requirement. For NR V2X, extended CP need to be investigated to verify whether need to be introduced to support full V2X capability with different service types.  .
Proposal 3: NR sidelink should take advantage of flexible numerology of the NR. During the initial access, the default SCS will be used. After UE connected to the network, SCS can be adapted to the data transmission. 
Proposal 4: Normal CP should be used as the short-range communication. Extended CP needs to be investigated to verify whether need to be introduced into NR V2X for different service types.

2.1.3   AGC&GP
In V2X communication, the dynamic range of received signal power would vary due to different distances among UEs. AGC plays an important role to adjust the received signal power which would be the input to the A/D converter and reduce the deviation of quantization of the A/D converter samples when analog signal is converted to digital signal. Therefore, a period in the beginning of the slot is created to allow the AGC processing and the duration is determined by the required time of AGC measurement and adjustment. 
In Rel-14 LTE V2X, the first OFDM symbol of one subframe is used for AGC measurement and adjustment.  For NR V2X, since larger SCS is introduced, one OFDM symbol length becomes shorter and may not be long enough to finish the AGC measurement and adjustment. Therefore, the AGC processing time for different numerologies should be studied further to determine the number of OFDM symbols for AGC under new SCS condition.
In addition to AGC, GP is also introduced in R14 LTE V2X to resolve the Rx/Tx transition and time misalignment. The last OFDM symbol of one subframe is used for GP in Rel-14 LTE V2X. Similarly, for NR V2X, larger SCS lead to shorter OFDM symbol duration. The digital signal and AGC processing capability needs to speed up for larger SCS.  It is critical to investigate the AGC processing time and verify whether the processing speed would increase in proportion to the increase of the SCS. 
Proposal 5: It is critical to investigate the AGC processing time and verify whether the processing speed would increase in proportion to the increase of the SCS. 

2.1.4   DMRS
NR DMRS for data channel (PDSCH/PUSCH) includes front-loaded DMRS and additional DMRS [3]. Front-loaded DMRS are designed to the beginning of PDSCH/PUSCH data symbols, in order to reduce the latency of demodulation and decoding. Front-loaded DMRS at most can occupy two consecutive OFDM symbols. For low mobility scenario, front-loaded DMRS can have sufficient performance of channel estimation for data demodulation with low overhead. Since NR should support high speed up 500 kmph, additional DMRS is introduced to support medium and high Doppler scenarios. The additional DMRS is the duplication of front-loaded DMRS, and three sets of additional DMRS can be configured, according to the requirements of different application scenarios.
The typical application scenario of NR V2X would be from low to high mobility case with relative speed up to 500 kmph. In this case, both front-loaded DMRS and additional DMRS should be configured to satisfy the requirement of accurate channel estimation. 
In Rel-14 LTE V2X, 4 columns DMRS is configured in one subframe for PSCCH and PSSCH, as shown in the following figure 1. The 4 columns DMRS pattern is the same with the mapping type A of NR front-loaded DMRS and three sets of additional DMRS with one OFDM symbol, which DMRS columns also occupy the OFDM symbol #2, #5, #8, #11. Whether such configuration can satisfy the channel estimation requirements of NR V2X, especially for FR2 scenario, in which carrier frequency can be 52GHz, need to be further investigated and evaluated. 
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Figure 1 DMRS pattern for Rel-14 LTE V2X sidelink PSCCH and PSSCH
Proposal 6: Further investigation and evaluation are needed to determine whether 4 columns of DMRS configuration is enough for channel estimation requirements of NR V2X.

2.1.5   Scrambling
NR V2X sidelink will support unicast and groupcast communication. For the UEs in the cell edge, co-channel inter-cell interference from other UE’s UL transmission will degrade the performance of sidelink reception at nearby UEs. Therefore, scrambling of sidelink channel could mitigate some co-channel interference for physical sidelink control and data channels.  
Proposal 7: Scrambling should be considered for physical control and data channels in unicast and groupcast communication for interference mitigation.

2.1.6   Physical channel types
In Rel-14 LTE V2X sidelink, there are several physical channel types, including PSSCH for Sidelink data transmission, PSCCH for Sidelink Control information transmission and PSBCH for Sidelink broadcast information transmission. For NR V2X sidelink, in order to support unicast/groupcast discovery, connection and communication, it should be studied whether new types of physical channels are needed to be introduced. 
Proposal 8: It should be studied whether new types of physical channels are needed to be introduced into NR V2X sidelink.

2.1.7   Mini-slot transmission
In order to support URLLC scenario, NR frame structure includes the mini-slot to reduce the transmission latency. Mini-slot contains one to several OFDM symbols, and it can start the data transmission from any OFDM symbols within a slot. Mini-slot transmission is very flexible and can satisfy some V2X applications, which need to support low latency, such as Remote Driving [1]. Remote Driving enables a remote driver or a V2X application to operate a remote vehicle for those passengers who cannot drive by themselves or remote vehicles located in dangerous environments.  High reliability and low latency are the main requirements.
Proposal 9: Mini-slot frame structure should be studied in NR V2X to reduce latency for V2X applications with low latency requirements.

