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1. Introduction
In RAN1 #94, the following agreements were reached on NR V2X physical layer structures and procedures.
	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.
· [bookmark: _Hlk523141182]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
 
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
· 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.
· CP length
· 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
· Channel coding
· For data, channel coding defined for data in Rel-15 NR Uu is the starting point.
· For control, channel coding defined for control in Rel-15 NR Uu is the starting point.
· Modulation
· RE mapping and rate-matching
· Scrambling
                  
Agreements:
· RAN1 continues study on the necessity, benefits and relationship between bandwidth part and resource pool.

Agreements:
Agree the following assumptions as tentative assumptions for the simulation at least till RAN1#94bis
· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference

Agreements:
RAN1 to continue study on multiplexing physical channels considering at least the above aspects:
· Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).
· Study further the following options: 
· Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
· Option 1A: The frequency resources used by the two channels are the same.
· Option 1B: The frequency resources used by the two channels can be different.
· Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
· Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.
Illustration of the above options:
[image: ]




In this contribution, we further discuss the physical layer structures and procedure(s) for NR V2X, focusing on the FFS aspects identified in the last RAN1 meeting.
2. Physical channels
For NR V2X physical channels, the following aspects were identified for further study:
	Agreements:
· … 
· 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




2.1 Sidelink feedback channel 
It was further studied whether the sidelink feedback information is carried in PSCCH (e.g. different PSCCH format), or a separate channel/signal is introduced to carry the sidelink feedback information.
In our view, it should be clarified that if PSCCH is used to also carry the sidelink feedback information, then it needs to be a separate PSCCH format. For exemplification, let’s call PSCCH format 0 as the format used to carry information required to decode data, and PSCCH format 1 as the format to carry the feedback information. In such a design, we note the following:
· The transmission of the PSCCH format 1 should then occur at a different location as compared to PSCCH format 0. No blind decoding needed at the receiver (of the feedback transmission) as the format is determined by the location of the transmission (for format 0, it’s beginning or part of PSSCH transmission based on Option 1/2/3 under study; for format 1, it’ll be at a separate location used to transmit the feedback)
· Transmission of PSCCH format 0 without data is not supported (to transmit feedback).
· The actual physical transmission of the feedback channel may differ. Primarily, when receiver send the feedback channel (say PSCCH format 1), the transmitter (that’s receiving the feedback) will need mechanism for AGC control to receive the feedback channel. For example, PSCCH format 1 is then needed to be sent with some redundancy to allow for AGC at the Tx UE (that’s receiving the feedback). Such a requirement is not needed for PSCCH format 0 as other channels / data redundancy is preferred for AGC training in that case.
Hence, based on the above rationale, reusing PSCCH to send both SCI for receiving data and feedback information is not preferred as the physical channel transmission requirements may themselves be different.
We thus propose defining a separate physical channel to carry the sidelink feedback information. The feedback contents are discussed further in our companion contribution [2].
[bookmark: _Hlk525915125]Proposal 1: Study the support of a separate physical channel to carry the sidelink feedback information.
2.2 Channel reservation signal
In our companion contribution [3], we have proposed a resource allocation that relies on distributed fast-scale (slot-based) channel contention and reservation procedure. In our view, slot-based channel contention and reservation is needed for NR V2X for both near-term and future-proof requirements to support dynamic traffic patterns (periodicity and size). 
Hence, we propose to introduce a channel reservation signal to allow for contention of time-frequency resources (as described in [3]), and indicating the reservation to allow for short-term (per-slot) channel sensing. The actual transmission of the channel reservation signal may also indicate additional information needed to decode control and/or data, for e.g., frequency allocation of the data/control transmission. Such additional information is helpful to reduce the blind control decoding requirements at the receiver.
[bookmark: _Hlk525915130]Proposal 2: Study the design of a channel reservation sequence for (at least) the purpose of channel contention for time-frequency resources on a per-slot time scale.
3.  Physical layer structures
In this section, we provide our views on the various physical layer structure ( CP, subcarrier spacing etc.) for NR V2X.
Subcarrier spacing (SCS): The following candidates for SCS were listed in the last RAN1 meeting:
	· 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.


