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1. Introduction

This is the summary document for 7.2.4.1.1 on physical layer structure, based on the contributions listed in reference section.
2. Issues
Issue 1: waveform

· Issue: Whether to support CP-OFDM only or both of CP-OFDM and DFT-S-OFDM in NR sidelink

· Company’s proposal: Support CP-OFDM only for NR sidelink 

· Rationale:
1) No significant BLER gain [1] 
2) Support flexible resource allocation [3][13]
3) Support multi-layer transmission [1][3][14][22]
4) Increased implementation complexity for reception [3][7][9][12][14][15][28]
5) Increased processing complexity to detect the waveform [1][3][7][14][22]
6) Increased specification effort [1][3][4][14][22]  
7) Advanced receivers (e.g. sphere decoder) can be used with OFDM [7] 
8) Increased RS overhead [7][12][13] 
· Company’s proposal: Support both DFT-S-OFDM and CP-OFDM for NR sidelink
· Rationale:

1) To support various requirements in terms of throughput, coverage, reliability, latency. [2][8][18][20]
2) Better link budget performance than OFDM [2][8][12][18][23]
Proposal for agreement (offline consensus):
· 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.

Issue 2: subcarrier spacing
· It was agreed that 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 in RAN1 #94bis. However, several companies proposed to restrict supportable SCS in NR sidelink. [2][7][8] 
Proposal for conclusion: 
· Continue study based on the agreement in RAN1 #94bis. RAN1 can discuss how to determine SCS used by the UE. 

Issue 3: CP length 
· Company’s proposal: Support all CP lengths supported by Uu [1][9][13][27]
· Rationale: 

· Normal CP lengths should be supported to ensure low overhead communication. In case of 300 m communication distance, it can be observed that normal CP of all SCSs are sufficient to cover the communication range. In case of 1000 m communication distance, the throughput of both 30 kHz and 60 kHz SCS with NCP drop dramatically due to ISI caused by sidelink synchronization error. ECP for 60 kHz should be supported for larger communication range. [1] 
· Company’s proposal: Normal CP is used in NR sidelink [2][4][7][14][28]
· Rationale: 

· There is no need to satisfy the largest communication range and the lowest latency at the same time. 15kHz normal CP can cover the largest coverage. [2]
· ECP has very high overhead for the 60kHz SCS [2][4][7][28] 
· Company’s proposal: Support 15kHz with NCP and 60kHz with ECP in FR1 and 60kHz with ECP in FR2 [8]
· Rationale:

· CP should cover maximum communication range. [8] 

Proposal for agreement (offline consensus):
· For PSCCH/PSSCH in FR1, support normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· Working assumption: For PSCCH/PSSCH in FR2, support normal CP for 60kHz and 120kHz, and extended CP for 60kHz.
· Only one combination of CP length and SCS is used in a carrier at a given time.

Issue 4: BWP and resource pool
· Issue 4-1: Issues needing to be re-discussed and re-designed for SL if SL BWP is not introduced
· Company’s proposal: Define sidelink BWP and resource pool [1][4][5][9][10][13][22][24]
· Rationale: 

· Facilitate coexistence of Uu and SL in shared carrier [1][4]
· Support different numerologies for different scenarios and services [1] 

· Not to repeat lots of discussion in RAN1/2 [1]
· Forward compatibility [4] 

· Beneficial for pedestrian UEs [4] 

· Company’s proposal: NR V2X doesn’t support the concept of BWP [12][15][16][19]

· Rationale:

· Resource pool can provide similar functionalities of BWP. [12][15][16][19]

· Issue 4-2: Relationship between SL BWP and resource pool

· Resource pool inside or outside a BWP

· Company’s proposal: Resource pools are defined within a BWP [1][9][10][13][20][28] 
· Company’s proposal: For a RRC CONNECTED UE, a resource pool is allocated within a configured Uu BWP. For a RRC IDLE/INACTIVE UE, a resource pool could be allocated outside of initial BWP. [27]
· TX BWP and RX PWP in sidleink

· Company’s proposal: A unified BWP applied to both Tx and Rx should be supported [1][4][13][17]

· Number of BWPs
· Company’s proposal: At most one SL BWP is configured in a carrier (at least for RRC_IDLE UEs and out-coverage UEs) [4][13][17][23][28]

