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1. Introduction
In RAN#80, the study item of study on NR V2X was created to support advanced V2X services [1]. In the last RAN1#95 meeting, the following agreements and working assumptions were reached [2]

Proposals:
· No consensus in supporting DFT-S-OFDM for NR SL in Rel-16
To conclude in RAN1#96

Conclusion: 
· No extended CP is supported for 30 kHz in FR1 in Rel-16
· No extended CP is supported for 120 kHz in FR2 in Rel-16
Agreements:
· Confirm the working assumption
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
Agreements:
· Configuration for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.
· FFS the time scale
· FFS relation to DL BWP including initial Uu BWP
· FFS relation in terms of frequency location and bandwidth
Agreements:
· For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs
Agreements:
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.
Agreements:
· Support PT-RS for PSSCH for FR2
Conclusion:
· RAN1 to conclude on the need of physical channel for discovery in RAN1#96.

In this contribution, we make further discussions on NR V2X sidelink physical layer structures and propose some observations and proposals. 

2. Discussion of NR V2X sidelink physical layer structures 
2.1 Waveform for sidelink
It was agreed in RAN1-95 that CP-OFDM is supported for sidelink physical channels and further study the potential benefits of DFT-S-OFDM especially in term of coverage. In the previous RAN1-AH-Jan meeting, there were a lot of discussions on whether to support DFT-S-OFDM on top of CP-OFDM for NR sidelink. For DFT-S-OFDM, the advantages in link budget due to its low PAPR/CM and the disadvantages of the increased UE complexity and specification efforts are both obvious, thus no consensus was reached in previous meeting.
In our view, considering the stringent timeline for the potential subsequent Rel-16 WI (e.g. to address 5GAA’s strong preference to have NR specifications for V2X by 2019 as part of Rel-16 [3]), the impact on the required specification efforts may be considered with higher priority. Thus, we propose to focus on the waveform of CP-OFDM in Rel-16 V2X. On the other hand, due to the property of low PAPR/CM, DFT-S-OFDM could be beneficial for FR2 operations where coverage (or transmission range) is a more important design factor. Thus, the support for DFT-S-OFDM may be introduced to V2X sidelink in future release. Motivated by this consideration, it may be beneficial to consider the future support of DFT-S-OFDM in the Rel-16 V2X sidelink design (i.e. forward compatibility is considered in Rel-16 V2X). 
Proposal 1: Support CP-OFDM as sidelink waveform in Rel-16 V2X. Support of DFT-S-OFDM could be introduced in future release. 
2.2. Numerology for sidelink
Regarding CP duration for NR V2X sidelink in FR1, it was agreed at RAN1-95 that normal CP is supported for SCS of 15kHz, 30kHz and 60kHz and extended CP is supported for SCS of 60kHz. At the previous RAN1-AH-Jan meeting it was further agreed that no extended CP is supported for 30kHz in FR1 in Rel-16. That is, for V2X sidelink in FR1 in Rel-16, normal CP is supported for all the SCSs and extended CP is supported only for SCS of 60kHz. For CP duration for NR V2X sidelink in FR2, it was agreed in previous meeting that no extended CP is supported for SCS 120kHz. The support of normal CP and extended CP for V2X sidelink in FR2 is still FFS. 
In sidelink transmissions, the CP length need to accommodate not only the multi-path channel delay spread, but also the propagation delays and the potential timing errors for different transmitters. In particular, the propagation delay difference for the simultaneous near and far transmitters impose more requirements for the CP length of the sidelink transmissions. For FR2, the normal CP for 60kHz and 120kHz correspond to CP duration of 1.2us and 0.6us, respectively, which may be suitable for scenarios with relatively short sidelink transmission range and/or small potential timing errors. For other scenarios, the extended CP for 60kHz could be used which is 4.2us in duration. 
Proposal 2: For NR V2X sidelink in FR2, normal CP is supported for 60kHz and 120kHz and extended CP is supported only for 60kHz. 
Table 1: Duration values for SCSs in FR2
	Subcarrier spacing (kHz)
	OFDM symbol duration (us)
	CP duration (us) 
	CP overhead 

	60
	16.67
	1.2 (4.2*)
	6.6% (20%*)

