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Introduction
In RAN#80, the study item of study on NR V2X was created as 3GPP V2X phase 3 to support advanced V2X services. The stringent requirements of the advanced V2X services require flexible NR V2X system designs including sidelink designs and enhanced Uu designs. The objectives in sidelink designs are as follows [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

In this contribution, we focus on NR V2X sidelink design and present the initial views on NR V2X sidelink physical layer structures and procedures. 

Discussion of NR V2X sidelink physical layer structures and procedures

Waveform for sidelink
NR V2X sidelink design shall follow NR uplink with enhancements to meet V2X performance requirements. There are two waveforms, CP-OFDM and DFT-S-OFDM in NR uplink. The CP-OFDM is targeted for high throughput operation, and DFT-S-OFDM is used for coverage limited scenarios. 
From NR V2X requirements, the sidelink shall support high data rate transmission such as video sharing. CP-OFDM is suitable for these types of operation where Tx power won’t be limited by phone form factor. On another hand, low data rate and long distance transmission are also part of requirements to support use cases such as sensor data sharing. DFT-S-OFDM waveform with lower PAPR could still be useful when transmission power is limited by regulation requirements.
Therefore, we shall study both waveforms for sidelink design.
Proposal 1: Study both CP-OFDM and DFT-S-OFDM for sidelink waveform design.

Numerology for sidelink
In LTE sidelink, the subcarrier spacing is fixed to 15kHz, which determines the durations of normal CP, DFT-S-OFDM symbol (incl. CP) and sidelink TTI as 4.69us, 71.35us and 1ms, respectively. One of the resultant consequences is that it suffers severe performance degradation from high Doppler (e.g. relative 500kmph). This numerology will also lead to relatively large sidelink transmission latency, especially considering that physical layer feedback may be introduced in NR V2X to support unicast sidelink transmission. 
Fortunately, NR Rel-15 provides a framework with scalable numerologies. In particular, SCSs of 15/30/60 kHz for FR1 and 60/120 kHz for FR2 can be used for the physical layer signals and channels (except the synchronization signals and PBCH). In the framework of scalable numerology, with the increase of the SCS, the durations (of CP, OFDM symbol and TTI) will decrease accordingly. Thus, the scalable numerology framework has potential to play important role in high mobility support and latency reduction for NR V2X sidelink designs. 
However, in NR Rel-15, multi-numerology is only supported from gNB perspective. That is, gNB could configure multiple bandwidth parts (BWP) each with specific numerology parameters and activate different BWPs for different UEs. Each UE only has one active BWP at any time. Thus, simultaneous multi-numerology is not supported from UE perspective in NR Rel-15. 
For NR V2X sidelink, it may be beneficial to support simultaneous multi-numerology in UE perspective. For example, one UE makes sidelink transmission with SCS 30kHz meanwhile the UE may make Uu communication with SCS 15kHz. In another example, the UEs with high mobility and/or stringent latency requirements use SCS 30kHz for sidelink while other UEs could use SCS 15kHz for sidelink transmissions. At the same time, the UEs shall be able to receive all these sidelink transmissions with different SCSs. The simultaneous multi-numerology in UE view could be further separated into two categories: 1) capability to simultaneously receive multiple numerologies; 2) capability to simultaneously transmit multiple numerologies. The latter could be further qualified depending on the frequency separation of the multiple numerologies. 
Figure 1 shows comparison of sidelink performance with SCS 15kHz and 30kHz under high mobility of relative 500kmph at carrier frequency of 6GHz. In the simulations, the LTE V2X sidelink DMRS pattern for PSSCH is used for both SCS cases. It is observed that the link performance is largely improved with SCS 30kHz. 

