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Introduction
In the RAN1 #95 meeting, the physical layer structure for NR-V2X was discussed and the following agreements were achieved [1]:
Agreements:
· At least CP-OFDM is supported.
· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:
· Synchronization coverage enhancement
· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources
· Feedback channel coverage enhancement
· A single waveform is used in all the sidelink channels in a carrier.
· Note: A sequence based channel can be supported in any waveform.
· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.

Agreements:
· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz
· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL

Agreements:
· BWP is defined for NR sidelink.
· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· FFS the relation with Uu BWP.
· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 
· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signalling is exchanged in sidelink for activation and deactivation of SL BWP.
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
· Revisit in the next meeting if significant issues are found
· Numerology is a part of SL BWP configuration. 
Note: This does not intend to make restriction in designing the sidelink aspects related to SL BWP.
Note: This does not preclude the possibility where a NR V2X UE uses a Tx RF bandwidth the same as or different than the SL BWP.

Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.
In this contribution, we discuss the issues related to NR sidelink physical layer structures.
Numerology
CP is used to cover the length of propagation delay, multi-path delay and synchronization error. It was agreed in RAN1 #95 as follows:
Agreements:
· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz
· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL
It was also agreed that UE (either NR-UE or LTE-UE) can be the synchronization source in NR-V2X. The following figure shows the timing difference between two UEs in case one of them acting as the synchronization source.


Figure 1 Illustration of double propagation delay in case of UE acting as Sync source
As shown in the Figure 1, if a UE acting as the synchronization source, the propagation delay will be doubled. If the distance between TX and RX UE is about 300m, then the propagation delay between them is about 2us. Furthermore, considering the multi-path delay (~1us in case of CDL channel model), the CP length should be larger than 3us. If 30 kHz is used in FR1, the length of normal CP is about 2.35us, which cannot fulfill the requirement. Extended CP, which is about 8us for 30 kHz SCS, should be necessary.
Proposal 1: For 30 kHz in FR1, extended CP should be supported. 
For FR2, 60 kHz and 120 kHz SCS were agreed to be supported. The length of normal CP for 60 kHz and 120 kHz are 1.17 us and 0.59 us separately. Even in case of GNSS acting as the synchronization source, the normal CP cannot fulfill the requirement. An illustration is shown in Figure 2.


Figure 2 Illustration of potential issue in case of normal CP used for FR2
Proposal 2: For PSCCH and PSSCH in FR2, extended CP should be supported. 
It was also agreed that “Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL”. For NR-V2X communication over SL, it includes not only PSCCH/PSSCH, but also other sidelink channels, such as PSFCH and S-SSB. According to the agreement, if PSFCH and S-SSB is TX or RX at the same time as PSCCH/PSSCH, they should have the same numerology as PSCCH/PSSCH. Therefore, the combination of CP length and SCS agreed for PSCCH/PSSCH should also be applied for PSFCH and S-SSB.
Proposal 3: The combination of CP length and SCS agreed for PSCCH/PSSCH should also be applied for PSFCH and S-SSB
Waveform
It was agreed that at least CP-OFDM was supported for NR-V2X. Whether DFT-s-OFDM is supported needs FFS. The benefit of DFT-s-OFDM compared to CP-OFDM is low PAPR. The simulation results in [2, 3] show that DFT-s-OFDM has better performance in case of low MCS level. According to the requirement of NR-V2X [4], the coverage is an important requirement. For example, the maximal communication range for extended sensor use case is 1000m. DFT-s-OFDM is beneficial in this case. Furthermore, for some specific sidelink channels, such as PSBCH, the coverage should be as large as possible, DFT-s-OFDM can also be used in this case.  
Proposal 4:  DFT-s-OFDM is supported in NR-V2X.
Bandwidth part on SL
It was agreed in RAN1 #95 meeting to introduce BWP over SL for NR-V2X. The following agreement was achieved. 
Agreements:
· BWP is defined for NR sidelink.
· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· FFS the relation with Uu BWP.
· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 
· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signalling is exchanged in sidelink for activation and deactivation of SL BWP.
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
· Revisit in the next meeting if significant issues are found
· Numerology is a part of SL BWP configuration. 
Note: This does not intend to make restriction in designing the sidelink aspects related to SL BWP.
Note: This does not preclude the possibility where a NR V2X UE uses a Tx RF bandwidth the same as or different than the SL BWP.
Firstly, the working assumption can be confirmed that only one SL BWP is configured in a carrier for a RRC connected NR-V2X UE. According to the agreement, the same SL BWP is used for both TX and RX, and only one SL BWP is active in a carrier. If more than one SL BWP is configured for the UE, only the network can switch the SL BWP since no signaling is exchanged in SL for activation/deactivation of SL BWP. When the network switches SL BWP from BWP1 to BWP2, it will switch both TX and RX BWP. This UE will miss some message on SL since other UEs may not be aware of the BWP switching of this UE and still transmit SL message within BWP1. 
Proposal 5: Confirm the working assumption that only one SL BWP is configured in a carrier for a RRC connected NR-V2X UE
If NR-V2X SL is deployed on shared carrier, there will be 3 kinds of BWP: DL BWP, UL BWP, and SL BWP. We propose that the configuration of SL BWP is independent to either DL BWP or UL BWP. In Rel-15, up to 4 DL BWP and 4 UL BWP can be configured and only one DL BWP and one UL BWP activated at one time. Network can switch DL BWP or UL BWP. If the SL BWP is configured to be related to DL/UL BWP, when the DL/UL BWP is switched, the related SL BWP should also be switched. Considering the same SL BWP is used for both TX and RX. If it is switched, both TX and RX BWP is switched which may miss some SL message. 
If a UE cannot support TX/RX on separate BWP, such as transmission on SL BWP and UL BWP, at the same time because of capacity limitation, that will put limitation on network’s scheduling and configuration. For example, the network should promise that UL transmission and SL transmission is TDM so that the UE can switch TX chain between UL transmission and SL transmission. 
Proposal 6: The configuration of SL BWP is independent to DL/UL BWP if NR-V2X SL is deployed on shared carrier.
PSCCH and PSSCH multiplexing
In RAN1 #94bis, option 1A, option 1B and option 3 of multiplexing between PSCCH and PSSCH were agreed. In RAN1 #95, an working assupmtion was agreed that at least option 3 was supported for CP-OFDM and an LS was sent to RAN4 asking for the need of transient period for option 1A, option 1B and option 3. Whether the transient period is needed is related to the GP symbol design between the last symbol of PSCCH and the following symbol of PSSCH. Before receiving the response from RAN 4, we can do some further analysis of these three options. 
For option 1A and option 1B, PSCCH and its associated PSSCH are transmitted at different time. Furthermore, PSCCH and its associated PSSCH can be in the same subframe (time adjacent) or different subframe (time non-adjacent). 