	120
	8.33
	0.6 
	6.6%


			                 Note: * For the extended CP. 
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2.3 Resource pools
In the previous meetings, it was agreed that resource pool is supported for NR sidelink which consists of a set of time and frequency resources that can be used for sidelink transmission and/or reception. One or multiple resource pools can be (pre)configured within the sidelink BWP. For time domain resources of a resource pool for PSSCH, it was agreed in previous meeting to support the case where the resource pool consists of non-contiguous time resources. The support of non-contiguous time resources is needed to facilitate flexible configuration of the resource pools to achieve low sidelink transmission latency (e.g. resource pool with interleaved slots with other resource pools or with the Uu slots in shared carrier). The configuration of the time domain resources could be implemented based on the bitmap signalling with granularity of e.g. slot, similar to the means used in LTE V2X sidelink. 

For frequency domain resources of a resource pool for PSSCH, two options were discussed in the previous meeting
· Option 1: the resource pool always consists of contiguous PRBs
· Option 2: the resource pool can consist of non-contiguous PRBs
For option 1 with contiguous PRBs, the resource pool could be (pre)configured with simple configuration signalling (low signalling overhead) and more importantly, it is beneficial to suppress the inband emission interference (especially the general inband emission part on both sides of the transmission bandwidth) between different sidelink transmissions as much as possible through occupying contiguous PRBs by the PSSCH. For option 2 with non-contiguous PRBs, the potential benefits include the frequency diversity gains and the utilization of potential segmented frequency resource. However, the potential issue is the increased inband emission interference e.g. it is more possible that the signal from near transmitter overwhelms the signal from far transmitter through inband emission interference. Thus, the overall benefits of option 2 over option 1 are unclear. The option 1 resource pool configuration is slightly preferred. 