In our assessment, there is no benefit or justification to introduce 120kHz for FR1 and 30kHz for FR2 as compared to NR Uu. For FR2, 30kHz will lead to significant phase noise impact and is not expected to perform well. For FR1, high subcarrier spacing of 120kHz does not seem to be needed even with the extreme mobility (250kmphr+250kmphr) and carrier frequency offset (0.2ppm @ 6GHz) requirements. Assuming the extreme mobility and CFO, the SCS normalized frequency is ~0.13 @30kHz SCS and 0.06 @60kHz SCS and does not justify the need of higher subcarrier spacing than 30/60kHz. Further coherence time (9/(16*pi*fm)) ~= 65us, and thus 30kHz and higher are able to deal with the extreme mobility scenarios well given adequate time-density of DMRS (i.e. no significant variations within a symbol will be observed with 30kHz and higher SCS).
Hence, we propose to not consider 120kHz for FR1, and 30kHz for FR2.
Furthermore, in a given deployment (resource pool), we suggest only one subcarrier spacing is assumed. The specification may itself support multiple subcarrier spacings (if justified, and at least one for FR1 and one for FR2), but coexistence of different subcarrier spacings within the same (or overlapping) resource pools is not considered. In NR Uu Band Width Part (BWP) is somewhat similar to resource pool concept. However, each BWP can have different configuration for numerology. In case of Uu it is not an issue, as UE is supposed to receive only on one BWP at any given time. However, in case of V2X, typically all UEs listen to all resource pools to receive all the messages. This expectation of receiving on all pools combined with BWP concept put complexity in UE if it so happens that different BWP are configured with different numerologies and UE is decoding both BWP in same slot. 

[bookmark: _Hlk525915138]Proposal 3: Do not include subcarrier spacing candidates of 120kHz for FR1 and 30kHz for FR2 in study of NR V2X. 
Proposal 4: Within a given resource pool, assume that only a single subcarrier spacing is used by all UEs.
Proposal 5: UE complexity in receiving different numerology at the same time instance must be considered in the discussion of BWP and SCS.

Reference signal(s): In the following discussion, we provide our views on the various reference signals for NR V2X.
DM-RS: For PSSCH DM-RS, we propose to reuse NR Configuration Type 1 DM-RS with 1-symbol (l’ = 0) as the baseline. 
The proposal is to reuse the comb-2 cs-2 mapping aspect of NR Type 1 DMRS, that will give us a maximum of 4-ports for PSSCH. In our view, that should be sufficient for NR V2X as we only need support of SU-MIMO and hence support of higher number of ports that are particularly beneficial for MU-MIMO are not needed. 
The time-density and the location of the DMRS symbols will differ from NR Uu (of course) and depends on further agreements on the slot structure of V2X (PSCCH and PSSCH). However, as a design principle, we propose to support varying time-densities for DM-RS for PSSCH depending on Tx and Rx UE speeds (either known or worst-case expectation for Rx UE) and MCS of the transmission. This is to allow for lower overheads / higher spectral efficiency for low speeds and introduce higher time densities as needed for high speeds. This idea is also similar to NR Uu, where we have front loaded DM-RS + additional DMRS (+1 or +2 or +3) for high doppler.
DM-RS for PSCCH needs further agreements related to the slot structure. However, if DM-RS for PSCCH are needed, then we propose to reuse DM-RS for PDCCH w.r.t. single port, comb-4 pattern. If PSCCH spans multiple symbols, then further study needed if/not additional DM-RS symbols are needed within PSCCH transmission.

