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1. Introduction
In RAN1 #94 and #94bis, several agreements were made on the physical layer structure and procedure(s) for NR V2X, and have been summarized in Appendix B. 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
2.1 Sidelink feedback channel
The following agreements were reached on sidelink feedback channel:
	Agreements:
· Sidelink feedback control information (SFCI) is defined.
· SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
· FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
· FFS how to include other feedback information (if supported) in SFCI.
· FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel



It was further studied whether the sidelink feedback control information (SCFI) 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 SCFI, 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 (SCI), and PSCCH format 1 as the format to carry the feedback information (SCFI). 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.
Further, in our view, piggybacking the sidelink feedback control information (SCFI) on PSCCH/PSSCH is possible, it does assume that reciprocal traffic exists between the transmitter and receiver UEs. This cannot be assumed in most cases, such as groupcast communications. Furthermore, piggybacking SCFI on PSCCH will lead to inferior control performance (SCI and SFCI) and should hence not be considered.
Hence, based on the above rationale, 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: _Hlk528932106][bookmark: _Hlk525915125]Proposal 1: Support separate physical channel to carry sidelink feedback control information (SCFI).
2.2 HARQ-ACK information (ACK/NACK/DTX)
For unicast, all ACK/NACK transmission can both be supported. For DTX behaviour, it could be up to the transmitter to assume DTX = ACK or DTX = NACK.
For groupcast, however, the feedback is needed from multiple receiver UEs. Sending individual feedback from each receiver will however significantly increase the transmissions in the system and the resource determination can become complicated. Hence for groupcast, SFN’ed transmission of feedback is preferred, in which case it should be NACK-based only. All the receivers that were unable to decode the packet and determine they should send a NACK transmission based on distance from the transmitter (se companion contribution [2]), can send the NACK on the time-frequency resources in an SFN’ed manner. From transmitter’s perspective, then DTX of SCFI is then treated as ACK (DTX = ACK for groupcast).

[bookmark: _Hlk528932110]Proposal 2: For groupcast, NACK-based HARQ feedback is supported with DTX = ACK.
3. Physical layer structures
In this section, we provide our views on the various physical layer structure for NR V2X.
3.1 Bandwidth part and resource pool
In our understanding, BWP was introduced in Uu mainly for the following reasons: 
· Support UEs with smaller RF bandwidth than the possible carrier bandwidth
· Power saving for the UE that does not need to process the whole carrier/system BW for its transmission and/or reception
· Load balancing within a component carrier
Sidelink V2X communication occurs in either Mode-1 or Mode-2. In the following we analyse the usefulness of defining multiple BWPs for both scenarios.
In mode-2, the majority of applications pertaining to sidelink transmission in Mode-2 require all the out-of-coverage UEs to be able to transmit and receive across the entire allocated BW. Even in cases where reservation of some portions of the spectrum for use by UEs for some applications (e.g., platooning), it is still expected that UEs would be able to receive data from the main pool. 
Since it has been agreed in RAN1 that the UE could expect to transmit and receive using a single numerology in a TTI, all portion of spectrum that are reserved need to have the same numerology. Therefore, the concept of recourse pool (which has also been agreed in RAN1) could be used to define any application specific channel reservations necessary. Indeed, the existence if multiple numerologies within the same CC is unnecessary in the context of sidelink traffic. 
In mode-1, similar arguments regarding sidelink traffic could be made for Mode-1 operation as well. It does not seem necessary to introduce multiple numerologies within the same sidelink CC.  In the case of shared carrier between V2X and Uu traffic, a single large BWP could be defined with multiple resources pools for Uu and sidelink operation without the loss of any additional flexibility. 
Due to the above reasons, it is considered that the concept of BWP is not necessary or even desired in the context of V2X traffic. However, since the notion of system BW is somewhat ill-defined in RAN1, we can specify instead that V2X communication will have a single BWP per carrier that encompasses the entire RF BW of V2X UEs. 
Main issues with BWP in the context are as follows:
1. It is not clear how out of coverage operation works as it is not desirable to change the BWP on the fly.
2. Dynamic switching of BWP will involve complicated signalling between UEs. Motivation of dynamic switching is not clear hence investing standardisation time is not justifiable.
3. In-Coverage UEs should still be able to work in RRC_IDLE state. Initial BWP can be used for it. However, careful analysis is required to ensure how all UEs in-Coverage can work.
[bookmark: _Hlk528932147]Observation 1: There are complications involved with respect to support of BWP. Specifically dynamic BWP switching will lead to lots of complications.
3.2 [bookmark: _Hlk525915138]Waveform 
In this subsection, we discuss the support of CP-OFDM and DFT-S-OFDM for NR V2X.
Figure 1 and Figure 2 compare the link level performance of CP-OFDM vs DFT-S-OFDM for Urban NLOS with low speed and Highway LOS with high speed, respectively. Detailed simulations assumptions are listed in Appendix A.
It is noted that the same TBS size is simulated and the DMRS pattern used follows the NR Type 1 DMRS pattern (comb-2). Furthermore, for DFT-S-OFDM, data and DMRS are multiplexed as in NR specifications, and hence the same TBS size results in a higher coding rate for DFT-S-OFDM as compared to CP-OFDM. 
Comparing the decoding SNRs alone (i.e. ignoring the PAPR gains), as expected the results indicate advantage of DFT-S-OFDM as compared to CP-OFDM at lower MCS (e.g. TBS of 1516bits results in QPSK rate 1/3 for CP-OFDM, and slightly higher coding rate for DFT-S-OFDM) despite the higher coding gain for CP-OFDM as the channel estimation is better for DFT-S-OFDM (due to the 3dB boost in the DMRS due to no multiplexing of data and DMRS REs on the symbols containing DMRS). For higher TBS size / higher coding rates, the channel estimation noise is no longer the bottleneck and hence the CP-OFDM decoding SNR is lower due to higher coding gain. 
	[image: ]
[bookmark: _Ref528929647]Figure 1: DFT-S-OFDM vs CP-OFDM link level performance for Urban NLOS, 30kHz SCS, NCP, 15kmphr
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[bookmark: _Ref528929657]Figure 2: DFT-S-OFDM vs CP-OFDM link level performance for Highway LOS, 60kHz SCS, ECP, 140kmphr 