Proposal 2: In RAN1 discuss the feasibility and benefits of support for simultaneous multi-numerology in UE perspective for NR V2X sidelink. 
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Figure 1: Example of high mobility sidelink performance with different SCS 

DMRS for sidelink
In LTE V2X sidelink, four DMRS symbols (#2, #5, #8 and #11) are used for PSSCH to combat the potential high mobility. For each DMRS symbol, all the subcarriers of the scheduled/selected subchannels are used to transmit the DMRS sequence which is a low-PAPR Zadoff-Chu sequence with some cyclic shift. The used DMRS sequence (root index and cyclic shift) is determined by the CRC of the corresponding PSCCH channel (i.e. in a pseudo-random manner for different UEs). 
In NR Rel-15, there are two types of DMRS configurations defined for NR PUSCH. These two types of DMRS begin with front-loaded one (or two) DMRS symbols which is optionally followed by up to three additional DMRS symbols (pairs) as per configurations. It is noted that for the type 1 DMRS configuration with PUSCH mapping type A, the four DMRS symbols (if additional DMRS configured) generally have the same positions as the LTE V2X sidelink. Motivated by this, the four DMRS symbol structure of LTE V2X sidelink with NR type 1 DMRS structure for each DMRS symbol could be a starting point for NR sidelink DMRS design. 
Additionally, in NR V2X sidelink the collision interference may become more severe considering the more diversified V2X traffic types e.g. aperiodic traffic, periodic traffic with fixed or largely varied payload sizes. In this case, the resilience of the DMRS to the potential collision interference may need to be considered in the NR V2X sidelink DMRS design. Figure 2 shows link performance in interference-limited scenario where the target transmitter and another transmitter (interferer) accidentally select the same resource for sidelink transmissions leading to collision interference at the receiver. It can be observed that orthogonal DMRS among collided UEs could largely improve the link performance especially with MMSE-IRC detection. Here non-orthogonal DMRS means that the two UEs use different root indexes of DMRS sequence while the orthogonal DMRS means the same root index used by the two UEs but with different cyclic shifts. 

Proposal 3: The four DMRS symbol structure of LTE V2X sidelink with NR type 1 DMRS structure for each DMRS symbol could be a starting point for NR sidelink DMRS design. The impact of potential collision interference may be taken into account in DMRS design. 
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Figure 2: Examples of interference-limited performance with orthogonal/non-orthogonal DMRS for collided sidelink transmissions

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]MIMO scheme
The multi-antenna transmit schemes could be utilized for NR sidelink to acquire the diversity gains and/or throughput gains. In LTE V2X sidelink Rel-15, SD-CDD could be used for PSCCH and PSSCH under different motivations. For PSCCH, it is required that the Rel-15 PSCCH shall be decodable by the legacy Rel-14 UE, thus the transparent SD-CDD becomes the final choice. For PSSCH, the non-transparent multi-antenna transmit diversity schemes is dropped due to its potential impact on the legacy UE receiving operations (e.g. MMSE-IRC detection). Hence the backward compatibility relevant issues impose large restrictions on the design of the multi-antenna transmission schemes.  
In NR V2X, it seems that the backward compatibility issues no longer exist and the transmission schemes of NR V2X sidelink could be designed and optimized from scratch under the NR framework. For NR V2X sidelink, the MIMO schemes for sidelink control channels (NR PSCCH) and sidelink data channels (NR PSSCH) could be considered separately due to their different characteristics and requirements. 
For NR PSCCH, it carries the sidelink control information (SCI) which has a relative small size in payload and is the prerequisite to detect the corresponding PSSCH. Thus, it is desired that the multi-antenna scheme for NR PSCCH can be used to improve the link reliability as much as possible (e.g. with spatial diversity gains). On the other hand, the collision interference may potentially degrade the detection performance of PSCCH. Thus, it is desired that the multi-antenna scheme for NR PSCCH can enable low complexity interference mitigation (e.g. through MMSE-IRC). 
For NR PSSCH, it carries the sidelink packet and as per the discussions in [2], the packet size may be much larger than that discussed and evaluated in LTE V2X sidelink for the advanced V2X services. Thus, multi-antenna scheme could be utilized to improve the sidelink throughput for PSSCH. In particular, the multi-antenna spatial multiplexing with multiple data layers could be used for NR PSSCH. At the same time, considering the sidelink reliability and interference mitigation capability, the maximum data layer number for NR PSSCH shall not be large, e.g., at most two layers for FR1 and four layers for FR2 may be appropriate. 
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Proposal 4: Study multi-antenna transmit schemes for NR V2X sidelink to particularly improve the link reliability for PSCCH and link throughput for PSSCH. Support of the interference mitigation shall be taken into account in the multi-antenna scheme designs. 