[bookmark: _Hlk525915144]Proposal 6a: DM-RS for PSSCH can reuse NR Configuration Type 1 DM-RS with 1-symbol (l’ = 0) as the baseline (i.e. reuse comb-2 cs-2 mapping, sequence, and same frequency density / no staggering on additional DMRS symbols). 
Proposal 6b: Study the actual symbol locations and time-density depending on depending on the slot design
Proposal 7: Support varying time-density DM-RS for PSSCH based on Tx / Rx UE speeds and MCS of transmission (similar to +1/2/3 additional DM-RS symbol support for NR Uu). 
Proposal 8a: DM-RS for PSCCH can reuse DM-RS for PDCCH (i.e. reuse single port, comb-4 frequency mapping). 
Proposal 8b: Time symbol location and time-density of the DM-RS are FFS as they depend agreements related to further design on PSCCH (time-frequency size, multiplexing with PSSCH, code rate etc.)

PT-RS:  For FR2, PT-RS will be needed for phase tracking for PSSCH (at least), can reuse the NR PT-RS principles (in general and for e.g., frequency density dependence with MCS and allocation, one port per TRP associated with lowest indexed DMRS and QCL relationships with the DM-RS ports). Further details are FFS as we need to agree on basic slot structure and PSCCH/PSSCH multiplexing first.
[bookmark: _Hlk525915151]Proposal 9: For FR2, PT-RS will be needed and can reuse NR PT-RS principles as baseline. Further details are FFS as they depend on agreements on slot structure and PSCCH/PSSCH multiplexing.

CSI-RS: For unicast, we propose support of CSI-RS to gather CSF to be transmitted as a part of PSSCH. The configuration for CSI-RS can be very light, e.g., one symbol within the transmission and the design can follow similar to DM-RS for PSSCH. The CSI-RS presence, CSF information requested, etc. can be indicated by the transmitter in the control or could be negotiated during connection setup for unicast transmission. 

[bookmark: _Hlk525915154]Proposal 10: Support CSI-RS transmission multiplexed with PSCCH/PSSCH transmission to gather CSF from the receiver. 

SRS: The need for SRS (in addition to CSI-RS) would be to support reciprocity-based link adaptation. In our view, though supporting reciprocity-based link adaption is possible, at this point in the study it will create significant difficulty in converging on a design. Due to the distributed channel access, AGC returning support, support of gaps for feedback, and Tx/Rx retuning, converging to slot structure is quite complicated. Supporting both CSI-RS and SRS for CSF/link adaption will increase the complexity of the slot structure. Hence, we propose to deprioritize SRS for V2X SI.

[bookmark: _Hlk525915158]Proposal 11: Deprioritize support of SRS to support reciprocity-based link adaption/ measurements. 

RS for AGC training: In our view, we should avoid introducing a separate RS for the sole purpose of AGC retraining. In our view, adding redundancy to other channels/signals to also enable AGC retraining is a better solution that adding a fixed overhead for the purpose of AGC retraining only. This is because the AGC retraining may not be always needed at the receiver, and in such a case it is beneficial if the information can be used (e.g. if its data symbols) at the receiver. Note that for AGC training, a known (RS-type) data is not required, and further does not provide additional benefits over not-known (data/information bits) data. 

[bookmark: _Hlk525915161]Proposal 12: Do not introduce an additional RS for the sole purpose of AGC training. 

Modulation: For the minimum and maximum MCS for PSSCH, we propose to support two MCS tables: one with QPSK (min) though 64QAM for the main purpose of broadcast/multicast, and another with QPSK though 256QAM for the main purpose of unicast transmissions. The MCS table used can be indicated in the control, or can be negotiated during connection setup, i.e. baseline MCS table is used, and for unicast, if both Tx/Rx UEs are capable and the channel conditions are favourable, then they can upgrade to higher spectral efficiency MCS table.

[bookmark: _Hlk525915165]Proposal 13: Support two MCS table with different peak spectral efficiencies. The use of MCS table with higher peak spectral efficiency to use can be negotiated using connection setup based on UE capability and channel conditions.