Furthermore, comparing the link budget gain of DFT-S-OFDM vs CP-OFDM assuming a modest MPR advantage of 1dB [R4-140965], it can be seen that DFT-S-OFDM can have advantage compared to CP-OFDM, particularly for low MCS operating points (as common for V2X).
Table 1: Link budget comparison of DFT-S-OFDM vs CP-OFDM for Urban NLOS (Figure 1) @10-2 BLER assuming MPR advantage of 1dB
	TBS size (bits)
	1416
	2152
	4224
	6912

	Decoding SNR gain (dB)
(DFT-S-OFDM vs CP-OFDM)
	0.8
	0.4
	-0.3
	-0.8

	Link budget gain (dB)
(DFT-S-OFDM vs CP-OFDM)
	1.8
	1.4
	0.7
	0.2



Table 2: Link budget comparison of DFT-S-OFDM vs CP-OFDM for Highway LOS (Figure 2) @10-2 BLER assuming MPR advantage of 1dB
	TBS size (bits)
	1224
	1800
	3624

	Decoding SNR gain (dB)
(DFT-S-OFDM vs CP-OFDM)
	1.4
	1
	-0.3

	Link budget gain (dB)
(DFT-S-OFDM vs CP-OFDM)
	2.4
	2
	0.7



As indicated by the results, support of DFT-S-OFDM can be thus beneficial for NR V2X link budget performance. Further, in terms of standardization complexity, much of the agreements on the link level design (e.g. Type 1 DMRS as defined for CP-OFDM and DFT-S-OFDM) can be reused. 

[bookmark: _Hlk528932170]Proposal 3: CP-OFDM and DFT-S-OFDM are both supported for NR V2X.
3.3 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 4a: 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 4b: The symbol locations and time-density for DM-RS for PSSCH can be different from NR Configuration Type 1 for PDSCH and is FFS depending on the slot design.
Proposal 5: 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 6a: DM-RS for PSCCH can reuse DM-RS for PDCCH (i.e. reuse single port, comb-4 frequency mapping). 
Proposal 6b: 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 7: 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 8: 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 9: Deprioritize support of SRS in sidelink 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 10: 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 11: 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 12: Assume single-port transmission mode for PSCCH with support of transparent TxD.
Proposal 13: 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. When allocation sizes are changed from one symbol to the other, the transmit gain of the RF front end needs to change as well to ensure the same input power going into the PA. Hence transients are needs for the Tx AGC operation in the RF front end (ignoring potential LO changes as well) [e.g. TS 36.101, 6.3.4.3 on intra-subframe frequency hopping]. In our view, handling the transients is a major concern in the design that will lead to significant challenge in link level design (and/or device implementation constraints) and hence should be ruled out. 
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, Option 3 is preferred for PSCCH/PSSCH multiplexing.

[bookmark: _Hlk525915175][bookmark: _Hlk528932275]Proposal 14: Option 3 is the preferred option to support PSCCH/PSSCH multiplexing for NR V2X.
Proposal 15: Option 1B for PSCCH/PSSCH multiplexing for NR V2X is not supported.

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 option as 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 16: 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: Support separate physical channel to carry sidelink feedback control information (SCFI).
Proposal 2: For groupcast, NACK-based HARQ feedback is supported with DTX = ACK.