Proposal 3: The resource pool for PSSCH consists of contiguous PRBs. The resource pool for PSSCH supports non-contiguous time resource e.g. based on bitmap of slots. 
2.4 Structure and multiplexing of sidelink channels
SCI formats
Sidelink control information (SCI) represents the scheduling assignment (SA) information in LTE V2X which is the necessary information to decode the data packet. As only broadcast traffic type is supported in physical layer with main support for periodic packets, only single SCI format is defined in LTE V2X (i.e. SCI format 1) which implies relatively low blind decoding complexity. 
In NR V2X, due to more diverse traffic types to be supported (unicast/groupcast/broadcast with periodic and aperiodic packets), multiple SCI formats may be needed to enable flexible and efficient sidelink transmissions. For example, at least the following SCI formats could be considered. 
· SCI-R-1: SCI for resource reservation e.g. for aperiodic traffic
SCI-R-1 could be transmitted ahead of the associated PSSCH to announce the resource reservation for the data packet. In this case, the resource reservation could be taken into account by other UEs that are performing sidelink channel sensing for resource selection. It is particularly useful for aperiodic traffic which is generally one-shot transmission. Our system level simulations showed remarkable system performance gains by using this type of SCI. In order to reduce the potential interference to others as low as possible, the less the better for the information contained in SCI-R-1. For example, SCI-R-1 could at least include the following information: priority, position of the reserved resource. 
· SCI-R-2: SCI for resource unbooking/resource reservation e.g. for periodic traffic
For the periodic traffic, the periodic packet may be absent in some periodical instances e.g. when there is no new data to transmit or is stopped by congestion control. At the same time, the UE may still want to continue the resource reservation for the next period. In this case the UE may simply transmit PSCCH conveying SCI-R-2 to explicitly indicate the resource unbooking in current period and the resource reservation for the next period. Just like SCI-R-1, SCI-R-2 shall contain as little information as possible, e.g. priority and position of the reserved resource. Note that SCI-R-1 and SCI-R-2 could have the same size and one bit may be used to differentiate the two cases. 
· SCI-D-1: SCI for data packet decoding e.g. for broadcast traffic type
This type SCI could be used as the scheduling assignment information for broadcast sidelink transmissions that has no target receiver(s) and no HARQ feedback similar to the case in LTE V2X. Hence this type SCI could have relatively small size e.g. similar to or slightly larger than the size of SCI format 1 used in LTE V2X. 
· SCI-D-2: SCI for data packet decoding e.g. for unicast/groupcast traffic type
This type SCI could be used as the scheduling assignment information for unicast/groupcast sidelink transmissions that has target receiver(s) and/or HARQ feedback. For this purpose, some new information elements need to be defined, e.g. NDI, HARQ process ID, source ID and destination ID (source/destination ID in physical layer could be part of ID for low overhead). This type of SCI has relatively large size and thus may need to occupy more physical resources by the associated PSCCH. 
PSCCH structures
As discussed above, multiple SCI formats may be needed to support various scenarios. We can observe that there are two types of SCI formats: one without associated data in the same slot (e.g. SCI-R-1/SCI-R-2) and the other type with associated data in the same slot (e.g. SCI-D-1/SCI-D-2). It is noted that different PSCCH structure of the first type SCI formats have different impact on AGC handling of the receivers, as illustrated in the following figure. In the figure, three means of placement of the PSCCH is shown: occupy all symbols within the slot, occupy the first partial symbols and occupy the partial symbols behind the first symbol. As the PSCCH transmitter may be located close to the receivers, its impact on the AGC handling at the receiver shall be considered carefully. We can expect that the first placement has no negative impact on AGC handling, the second could lead to over-estimate the received signal power, while the third placement could lead to under-estimate the received power thus cause distortions within the symbols including PSCCH. 
Observation 1: For PSCCH/SCI without associated data in the slot, some PSCCH structures could cause potential problems for the AGC handling. 
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(a)                                   (b)                                        (c)
Figure 1: illustration of structures for PSCCH/SCI without associated data in the slot
As discussed above, multiple SCI formats which have quite different message sizes may be defined to support various traffic types in NR V2X sidelink. In this case, there are two options to support/organize these multiple SCI formats:
· Option 1: multiple PSCCH format defined based on only blind decoding
· Option 2: two-stage PSCCH
In option 1, the receiver makes blind decoding to try each possible PSCCH/SCI format. In this option, the PSCCH shall be potentially decodable for all other UEs which may be used in the sidelink channel sensing and resource selection procedure. In this case, the operation of CRC scrambling by e.g. target receiver ID in unicast seems not allowed. The relatively high blind decoding complexity may be another issue. But if the number of PSCCH/SCI is not large the blind decoding complexity may be acceptable. 
For option 2, there are two alternatives, denoted by option 2a and option 2b. In option 2a, the first stage PSCCH, which has fixed position and transmission format, is just used to point to the real PSCCH i.e. the 2nd stage PSCCH which has different PSCCH/SCI size or transmission format depending on traffic type/scenario conditions. In option 2b, the SCI information (e.g. SCI-D-1/SCI-D-2) is divided into two parts which are conveyed by the two stages of PSCCH. The 1st stage could contain limited information e.g. resource allocation information of the associated PSSCH, possibly together with information of priority and DMRS of the PSSCH. The 2nd stage could contain the remaining SCI information to decode the associated PSSCH. For option 2b, the 1st stage PSCCH shall be decodable for all other UEs for purpose of channel sensing and resource selection, while for the 2nd stage PSCCH, it could be decodable only for the targeted receivers e.g. by scrambling CRC with target receiver ID. 
Proposal 4: Study how to support the multiple PSCCH/SCI formats, based on pure blind decoding or 2-stage structure.  
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Regarding the multiplexing of PSCCH and the associated PSSCH, the RAN1-95 meeting discussed and agreed that at least option 3 is supported for CP-OFDM as working assumption and FFS other options. For the multiplexing option 3 of PSCCH and PSSCH, there is some concern about the coverage of the PSCCH. As the power boosting for the PSCCH may lead to need of transient time between the symbols that include PSCCH and the symbols that don’t include PSCCH, thus the transmission coverage of the PSCCH may be a potential issue.
We performed some link simulations to make preliminary analysis of the transmission range of the PSCCH. The link simulation results are shown in Figure 2. In the simulations, it is assumed that PSCCH carries 48 information bits plus 24-bit CRC and the PSCCH occupies 3 OFDM symbols and 12 PRBs. The CDL Urban NLOS fast fading channel is used with relative speed 120kmph. the other simulation conditions are listed in the table in appendix. From the figure, we can see that close to 2dB SNR is required to achieve BLER of 0.001. Considering some practical impairments, we assume the target SNR is 3dB and make some initial link budget for the scenario of Urban NLOS (the pathloss calculation specified in 37.885 is used). The initial link budget results are shown in table 2. We can observe that the PSCCH coverage range decreases rapidly with the decrease of the power allocated to the PSCCH (which corresponds to different frequency multiplexing of PSCCH and PSSCH). 
Observation 2: The PSCCH coverage range is a potential problem with multiplexing option 3 especially in urban scenario. 
Additionally, PSCCH/PSSCH multiplexing option 3 may not be used for waveform DFT-S-OFDM, which however may be supported in FR2 to enhance the coverage. Moreover, the multiplexing option 3 has the potential issue of coverage even for FR1 as discussed above. Motivated by these considerations and observations, we prefer to keep the multiplexing option 2 as a supplementary configuration. 
Proposal 5: PSCCH/PSSCH multiplexing option 2 is supported e.g. for PSCCH range extension and/or for waveform of DFT-S-OFDM (e.g. in FR2). 
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Figure 2: Link results of PSCCH