Transmission schemes: For PSCCH, we propose to consider only single-port transmission scheme. Transparent transmit diversity schemes could be used for transmission of PSCCH. For PSSCH, we propose to study both open and closed-loop spatial multiplexing schemes for V2X. Given the dynamic environment and low periodicity of transmission (i.e. application of feedback for next transmission given (potentially) significant changes in small scale channel parameters), the link adaptation is expected to be done in a more conservative manner to exploit the feedback for knowledge of the large-scale parameters (e.g. rank variations over time, or correlation between the spatial locations and DFT-based precoding). For transmit diversity techniques for PSSCH, we propose to use transparent diversity as the baseline similar to PSCCH, and to maintain commonality with NR Uu.

[bookmark: _Hlk525915169]Proposal 14: Assume single-port transmission mode for PSCCH with support of transparent TxD.
Proposal 15: Study both open-loop and closed-loop spatial multiplexing for PSSCH. Assume transparent TxD for PSSCH. 
4.  PSCCH/PSSCH multiplexing
The following figure illustrates the candidate options listed in the last RAN1 meeting:
[image: ]

In our assessment, following tradeoffs can be observed for these options:
Option 1A: TDM PSCCH and PSSCH with same frequency allocation
· Pro: control is upfront and hence has better data decoding latency
· Pro: Same allocation for PSSCH/PSCCH will reduce the overhead of indicating the frequency allocation (if we are indicating) or blind/semi-blind detection of frequency allocation of PSCCH/PSSCH.
· Con: mismatched link budgets for control and data can occur. For example, data is high MCS with large frequency allocation, then control link budget could be much higher than data link budget due to very low code rate (as a result of large frequency allocation) and may not be needed in all cases (unless there is benefit in other tx/rx UEs decoding the control only for channel reuse purpose)
Option 1B: TDM PSCCH and PSSCH with (potentially) different frequency allocation
· Pro: control is upfront and hence has better data decoding latency
· Pro: link budget matching between PSCCH and PSSCH is possible
· Con: Transients will be needed due to change in allocation size and are not desired.
Option 2: FDM PSCCH/PSSCH
· Pro: Link budget of control can be improved as transmitting for higher number of symbols
· Con: data decoding latency (and this buffering) impacts as UE has to wait till end of slot before it can start the demodulation procedures.
· Con: Constraints on PSCCH precoding / antenna virtualization due to FDM with multi-port PSSCH.
Option 3: TDM+FDM PSCCH/PSSCH
· Pro: control can be upfront / at the start, and will hence have better decoding latency
· Pro: Depending on flexibility in time/frequency allocation, it is possible to meet the different link budget requirements and link budget matching with PSSCH. However, this depends on the flexibility in time/frequency allocation of PSCCH, without which this may be a constraint rather than a benefit.
· Con: Introduces some constraints/consideration for DM-RS placement for PSSCH, since it’s desired (needed) to TDM the DM-RS of PSSCH with the symbols that have PSCCH to avoid puncturing in frequency. Thus, the symbol placement for PSSCH DM-RS is constrained.

Based on the above analysis, we propose to consider Option 1A or Option 3 as the preferred options for PSCCH/PSSCH multiplexing.

[bookmark: _Hlk525915175]Proposal 16: Option 1A or Option 3 are preferred options to support PSCCH/PSSCH multiplexing for NR V2X.

5. PSCCH/PSSCH/Feedback channel (PSFCH) multiplexing
Beyond the multiplexing of PSCCH/PSSCH, we need to study the multiplexing of the feedback channel (whether a new channel or reusing the PSCCH physical channel) within a slot. For exemplification, we term the sidelink feedback channel as PSFCH. For PSCCH/PSSCH/PSFCH multiplexing, we also need to study the decode latency requirements at the UE to determine when the feedback is sent for PSCCH/PSSCH transmitting in slot n.
For the purpose of this discussion, we assume the decoding latency at the UE to be 1 slot. Further study is needed on the decoding latency and depends on the design of PSCCH/PSSCH multiplexing, slot design, coding etc.
For PSCCH/PSSCH, we consider the preferred options Option 1A and Option 3. 
For PSCCH/PSSCH received in slot n, the feedback is transmitted by the receiver in slot n+1. We propose that the frequency resources used for transmission of feedback channel is the same or a subset of the frequency resources used for PSCCH/PSSCH. To allow for receivers to transmit the PSFCH, other transmitters need to leave a Gap in their transmissions (in slot n+1) to allow for feedback channel transmission by the Rx UE to the transmission it received in slot n. 
Following is a depiction of PSCCH/PSSCH/PSFCH multiplexing.





