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Introduction
In RAN1#94, general agreements on Sidelink(SL) physical layer design were made for further discussion [1]. In this paper, we discuss SL physical layer features, which are covered by this agenda, one by one based on the agreements.
Discussion
Slot structure
	Agreements:
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier
Agreements:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication


According to the above agreements made in RAN1#94, NR Uu licensed band can be shared with NR SL. Subsequently, SL transmission or reception part per slot should be defined or configured in order to avoid interference to Uu irrespectively of scheduling/resource allocation modes, i.e., NR Mode 1 or Mode 2. For NR Uu, TDD slot consisting of ‘DL’, ‘UL’ and ‘F’ parts are supported. Similar structure can be supported for multiplexing of Uu and SL. We think introduction of ‘SL’ part needs to be studied and expanding the existing slot structure for Uu would be baseline, e.g., to override ‘F’ and/or ‘UL’ by ‘SL’. Examples are shown in Fig.1. For NR Mode 1, SL scheduling information is signalled on DCI, therefore, DL part is supported and meanwhile UL part can be contained for feedback signalling transmission. For NR Mode2, SL scheduling/resource allocation information is signalled on SCI, hence DL part is not needed. Whether guard period is needed at the beginning/end of SL part should also be studied, e.g., for AGC training or transient period.
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Fig.1 TDD slot structures
Proposal 1: Support TDD slot structure consisting of SL and Uu, sharing some part of resources(s), so that SL can accommodate in case of Uu licensed band operation
SCS/BWP
	Agreements:
· RAN1 to continue study on the physical channel considering at least the following aspects:
…
· Subcarrier spacing
· Candidates for further study are: 
· FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
· FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz
· Companies are encouraged to consider the potential issues and benefit of introducing new subcarrier spacing.
…
Agreements:
· RAN1 continues study on the necessity, benefits and relationship between bandwidth part and resource pool.


In RAN1#94, the above subcarrier spacings(SCSs) are listed as candidates. For NR SL, SCS switching would be beneficial. For example, wider SCS is used for high speed scenario in order to have tolerability against fast fading. While, whether all candidates listed above should be carefully considered, i.e, only a part of them might be enough for SL. If multiple SCSs are supported for SL, default SCS(s) needs to be defined or configured. Moreover, in SL, supported SCS and BWP can be different among UEs, which means appropriate SCS will be different depending on paired UEs’ capabilities especially for unicast. Hence, numerology determination procedure as shown in Fig.2 should be studied. For groupcast and broadcast, since such procedure will be complicated, one of default numerologies should be used.
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Fig.2 SL-capability negotiation
Proposal 2: Support multiple numerologies in order to have tolerability against fast fading depending on vehicular velocity
· Carefully study whether to support the all candidates listed in RAN1#94 agreement
· Define or (pre)configure default numerology(ies)
· Study numerology determination procedure between UEs, e.g., SL-capability negotiation for unicast
In addition, BWP switching is beneficial for SL, because resource size can be adjusted according to traffic type, e.g., traffic with small PHY layer packet size and traffic with large PHY layer packet size. 
Proposal 3: Support BWP switching so that UE can adjust resource size based on instant traffic load
Waveforms
	Agreements:
· RAN1 to continue study on the physical channel considering at least the following aspects:
· Waveform
· Candidates: CP-OFDM, DFT-s-OFDM
· Proposals from companies:
· CP-OFDM only
· Support both
· Consideration points:
· Different channel can have different waveform?
· Benefit and impact of supporting only one waveform and supporting both waveforms
…


