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Introduction
[bookmark: _Hlk528874692]NR V2X sidelink physical layer structures have been discussed in RAN1 meeting #94 [1], RAN1 meeting #94b [2] and RAN1 meeting #95 [3]. In RAN1 meeting #95 [3], the following agreements have been made: 
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 provide our views on multiple aspects of physical layer structures design, including waveform, RS design, numerology, PSCCH and associated PSSCH multiplexing, resource pool, and wide band operations. We also provide detailed descriptions on 2-stage SCI.
Discussion
[bookmark: _Ref525647110]NR sidelink waveform
In 3GPP NR Release 15, CP-OFDM is adopted for both DL and UL for high throughput while DFT-s-OFDM is also supported for UL for link-budget limited scenarios. In RAN1 meeting #95 [3], it was agreed that at least CP-OFDM is supported for NR V2X sidelink and continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit. The DFT-s-OFDM waveform has the advantage of low peak-to-average-power ratio (PAPR), which is more power efficient and beneficial for coverage enhancement. For example, synchronization channel coverage can be enhanced using DFT-S-OFDM waveform. For Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources, PSCCH coverage can also be enhanced due to low PAPR. In [4], we provide link level evaluation results to show the performance advantage of DFT-s-OFDM over CP-OFDM. On the other hand, the CP-OFDM waveform has the advantages of flexible scheduling and support of spatial multiplexing. Based on their respective features, DFT-s-OFDM and CP-OFDM could be used in different conditions. Since it was agreed that a single waveform is used in all the sidelink channels in a carrier, (pre-)configuration can be used to determine the used waveform if both waveforms are supported.
Proposal 1: The NR sidelink waveform should support DFT-S-OFDM.  

NR sidelink CP length
It was agreed [3] that for PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz. This numerology setting is aligned with NR Uu link. The setting of subcarrier spacing of 15 kHz with normal CP, or subcarrier spacing of 60 kHz with extended CP enables the sidelink communication range larger than 1000 meters. The maximum coverage resulting from subcarrier spacing of 30 kHz with normal CP is 703 meters. The minimum required communication range in majority of NR V2X use cases is less than 500 meters, with a couple of exceptions in extended sensors use cases [5]. Hence, we think it is not worth to support the extended CP for 30 kHz in NR sidelink. In case the specific use cases which requires communication ranges larger than 703 meters, we could apply subcarrier spacing of 15 kHz with normal CP or subcarrier spacing of 60 kHz with extended CP. The similar rule could be applied for FR2. In other words, the extended CP for 120 KHz is not supported in FR2.
Proposal 2: Extended CP for 30 kHz in FR1 and extended CP for 120 kHz in FR2 are not supported. 

NR sidelink DMRS design
NR V2X is expected to support numerous use cases with different throughput, latency and reliability requirements. To meet these target requirements, different DMRS patterns with varying density may be suitable for different scenarios. For example, since more accurate channel estimations is needed for high reliability, DMRS with higher density may be used. The density of DM-RS may also be adaptively decided based on the relative UE speed and the MCS level. 
In [6], we provide link level evaluation results to study the impact of time domain DMRS density and certain transmission parameters (specifically SCS, UE speed, and MCS) on the BLER performance. The reported results show that the DMRS overhead may be optimized without performance degradation by using adaptive DMRS patterns based on the transmission parameters and data QoS requirements such as latency, reliability and priority. Semi-static configuration of the reference signal pattern may not be suitable for such dynamic scenarios as required to be supported in NR V2X. Therefore, it may be desirable to study dynamic adaptation of the flexible DMRS patterns for different scenarios.
[bookmark: _Hlk534964186]Proposal 3: NR V2X sidelink should study flexible DMRS patterns and dynamic adaptation.

It was agreed in RAN1 meeting #95 [3] that at least CP-OFDM is supported in V2X sidelink while DFT-s-OFDM needs to be further studied. According to the simulation results in [6] that incorporate the impact of a nonlinear power amplifier, DFT-s-OFDM may bring up to 3 dB gain with high transmit power, resulting in enhanced coverage. DMRS design for V2X sidelink should be studied in case DFT-s-OFDM is supported. The NR design for DFT-s-OFDM DMRS could be a starting point for NR V2X sidelink, with possible optimization on the tradeoff between performance and overhead.
Proposal 4: DMRS design for DFT-s-OFDM should be studied if DFT-s-OFDM is supported for NR V2X.

NR V2X supports operation in a high-speed scenario (e.g. up to 500 km/h relative speed). At very high speeds, the channel may change significantly from one OFDM symbol to the next one, therefore it may be necessary to increase the density of reference symbols in time domain to enable more accurate channel estimation. Reference symbols may be placed in each OFDM symbol and multiplexed with data such that an acceptable DMRS overhead is maintained. The large Doppler due to high UE speeds in NR V2X may result in large ICI among subcarriers. ICI may be mitigated with more advanced receivers than the conventional one-tap equalizer if reliable channel estimation is available. To improve the robustness of channel estimation, special DMRS patterns may be required. For example, the neighboring subcarriers of a pilot symbol may have zero or low power. Since the contribution of ICI on a subcarrier is a function of the distance between the subcarrier and the ICI source, such a pattern would allow more reliable channel estimation. When DFT-s-OFDM is used, pre-DFT DMRS may be used to increase the time domain density.
Proposal 5: Robust DMRS design with increased time domain density for high Doppler scenarios should be studied.