Following is a depiction of two slots with the receiver sending the feedback in slot n+1 for a transmission received in slot n, and the relationship between the frequency allocation of the feedback.

\

[bookmark: _Hlk525915180]Proposal 17: Further study the multiplexing of the feedback channel along with PSCCH/PSSCH transmission.

6. Conclusion
In this contribution, we propose the following aspects for NR V2X physical layer structure:
(Physical channels/signals)
Proposal 1: Study the support of a separate physical channel to carry the sidelink feedback information.
Proposal 2: Study the design of a channel reservation sequence for (at least) the purpose of channel contention for time-frequency resources on a per-slot time scale.
(Physical structure)
Proposal 3: Do not include subcarrier spacing candidates of 120kHz for FR1 and 30kHz for FR2 in study of NR V2X. 
Proposal 4: Within a given resource pool, assume that only a single subcarrier spacing is used by all UEs.
Proposal 5: UE complexity in receiving different numerology at the same time instance must be considered in the discussion of BWP and SCS.
(Physical structure - RS)
Proposal 6a: DM-RS for PSSCH can reuse NR Configuration Type 1 DM-RS with 1-symbol (l’ = 0) as the baseline (i.e. reuse comb-2 cs-2 mapping, sequence, and same frequency density / no staggering on additional DMRS symbols). 
Proposal 6b: Study the actual symbol locations and time-density depending on depending on the slot design
Proposal 7: Support varying time-density DM-RS for PSSCH based on Tx / Rx UE speeds and MCS of transmission (similar to +1/2/3 additional DM-RS symbol support for NR Uu). 
Proposal 8a: DM-RS for PSCCH can reuse DM-RS for PDCCH (i.e. reuse single port, comb-4 frequency mapping). 
Proposal 8b: Time symbol location and time-density of the DM-RS are FFS as they depend agreements related to further design on PSCCH (time-frequency size, multiplexing with PSSCH, code rate etc.)
Proposal 9: For FR2, PT-RS will be needed and can reuse NR PT-RS principles as baseline. Further details are FFS as they depend on agreements on slot structure and PSCCH/PSSCH multiplexing.
Proposal 10: Support CSI-RS transmission multiplexed with PSCCH/PSSCH transmission to gather CSF from the receiver. 
Proposal 11: Deprioritize support of SRS to support reciprocity-based link adaption/ measurements. 
Proposal 12: Do not introduce an additional RS for the sole purpose of AGC training. 
(Physical structure – modulation and transmission schemes)
Proposal 13: Support two MCS table with different peak spectral efficiencies. The use of MCS table with higher peak spectral efficiency to use can be negotiated using connection setup based on UE capability and channel conditions.
Proposal 14: Assume single-port transmission mode for PSCCH with support of transparent TxD.
Proposal 15: Study both open-loop and closed-loop spatial multiplexing for PSSCH. Assume transparent TxD for PSSCH. 
 (PSCCH/PSSCH/feedback channel multiplexing)
Proposal 16: Option 1A or Option 3 are preferred options to support PSCCH/PSSCH multiplexing for NR V2X.
Proposal 17: Further study the multiplexing of the feedback channel along with PSCCH/PSSCH transmission.
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Example transmission from 2 UEs in slots n and n+1. 
Rx UE sends feedback for slot-n transmission in slot n+1.