Figure 3 Time adjacent or non-adjacent in option 1B
For the non-adjacent PSCCH and PSSCH, it is beneficial for short term sensing which is more preferred to support aperiodic traffic. Based on the decoding of PSCCH, a UE can determine which resource will be used by the PSCCH transmitter so that the UE can select the resource that will not be used by other UEs. The detailed analysis of short term sensing is in a companion contribution [5].
Proposal 7: Option 1B should be supported to facilitate short-term sensing. 
One concern of option 1B is that transient period may be needed. For the non-adjacent case, the transient is needed since PSCCH and PSSCH are transmitted at different time. For the adjacent case, some enhancement can be considered to cut the possible transient period. For example, PSCCH can be repeated and transmitted over multiple sub-channels such that the overall frequency size of the repeated PSCCHs and its associated PSSCH are the same. By doing so, UE Tx power used for transmitting the repeated PSCCH’s would be the same as that used for transmitting the associated PSSCH, since they both occupy the same number of NR sidelink sub-channels. Furthermore, at the receiver end, no additional receiver decoding complexity need to be added. The Rx-UE can still blindly decode PSCCH per NR sidelink sub-channel. If UE implementation chooses to, the Rx-UE can combine multiple transmitted PSCCH and attempt to blindly decode SCI which can further improve the decoding performance.
Proposal 8: An enhancement to Option 1B is to perform PSCCH repetition so that the overall transmitted control channel size is the same as the associated PSSCH when multiple sidelink sub-channels are used in the frequency domain.
In either option 1B or option 3, the resource of per PSCCH can be fixed to minimize the effort on blind decoding. For example, the number of symbols and number of PRBs per PSCCH can be fixed. This can be benefit for blind decoding of PSCCH at receiver. The resource of PSSCH can be flexible and indicated by PSCCH. For example, the number of sub-channels in frequency domain and number of symbols/slots/subframes in time domain can be indicated by its associated PSCCH. 
Proposal 9: The position and size of PSCCH in both time and frequency domain should be fixed to minimize blind decoding effort in NR-V2X.
AGC and GP symbol 
In LTE-V2X, the first symbol is mapped with data and used as AGC at receiver and the data on it cannot be used for decoding. The last symbol is mapped with data but not transmitted and used as GP symbol, which is shown in Figure 4. 