Table 2: Link budget analysis for PSCCH range
	Transmit power for PSCCH
	23 dBm
	20 dBm
	17 dBm

	Transmission range of PSCCH
	217 m
	172 m
	136 m



PSFCH structure
PSFCH for ACK/NACK feedback should occupy 1 slot (i.e.14 OFDM symbols) in time domain and 1 PRB (or 2 PRBs) in frequency domain. This is to provide flexible FDM with PSSCHs and PSCCHs. The reason is that for sidelink communication, AGC is operated at the beginning of each channel to adjust input to ADC and receiving signal strength should remain roughly constant throughout the channel. If shorter length (e.g. mini-slot with 2 symbols) is used for control channel for ACK/NACK feedback, receiving signal strength changes in the middle of a slot, which impacts reception of other FDMed channels. In frequency domain, PSFCH(ACK/NACK feedback) should occupy 1 PRB (or 2 PRBs to get aligned with PSCCH). 
For groupcast, to increase spectral efficiency, PSFCHs for HARQ feedbacks from multiple UEs could be CDMed. NR PUCCH format 1 can be modified for this use. BPSK modulation is used and modulated symbol is spread with a Zadoff-Chu sequence (cyclic shifted) with OCC (orthogonal cover code) in time domain. 
[bookmark: _Hlk534985359]Proposal 6: PSFCH for ACK/NACK feedback should occupy 1 slot in time domain and 1 PRB (or 2 PRBs) in frequency domain, to provide flexible FDM with PSSCHs and PSCCHs.
[bookmark: _Hlk534984242]Proposal 7: For groupcast, consider PSFCHs for HARQ feedbacks from multiple UEs CDMed for high spectral efficiency.
2.5 Considerations for reference signal design 
The reference signal for NR V2X sidelink was discussed in the previous meeting and it was agreed that for PSSCH DMRS, multiple DMRS patterns in time domain are supported and continue to study DMRS pattern in frequency domain. Based on these agreements, we made some further discussions on the DMRS for PSSCH with the details included in another Tdoc [4], which provided the following observations and proposals. 
Observation 3: In case of interference-limited scenarios, orthogonal DMRS patterns used by the colliding UEs can greatly improve the capability for interference suppression.
Observation 4: Aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.

Proposal 8: Support of single or multiple DMRS time patterns per resource pool could be considered. 
Proposal 9: TX UE indicates the used DMRS time pattern for PSSCH to the RX UE through PSCCH/SCI.
Proposal 10: For PSSCH DMRS pattern in frequency domain, Rel-15 NR Uu type-1 DMRS configuration could be used.
Proposal 11: Support multiple orthogonal DMRS patterns in frequency to suppress the potential colliding interference.
Proposal 12: Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.
2.6 Channel coding in sidelink control channel
Polar code variants are used for eMBB control channels. Specifically, the downlink control channel polar scheme has a unified design which covers a wide range of payload sizes. Meanwhile, it has exceptional coding performance for blocks of small sizes, which is suitable for the control information transmitted in sidelinks. Thus, we propose the consideration of leveraging the current DL eMBB control channel coding design for sidelink control channels.
The following diagrams shows its coding performance for two cases, K = 48 and 64, with different coding rates.
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(a) # info. Bits = 48
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(b) # info. Bits = 64
Figure 3. Performance of DL eMBB control channel codes