 As proposed above, for NR SL TDD slot structure, we think slot structure consisting of SL and Uu should be supported. When SL transmission is accommodated with UL, using the same waveform would simplify UE implementation. For NR UL, CP-OFDM is supported in addition to DFT-S-OFDM. Hence both CP-OFDM and DFT-S-OFDM can be supported for NR SL. However, in order to avoid complexity, dynamic waveform switching should not be supported, it is noted that only semi-static configuration is supported for NR UL. In other words, only semi-static waveform switching can be considered if both waveforms are supported. Moreover, common waveform should be used for PSCCH and PSSCH for implementation simplicity.
Observation 1: Both CP-OFDM and DFT-S-OFDM can be supported so that SL transmission can accommodate with UL in a slot, e.g., in case that TDD slot structure consists of SL and Uu parts. Semi-static waveform configuration can be considered, if both waveforms are supported.
PSCCH/PSSCH multiplexing
	Agreements:
· At least PSCCH and PSSCH are defined for NR V2X. PSCCH at least carries information necessary to decode PSSCH.
· Note: PSBCH will be discussed in the synchronization agenda.
· RAN1 continues study on the necessity of other channels. 
· Further study on
· Whether/which sidelink feedback information is carried by PSCCH or by another channel/signal.
· Whether/which information to assist resource allocation and/or schedule UE’s transmission resource(s) is carried by PSCCH or by another channel/signal.
· PSCCH format(s) and content(s) for unicast, groupcast, and broadcast


In RAN1#94, RAN1 agreed to support PSCCH and PSSCH for NR SL. Regarding to multiplexing of PSCCH and PSSCH, FDM can be baseline as in LTE V2X. TDM between PSCCH and PSSCH is FFS, and multiplexing of NR short PUCCH and PUSCH can be a start point for the further study.
Observation 2: FDMed PSCCH and PSSCH can be baseline.
Reference signals
	Agreements:
· RAN1 to continue study on the physical channel considering at least the following aspects:
...
· RS design
· Candidates are:
· DM-RS
· DM-RS defined in Rel-15 NR Uu is the starting point.
· PT-RS
· CSI-RS
· SRS
· AGC training signal
...


In RAN1#94, the above candidate RSs are discussed. At least, demodulation reference signal (DM-RS) needs to be supported, since it’s supported for LTE as well. In addition, Channel state information reference signal (CSI-RS) and phase-tracking reference signal (PT-RS) should also be supported. There are two reasons. First, QoS management should be taken into account. Aiming for higher data rate and cell capacity/efficiency especially for uni/group-cast, accurate link adaptation and transmission power control based on SL measurement will be needed. Second, since FR2 is included as scope of the SI, RAN1 needs to consider mmW specific issues, e.g., beam management and phase-noise reduction. In NR Uu, CSI-RS and SS are used for beam management, and PT-RS is used for phase tracking. Furthermore, CSI-RS can be used for time-domain tracking in high speed scenario. Hence, at least CSI-RS and PT-RS should be supported in addition to DM-RS. Regarding to AGC training signal, it can be discussed after determining outline of SL design, because any signal can be used for that purpose.
Proposal 4: Support CSI-RS and PT-TS in addition to DM-RS for QoS management including link adaptation, transmission power control, beam management and phase-noise reduction in FR2, and time-domain tracking in high speed scenario.
Modulation scheme
 As far as modulation scheme is concerned, potentially up to 64QAM or higher MCS order, e.g., 256QAM, can be supported. However, details can be discussed after designing outline of NR SL.
Observation 3: Potentially up to 64QAM or higher order, e.g., 256QAM, can be supported.
Conclusion
In this paper, we had discussion on SL design. Our proposals are summarized as followed:
Proposal 1: Support TDD slot structure consisting of SL and Uu, sharing some part of resources(s), so that SL can accommodate in case of Uu licensed band operation
Proposal 2: Support multiple numerology in order to have tolerability against fast fading depending on vehicular velocity
· Carefully study whether to support the all candidates listed in RAN1#94 agreement
· Define or configure default numerology
· Study numerology determination procedure between UEs, e.g., SL-capability negotiation
Proposal 3: Support BWP switching so that UE can adjust resource size based on instant traffic load
Observation 1: Both CP-OFDM and DFT-S-OFDM can be supported so that SL transmission can accommodate with UL in a slot, e.g., in case that TDD slot structure consists of SL and Uu parts. Semi-static waveform configuration can be considered, if both waveforms are supported.
Observation 2: FDMed PSCCH and PSSCH can be baseline.
Proposal 4: Support CSI-RS and PT-TS in addition to SS and DM-RS for QoS management including link adaptation, transmission power control, beam management and phase-noise reduction in FR2, and time-domain tracking in high speed scenario.
Observation 3: Potentially up to 64QAM or higher order, e.g., 256QAM, can be supported.
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