1.2. Discussion on Physical layer Procedure of NR V2X Sidelink
2.2.1   Transmission scheme
Rel-15 LTE V2X had introduced small delay CDD scheme for sidelink PSCCH and PSSCH transmission.  Small delay CDD scheme is one kind of transparent TxD scheme and can only provide limited gain on the data rate performance. 
NR V2X will support unicast and groupcast communications and some V2X application scenarios need to support high data rate, such as the use case group of Extended Sensors [1]. Extended Sensors enables the exchange of raw or processed data gathered through local sensors or live video images among vehicles, road site units, devices of pedestrian and V2X application servers. High data rate is one of the key characteristics of this use case group. In order to support high data rate in such use case, other candidate MIMO schemes, such as non-transparent TxD scheme and  Spatial Multiplexing scheme, could be investigated and evaluated .
Another important MIMO technique in NR system is beamforming. Beamforming with dynamic beam measurement would extend the coverage area, in particular for high carrier band in FR2. In consideration of both the transmitter and receiver of sidelink communication are on high mobility, which will affect the accuracy of beamforming direction, further investigation should be done to determine whether beamforming should be introduced into NR V2X sidelink.
Proposal 10: MIMO schemes, such as non-transparent TxD scheme and Spatial Multiplexing scheme, should be investigated and evaluated for NR V2X.
Proposal 11: Further investigation should be done to determine whether beamforming should be introduced into NR V2X sidelink.

2.2.2   CSI measurement and feedback
NR supports CSI measurements from CSI-RS/SSB/SRS.  Two types of CSI feedback are specified for spatial information feedback in NR. Type I CSI feedback focuses on basic spatial information and it contains codebook-based PMI feedback with normal spatial resolution. Type II CSI feedback focuses on enhanced spatial information and it bases on linear combination codebook with higher spatial resolution. In addition, NR supports the CSI measurement and feedback related to beam management, such as CRI/SSBRI/L1-RSRP.
Proposal 12: Potential CSI measurement and feedback enhancement should be investigated in order to support the possible introduction of new MIMO schemes, CA schemes and beam management.

2.2.3   Power control
As the unicast and groupcast communications will be introduced into NR V2X, the interference issue needs to be evaluated for NR V2X, Power control of physical sidelink control and data channels becomes critical, in order to reduce the co-channel interference. 
There are two scenarios for the analysis of interference conditions. The first scenario is that NR V2X sidelink uses the different frequency band with NR Uu interface, and the second scenario is that NR V2X sidelink uses the same frequency band as NR Uu interface. For the first scenario, the interference on the sidelink comes from NR V2X sidelink transmission of neighboring cells. And no interference comes from NR Uu transmission of neighboring cells, due to NR V2X sidelink and NR Uu interface use different frequency band. For the second scenario, the interference on sidelink comes from both NR V2X sidelink transmission and NR Uu transmission of neighboring cells.
For both of the two scenarios, power control of physical sidelink control and data channels need to be investigate for interference mitigation.
Proposal 13: Power control should be investigated for unicast or groupcast communication for interference mitigation.

Conclusion
In this contribution, we discuss the physical layer structure and procedures for NR V2X sidelink, and give the following proposals:
Proposal 1: During the initial access, DFT-s-OFDM should be used to extend the V2X coverage area. 
Proposal 2: The waveform of sidelink can be switched into CP-OFDM for capacity-limited scenario in V2X unicast and groupcast communications. 
Proposal 3: NR sidelink should take advantage of flexible numerology of the NR. During the initial access, the default SCS will be used. After UE connected to the network, SCS can be adapted to the data transmission. 
Proposal 4: Normal CP should be used as the short-range communication. Extended CP needs to be investigated to verify whether need to be introduced into NR V2X for different service types.
Proposal 5: It is critical to investigate the AGC processing time and verify whether the processing speed would increase in proportion to the increase of the SCS. 
Proposal 6: Further investigation and evaluation are needed to determine whether 4 columns of DMRS configuration is enough for channel estimation requirements of NR V2X.
Proposal 7: Scrambling should be considered for physical control and data channels in unicast and groupcast communication for interference mitigation.
Proposal 8: It should be studied whether new types of physical channels are needed to be introduced into NR V2X sidelink.
Proposal 9: Mini-slot frame structure should be studied in NR V2X to reduce latency for V2X applications with low latency requirements.
Proposal 10: MIMO schemes, such as non-transparent TxD scheme and Spatial Multiplexing scheme, should be investigated and evaluated for NR V2X.
Proposal 11: Further investigation should be done to determine whether beamforming should be introduced into NR V2X sidelink.
Proposal 12: Potential CSI measurement and feedback enhancement should be investigated in order to support the possible introduction of new MIMO schemes, CA schemes and beam management.
Proposal 13: Power control should be investigated for unicast or groupcast communication for interference mitigation.
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