Beamformed access (> 6GHz)
3GPP SA1 has identified 25 use cases for advanced V2X. To support the V2X use cases that require high throughput, the use of frequencies above 6 GHz for V2X is beneficial. To overcome the severe pathloss at frequencies above 6 GHz, beamforming would be necessary. Further, out-of-coverage vehicle platoon members will rely on uncoordinated access to the sidelink channel. As existing V2X technologies, i.e., IEEE802.11p and LTE-V2X, use sub-6 GHz spectrum, the beamformed access for vehicles has not been considered in the past V2X system designs.
The problem of beamformed access in sidelink is thus needed to be studied so that beamformed broadcast/groupcast/unicast can be done in NR V2X sidelink.
Proposal 5: Study beamforming in sidelink to enable sidelink beamformed broadcast/groupcast/unicast for both out-of-coverage and in-coverage cases. 

Phase Noise and PT-RS Phase-Tracking Reference Signal
Oscillator phase noise increases with carrier frequency and causes common phase error, resulting in rotation of the constellation diagram, and inter-carrier interference. At mmWave frequencies, e.g. 30 GHz, one of the evaluation frequencies according to ‎[2], these effects are non-negligible. To compensate for the effect of phase noise, the NR physical layer design introduced the PT-RS (phase-tracking reference signal) in both the uplink and the downlink. It should therefore be investigated if PT-RS needs to be supported for the sidelink.
Proposal 6: Evaluate the need to support PT-RS for the sidelink.

For such evaluations a phase noise model is required. Several models have been proposed during the study item work in both RAN1 ‎[4] and RAN4 ‎[3].
Proposal 7: Discuss selection of phase noise model(s).



Conclusions
In this contribution we present initial views on NR V2X sidelink physical layer structure and procedures, focusing on aspects of waveforms, numerology, DMRS, MIMO, beamformed access and phase noise/PT-RS. The following proposals are provided based on the discussions.

Proposal 1: Study both CP-OFDM and DFT-S-OFDM for sidelink waveform design.
Proposal 2: In RAN1 discuss the feasibility and benefits of support for simultaneous multi-numerology in UE perspective for NR V2X sidelink.
Proposal 3: The four DMRS symbol structure of LTE V2X sidelink with NR type 1 DMRS structure for each DMRS symbol could be a starting point for NR sidelink DMRS design. The impact of potential collision interference may be taken into account in DMRS design.
Proposal 4: Study multi-antenna transmit schemes for NR V2X sidelink to particularly improve the link reliability for PSCCH and link throughput for PSSCH. Support of the interference mitigation shall be taken into account in the multi-antenna scheme designs.
[bookmark: _GoBack]Proposal 5: Study beamforming in sidelink to enable sidelink beamformed broadcast/groupcast/unicast for both out-of-coverage and in-coverage cases.
Proposal 6: Evaluate the need to support PT-RS for the sidelink.
Proposal 7: Discuss selection of phase noise model(s).
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Appendix

Table 1: Simulation conditions for Fig.1 and Fig.2

	Parameters
	Values

	Carrier frequency
	6.0GHz

	Packet size
	200 bytes

	Modulation and coding
	QPSK, LDPC with rate ~1/3 (Fig.1) and ~1/2(Fig.2). 

	Sidelink waveform
	DFT-S-OFDM

	Performance metric
	BLER vs. SNR in Fig.1 
In Fig.2, BLER vs. Signal to interference ratio (SIR) and signal to noise (SNR) is fixed to 15Db.

	Fast fading channel
	CDL-A defined in TR38.901 with parameters: CDL delay spread 100ns, AOA/AOD angle spread 50deg and ZOA/ZOD angle spread 10deg.
Dual-mobility Doppler modeling as per the definition of [2] with layout max. speed equal to the target sidelink speed. 

	Sidelink TTI structure
	Same as LTE V2X sidelink (i.e. 14 OFDM symbols)

	DMRS pattern
	Same as LTE V2X sidelink (i.e. 4 DMRS symbols #2/#5/#8/#11)

	Timing/frequency offset
	Zeros for both. Timing/frequency synchronization were made at receiver. 

	Channel estimation
	Real

	Data detection 
	MMSE-IRC per PRB
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