[bookmark: _Ref525650173][bookmark: _Ref525647335]Multiplexing of PSCCH and PSSCH
Two physical channels, PSCCH and PSSCH, have been agreed for NR V2X, where PSCCH at least carries information necessary to decode PSSCH. Four options for multiplexing of PSCCH and the associated PSSCH have been identified for further study, where it was agreed [3] that at least Option 3 is supported for CP-OFDM.  
Option 1A has a signaling benefit, since the frequency resources of PSSCH do not need to be specified in SCI. In Option 1A, the frequency resources for PSSCH are aligned with those of PSCCH, which are flexible. Hence, the PSCCH blind decoding complexity is increased. 
Option 1B allows fixed frequency resources for PSCCH, which may result in wasted resource elements in the control symbols. This resource waste could be large when PSSCH occupies a large amount of frequency resources. Also, the transmit power of PSCCH could be fixed due to fixed frequency resources, which could be quite different from the transmit power of PSSCH depending on its occupied frequency resources. Hence, significant power transient may occur between the last PSCCH symbol and the first PSSCH symbol in case of a large power imbalance between PSCCH/PSSCH. The power transient may take some time and may result in additional guard symbol. 
Among all TDM options including Option 1A, Option 1B and Option 3, Option 3 provides the highest utilization efficiency. 
Option 2 uses the FDM multiplexed PSCCH and PSSCH, inherited from the LTE V2X design. This scheme provides a common sensing procedure for control and data channel transmissions, as well as provides sufficient control channel capacity. One disadvantage is that PSCCH decoding has to start at the end of a slot, delaying control channel processing. This option has a signaling benefit since the time resources for PSSCH do not need to be specified in SCI. It is suitable for NR V2X services with relaxed latency requirements. Option 2 provides high coverage and reliability of PSCCH. When it operates with DFT-s-OFDM, PSCCH coverage can be enhanced due to low PAPR. 
Based on the above analysis, we have the following proposal. 
Proposal 6: Support Option 3 for PSCCH and PSSCH multiplexing for low latency V2X SL communications; Support Option 2 for PSCCH and PSSCH multiplexing for relaxed latency V2X SL communications. 

2-stage SCI for NR V2X
Unlike LTE V2X which only supports sidelink broadcast, the NR V2X supports sidelink broadcast, groupcast and unicast. The sidelink control information for groupcast and unicast is different from the sidelink control information for broadcast. For example, to support HARQ combining in sidelink unicast or groupcast, the HARQ process number, new data indicator, redundancy version should be contained in SCI. This set of information does not have to be contained in the SCI associated with sidelink broadcast. Other potential SCI fields, e.g., source ID, needed for sidelink unicast or groupcast only are discussed in our companion contribution [7]. In general, it is expected that less sidelink control information is needed for sidelink broadcast than for sidelink unicast or groupcast. 
If a unified SCI format is used for sidelink broadcast, groupcast and unicast, then the sidelink broadcast does not take advantage of the potential coding gain, and hence the SCI transmission has reduced reliability. 
Alternatively, multiple SCI formats may be designed for different traffic types. However, this increases the SCI decoding complexity. The SCI decoding complexity is further increased, in case multiple aggregation levels for PSCCH are supported for reliable SCI transmission under various channel conditions.
The contents of SCI for sidelink unicast or groupcast could be categorized to two parts or two statges. The SCI part 1 (or SCI stage 1) contains information which needs to be broadcast. The resource reservation related information needs to be learned by all the UEs in order to avoid collisions, and hence it belongs to SCI part 1. The SCI part 2 (or SCI stage 1) contains information which needs to be received only by targeted UEs. Since the information related to unicast or groupcast sidelink PSSCH decoding (e.g., HARQ process number, new data indicator, redundancy version, source ID, etc) is only usable to targeted UEs, it belongs to SCI part 2. Due to the unicast or groupcast feature of SCI part 2, the destination ID of sidelink unicast or groupcast could be used to mask the CRC of SCI part 2. The convey of the destination ID via CRC scrambling could save the total information size of SCI, achieving the coding gain for more reliable SCI transmission. Furthermore, the SCI CRC scrambling by destination ID enhances the privacy of sidelink unicast or groupcast. The destination ID could also be used to generate a sequence to scramble the rate matched bits of SCI part 2 to explore the early termination property of polar decoding.
When the SCI for sidelink unicast or groupcast is sent over sidelink, a UE not involved in any sidelink unicast or groupcast only decodes the SCI part 1. It does not need to decode the SCI part 2. This could reduce its SCI decoding complexity and latency. If a UE is involved in a sidelink unicast or groupcast, but with a different destination ID from one associated with the current SCI transmission, then it can decode the SCI part 1. However, due to different destination ID, this UE could not decode SCI part 2 either. The early termination property of polar decoding reduces its SCI part 2 decoding complexity and latency. 
The separation of SCI into two parts implies that the payload size of SCI part 1 is less than that of original SCI. The coding gain resulting from the payload size reduction increases the reliability of SCI part 1 transmissions which benefits to not only broadcast, but also unicast and groupcast.
Considering the above benefits of 2-stage SCI, we have the following proposal:
Proposal 7: NR V2X should study 2-stage SCI for NR V2X.