Proposal 13: The channel coding scheme of NR eMBB downlink control channels can be considered for sidelink control channels as well.
2.7 On the need of physical discovery channel
As per the discussions in previous meeting, RAN1 is to conclude on the need of physical channel for discovery in this meeting. In our view, the mechanisms for discovery can probably be left to higher layers. While the LTE sidelink includes a discovery mechanism, using the PSDCH Physical Sidelink Discovery Channel, such a mechanism may not be needed for V2X, and has in fact not been used for the LTE sidelink-based V2X. The reason that access layer discovery procedures are not needed for V2X is the following: As specified by the SDOs for higher layer aspects (ETSI TC ITS, SAE) all the vehicles anyway send periodic CAM/BSM broadcast messages, hence advertising their presence and making their identity (including ProSe UE ID), position etc known to all other stations within range. Likewise, roadside units send periodic "service announcement" broadcast messages, advertising their presence and services they offer. If there is a requirement for more rapid service discovery, then those higher layer SDOs could define a "service solicitation" broadcast message.

Proposal 14: There seems to be no need to specify physical discovery channel.
3. Conclusions
In this contribution we made further discussions on NR V2X sidelink physical layer structure. Based on the discussions, the following proposals and observations are provided. 

Observation 1: For PSCCH/SCI without associated data in the slot, some PSCCH structures could cause potential problems for the AGC handling.
Observation 2: The PSCCH coverage range is a potential problem with multiplexing option 3 especially in urban scenario.
Observation 3: In case of interference-limited scenarios, orthogonal DMRS patterns used by the colliding UEs can greatly improve the capability for interference suppression.
Observation 4: Aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.

Proposal 1: Support CP-OFDM as sidelink waveform in Rel-16 V2X. Support of DFT-S-OFDM could be introduced in future release.
Proposal 2: For NR V2X sidelink in FR2, normal CP is supported for 60kHz and 120kHz and extended CP is supported only for 60kHz.
Proposal 3: The resource pool for PSSCH consists of contiguous PRBs. The resource pool for PSSCH supports non-contiguous time resource e.g. based on bitmap of slots.
Proposal 4: Study how to support the multiple PSCCH/SCI formats, based on pure blind decoding or 2-stage structure.
Proposal 5: PSCCH/PSSCH multiplexing option 2 is supported e.g. for PSCCH range extension and/or for waveform of DFT-S-OFDM (e.g. in FR2).
Proposal 6: PSFCH for ACK/NACK feedback should occupy 1 slot in time domain and 1 PRB (or 2 PRBs) in frequency domain, to provide flexible FDM with PSSCHs and PSCCHs.
Proposal 7: For groupcast, consider PSFCHs for HARQ feedbacks from multiple UEs CDMed for high spectral efficiency.
Proposal 8: Support of single or multiple DMRS time patterns per resource pool could be considered. 
Proposal 9: TX UE indicates the used DMRS time pattern for PSSCH to the RX UE through PSCCH/SCI.
Proposal 10: For PSSCH DMRS pattern in frequency domain, Rel-15 NR Uu type-1 DMRS configuration could be used.
Proposal 11: Support multiple orthogonal DMRS patterns in frequency to suppress the potential colliding interference.
Proposal 12: Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.
Proposal 13: The channel coding scheme of NR eMBB downlink control channels can be considered for sidelink control channels as well.
Proposal 14: There seems to be no need to specify physical discovery channel.
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Appendix

Table A: Simulation conditions for PSCCH results of Fig. 2

	Parameters
	Values

	Carrier frequency
	6.0GHz

	Packet size
	48 bits + 24-bit CRC

	Modulation and coding
	QPSK, Polar coding (NR DL)

	Resources
	12 PRBs over 3 OFDM symbols

	Antenna setting
	1TX/4RX
Cross-polarized antennas

	Sidelink waveform and SCS
	OFDM, 15kHz

	Fast fading channel
	CDL Urban NLOS channel
Relative velocity: 120kmph

	Sidelink TTI structure
	Slot (i.e. 14 OFDM symbols)

	DMRS pattern
	4 DMRS REs evenly distributed per PRB in each OFDM symbol

	Timing/frequency offset
	Ideal

	Channel estimation
	Real
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