Figure 4 Frame structure of PSCCH/PSSCH in LTE-V2X
According to the agreements in RAN1 #94, the AGC and Tx/Rx switching time for FR1 are 15us and 13us separately, which is much less than the duration of an OFDM symbol (about 67us in case of 15kHz SCS). The AGC/GP symbol in NR-V2X can be re-designed to improve the resource efficiency.
Comb-like resource mapping on the first and last OFDM symbol of a sidelink channel, such as PSCCH or PSSCH can be considered. An illustration of this structure is shown in Figure 5. One out of two resource elements on the first and last OFDM symbol are mapped with data. The rest resource elements are empty on the first and last OFDM symbol. In the time domain, the signal will be repeated twice within the time duration of one OFDM symbol. Each of the repeated signal is about 33.5us in case of 15kHz SCS. For the first OFDM symbol, the first repeated signal can be used for AGC adjustment, and the second repeated signal can be used for decoding. For the last OFDM symbol, the second repeated signal will not be transmitted and used for Tx/Rx switching. 
Proposal 10: Comb-like resource mapping on the first and last OFDM symbol can be supported in NR-V2X.
Whether to use comb-like resource mapping is related to the numerology. Comb-like resource mapping is more suitable for lower SCS case. For larger SCS case, the time duration of one OFDM symbol is comparable to TX/RX switching time. In this case, comb-like resource mapping is not applicable.


Figure 5 Illustration of comb-like resource mapping on AGC and GP symbol
DMRS
If CP-OFDM is introduced in NR-V2X sidelink, front loaded DMRS structure which is standardized in Rel-15 NR Uu can be taken as the starting point for further study. If DFT-s-OFDM is also supported in NR-V2X sidelink, the DMRS structure of LTE-V2X (which is shown in figure 1) can be taken as the starting point for further study. 
NR-V2X can work in different scenarios, the DMRS design should also be flexible enough considering the trade-off between performance and resource efficiency. For example, NR-V2X should support up to maximal 500km/h relative speed. To overcome the large Doppler spread, the DMRS should be denser in time domain. While in some cases, the relative speed between transmitter and receiver is very low. For example, in case of platooning, the cluster head communicates with cluster members which have very low relative speed, the DMRS density in time domain can be lower.  If a vehicle wants to change its lane or overtake a vehicle which is in front of it, it may only need to unicast communicate with another vehicle which has the same moving direction as it, and the relative speed between them is very low. In this case, the DMRS density can also be reduced.
For FR2 which corresponding to larger SCS, the DMRS density in time domain is N times of 15kHz SCS even with the same DMRS density per slot. In this case, the DMRS density per subframe/slot can also be reduced to minimize the DMRS overhead.
Proposal 11: Flexible DMRS pattern should be supported in NR-V2X. 
CSI-RS
CSI-RS is used to estimate the channel quality. If the channel quality information can be obtained at transmitter, the transmitter can adjust transmission parameter which can improve the efficiency and reliability. For unicast communication on SL, there is only one TX and one RX and channel reciprocity can be applied. Therefore, we propose that SL CSI-RS is supported for NR-V2X.
Proposal 12: SL CSI-RS is supported for NR-V2X.
If a UE has data to be transmitted, the CSI-RS can be combined with data for transmission. It should also support that transmitting sidelink CSI-RS without data. In this case, the transmission resource of CSI-RS can be determined by either data transmitting UE (TX UE) or receiving UE (RX UE). For the latter case, RX UE needs to send SCI to indicate the transmission resource of CSI-RS. For the former case, RX UE does not need to indicate the transmission resource of CSI-RS.
Proposal 13: SL CSI-RS can be transmitted either with data or without data.
Conclusion
In this contribution, the physical layer structure and procedures of NR-V2X sidelink are discussed. The following proposals are given to summarize our view.
Proposal 1: For 30 kHz in FR1, extended CP should be supported. 
Proposal 2: For PSCCH and PSSCH in FR2, extended CP should be supported. 
Proposal 3: The combination of CP length and SCS agreed for PSCCH/PSSCH should also be applied for PSFCH and S-SSB
Proposal 4:  DFT-s-OFDM is supported in NR-V2X.
Proposal 5: Confirm the working assumption that only one SL BWP is configured in a carrier for a RRC connected NR-V2X UE
Proposal 6: The configuration of SL BWP is independent to DL/UL BWP if NR-V2X SL is deployed on shared carrier.
Proposal 7: Option 1B should be supported to facilitate short-term sensing. 
Proposal 8: An enhancement to Option 1B is to perform PSCCH repetition so that the overall transmitted control channel size is the same as the associated PSSCH when multiple sidelink sub-channels are used in the frequency domain.
Proposal 9: The position and size of PSCCH in both time and frequency domain should be fixed to minimize blind decoding effort in NR-V2X.
Proposal 10: Comb-like resource mapping on the first and last OFDM symbol can be supported in NR-V2X.
Proposal 11: Flexible DMRS pattern should be supported in NR-V2X. 
Proposal 12: SL CSI-RS is supported for NR-V2X.
Proposal 13: SL CSI-RS can be transmitted either with data or without data.
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