[bookmark: _Ref525650182]NR sidelink resource pool 
It was agreed in [2] that resource pool is supported for NR sidelink. Like in LTE V2X, resource pool is composed of a set of time and frequency resources for sidelink transmission and/or reception. 
One open question is whether a resource pool consists of contiguous resources in time and/or frequency. We think a NR resource pool could consist of contiguous resources in frequency. This could simplify the configuration of resource pool. The resources in a resource pool may not be contiguous in time. This is useful to define a resource pool in the case of shared carrier between Uu and NR sidelink. Like LTE V2X, a bitmap could be used to indicate the resources in time for a resource pool. The number of slots in an NR radio frame may depend on sub-carrier spacing and slot formats. If slot-based resource is defined for a resource pool, then the bitmap to indicate the time resources in a resource pool may have variable lengths. 
As NR V2X communication scenarios impose more stringent latency requirements, it is essential to enable more refined granularity of the SL time resource pool by e.g. supporting symbol-based resource pool. NR Uu time resource can be a slot including all DL symbols, all UL symbols, all Flexible symbols or a combination of these types of symbols. The type of symbols is indicated in a slot format configuration carried in cell-specific SIB, UE-specific RRC signaling and/or GC-PDCCH. The configuration provides NR Uu with flexibility to support a range of different requirements, however this symbol-level flexibility in configuration may reduce the NR SL channel access when SL resource pool is slot-based. For example, a slot-based SL time resource determination may not include a NR slot including both DL and UL symbols, or both DL, flexible and UL symbols, which leads to sub-optimal resource utilization. Hence, a symbol-based NR SL resource pool matching the granularity of NR slot format configuration will improve resource utilization efficiency and allow NR Uu and SL multiplexing at symbol level.  
Proposal 8: NR V2X sidelink supports that resource pool consists of contiguous resources in frequency and non-contiguous resources in time. 
Proposal 9: Both slot-based and symbol-based resource pool should be supported for NR V2X sidelink.

NR sidelink wide band operation
In LTE V2X, transmission packet sizes vary between 50-300 bytes for periodic traffic and up to 1200 bytes for event-triggered traffic. NR V2X supports a range of different traffic patterns yet with significantly larger packet sizes and lower latencies in advanced used cases, e.g. a packet size between 30000 and 60000 bytes with a latency requirement of 30 ms [8]. Thus, to deliver both the high capacity and low latency required for NR V2X transmission, NR V2X operation should be able to exploit more frequency resources, e.g. by supporting carrier aggregation as in LTE V2X, especially for lower NR V2X frequency bands with small carrier bandwidths. NR sidelink carrier aggregation support may be based on UE capability. BWP was defined for NR sidelink in last RAN1 meeting #95 [3]. Given the current working assumption that only one SL BWP is configured in a carrier for a NR V2X UE, the same BWP configuration cross-carrier may be applied for simplicity and also beneficial to cross-carrier scheduling if carrier aggregation is supported for NR sidelink. 
Proposal 10: The NR sidelink should support carrier aggregation. 
 
Conclusion
In this contribution, we provide our views on multiple aspects of physical layer structures design. Our proposals are as follows: 
Proposal 1: The NR sidelink waveform should support DFT-S-OFDM.  
Proposal 2: Extended CP for 30 kHz in FR1 and extended CP for 120 kHz in FR2 are not supported. 
Proposal 3: NR V2X should study robust DMRS design with increased time domain density for high doppler scenarios.
Proposal 4: NR V2X should study flexible DMRS patterns and procedure for dynamic scenarios.
Proposal 5: DMRS design for DFT-s-OFDM should be studied if DFT-s-OFDM is supported for NR V2X.
Proposal 6: Support Option 3 for PSCCH and PSSCH multiplexing for low latency V2X SL communications; Support Option 2 for PSCCH and PSSCH multiplexing for relaxed latency V2X SL communications. 
Proposal 7: NR V2X should study 2-stage SCI for NR V2X.
Proposal 8: Resource pool consists of contiguous resources in frequency and non-contiguous resources in time. 
Proposal 9: NR V2X sidelink supports both slot-based and symbol-based resource pools.
Proposal 10: The NR sidelink should support carrier aggregation. 
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