(Physical structure – BWP and resource pool)
Observation 1: There are complications involved with respect to support of BWP. More specifically dynamic BWP switching will lead to lots of complication.

(Physical structure - waveform)
Proposal 3: CP-OFDM and DFT-S-OFDM are both supported for NR V2X.

(Physical structure - RS)
Proposal 4a: 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 4b: The symbol locations and time-density for DM-RS for PSSCH can be different from NR Configuration Type 1 for PDSCH and is FFS depending on the slot design.
Proposal 5: 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 6a: DM-RS for PSCCH can reuse DM-RS for PDCCH (i.e. reuse single port, comb-4 frequency mapping). 
Proposal 6b: 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 7: 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 8: Support CSI-RS transmission multiplexed with PSCCH/PSSCH transmission to gather CSF from the receiver. 
Proposal 9: Deprioritize support of SRS in sidelink to support reciprocity-based link adaption/ measurements. 
Proposal 10: Do not introduce an additional RS for the sole purpose of AGC training. 
 
(Physical structure – modulation and transmission schemes)
Proposal 11: 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 12: Assume single-port transmission mode for PSCCH with support of transparent TxD.
Proposal 13: Study both open-loop and closed-loop spatial multiplexing for PSSCH. Assume transparent TxD for PSSCH. 

(PSCCH/PSSCH/feedback channel multiplexing)
Proposal 14: Option 3 is the preferred option to support PSCCH/PSSCH multiplexing for NR V2X.
Proposal 15: Option 1B for PSCCH/PSSCH multiplexing for NR V2X is not supported.
Proposal 16: Further study the multiplexing of the feedback channel along with PSCCH/PSSCH transmission.
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Appendix A: Simulation assumptions for link level performance comparison of CP-OFDM and DFT-S-OFDM waveforms
This section lists the simulation assumptions for the link level performance comparison of CP-OFDM and DFT-S-OFDM waveforms presented in Figure 1 and Figure 2.
Table A1. Link level simulation parameters
	Parameter
	Value/configuration

	
	Urban NLOS
	Highway LOS

	Carrier frequency
	6 GHz
	6 GHz

	Antenna and Tx mode
	SCDD, 2 Tx 4 Rx
	SCDD, 2 Tx 4 Rx

	UE speed
	15/15 km/h
	140/140 km/h

	Channel structure
	15 RBs, 13 symbols
	15 RBs, 11 symbols

	Subcarrier Spacing 	
	30 kHz
	60 kHz

	CP length
	Normal (2.3 )
	Extended (4.7 )

	DMRS pattern
	NR Type 1, Symbol {2, 13}
	NR Type 1, Symbol {2, 11}





Appendix B: Agreements from RAN1 #94 and #94bis
Note the agreements from the two meetings are merged for readability in the summary below.
	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
 
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
· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.
· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· 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.
· At least one of Option 1A, 1B, and 3 is supported.
· FFS whether some options require transient period between PSCCH and PSSCH.
· FFS whether to support Option 2

Illustration of the above options:
[image: ]

Agreements:
· Sidelink control information (SCI) is defined.
· SCI is transmitted in PSCCH.
· SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
· NDI, if defined, is a part of SCI.
· Sidelink feedback control information (SFCI) is defined.
· SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
· FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
· FFS how to include other feedback information (if supported) in SFCI.
· FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
· FFS in the context of Mode 1:
· whether/how to convey information for SCI on downlink
· whether/how to convey information of SFCI on uplink

Agreements:
At least resource pool is supported for NR sidelink
Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
FFS whether a resource pool consists of contiguous resources in time and/or frequency.
A resource pool is inside the RF bandwidth of the UE.
FFS how gNB and other UEs know the RF bandwidth of the UE
FFS if BWP (if defined) can be used to in defining at least part of resource pool
FFS if the numerology of a resource pool is indicated as a part of (pre-)configuration for resource pool, carrier, band, or BWP (if defined)
UE assumes a single numerology in using a resource pool.
Multiple resource pools can be configured to a single UE in a given carrier.
FFS how to use multiple resource pools when (pre-)configured.
FFS BWP is supported for NR sidelink
FFS whether RAN1 can assume that at most one BWP is configured in a carrier from the system perspective.
It is RAN1 understanding that, in some cases, the entire system bandwidth is covered by a single BWP.
FFS the details of BWP configurations, including the possibility of restricting the number of BWPs
FFS whether BWP for TX and RX is separated or a common BWP applied to both TX and RX
There is at most one activated sidelink BWP for a UE in a given carrier as in the Uu case
Further study the feasibility, benefit, and impact of sidelink BWP switching
Aim to conclude in RAN1#95
Companies are encouraged to provide more analysis, including checking current Rel-15 specification regarding BWP related text
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Rx UE sends feedback for slot-n transmission in slot n+1.
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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.