· Company’s proposal: A UE can be configured with multiple SL BWP in a carrier [1][7][22]. 
· Issue 4-3: If the numerology of a resource pool is indicated as a part of (pre-) configuration for resource pool, carrier, band, or BWP (if defined)
· Company’s proposal: The numerology of the resource pool is inherent from the numerology of SL BWP. [1]
· Company’s proposal: The resource pools with different numerologies should be mapped to different carriers. [8]
· Company’s proposal: BWP is supported for NR sidelink with a restriction that SCS for all BWPs on a carrier are the same [9] 

· Company’s proposal: The resource pool should be configured with a numerology. (if BWP is not defined) [12]

It is observed that, if BWP is not introduced for sidelink, a lot of discussion and specification changes will be needed. On the other hand, it was also observed that there are concerns on the complexity and necessity of the solutions related to BWP (e.g., those related to dynamic BWP switching), and such concerns can be addressed by limiting the number of configured BWP.
Proposal for agreement (offline consensus): 
· 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 BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 

· Only one BWP is (pre)configured for RRC idle or out coverage 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.
· Numerology is a part of BWP configuration. 
Note: This does not intend to make restriction in designing the sidelink aspects related to BWP.
Note: This does not preclude the possibility where a UE uses a Tx RF bandwidth smaller than the SL BWP.

Issue 5: PSCCH / PSSCH multiplexing
· Company’s proposal: option 1B [3][7][8][16]
· Rationale:

· blind decoding complexity of PSCCH is less than 1A. [3][7]
· enhanced control channel coverage [8] 
· No need to same number of layer/rank and MIMO scheme between PSCCH/PSSCH [16]
· common design for cross slot scheduling between PSCCH and PSSCH [16]
· scalability of the bandwidth difference between PSCCH and PSSCH [16]
· simpler or reuse design of front-loaded DMRS in PSSCH [16]

· Company’s proposal: Support option 2 [1][3][16]
· Rationale:
· High coverage and higher reliability of PSCCH [1][3] 
· Company’s proposal: Support option 3 [1][3][4][7][8][9]
· Rationale:
· The highest utilization efficiency among all TDM options [1][3][8]
· Cons: PSCCH coverage ( can be compensated by PSCCH power boosting [1]
· Option 1B may requires a transient period if there is a large power imbalance between PSCCH/PSSCH [4]

Proposal for agreement (offline consensus):
· Working assumption: At least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between PSCCH and PSSCH symbols 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.

· Study further the need of the transient period when the total transmit power of each power amplifier of the UE does not change in PSCCH and PSSCH symbols

· Send an LS to RAN4 to ask the following for options 1A/1B/3.

· Ask whether transient period is needed if PSCCH and PSSCH use different PSD or different frequency resources.

· Ask whether there are any other cases that require transient period.

Issue 6: Feedback channel format
· Company’s proposal: A physical sidelink feedback channel (PSFCH) is introduced in NR V2X to carry feedback information. [1][4][8] 
· Company’s proposal: Feedback channel is placed in the end of slot. [4]

· Company’s proposal: A/N and SL-CSI are carried in PSFCH [1] 

· Company’s proposal: NR PUCCH Format 0 and PUCCH Format 1 should be considered for the design of physical sidelink feedback channel. [8]

· Company’s proposal: NR V2X supports sidelink feedback channel (PSFCH) at least for sidelink HARQ-ACK feedback and supports different SFCI formats for HARQ-ACK feedback and CSI reporting. [15]
It seems that majority companies proposed (including the proposals in agenda item 7.2.4.1.1) physical sidelink feedback channel needs to be defined. Also, it seems straightforward to support an option of placing PSFCH in the end of a slot similarly to an option in NR Uu at least for the case where PSFCH delivers HARQ-ACK with a limited number of bits.
Proposal for agreement: 
· Physical sidelink feedback channel (PSFCH) is supported. 
· It is supported to place PSFCH in the end of a slot. 

Issue 7: AGC/switching period handling

If the AGC or Tx / Rx switching of 1 symbol is considered in the NR structure, the overhead becomes too large. According to tentative assumption of AGC/switching period agreed in RAN1 #94, AGC/switching period can be much less than one symbol depending on numerology. For example, AGC and TX/RX switching times are 15 and 13 us respectively for FR1 in the RAN1 tentative assumption, and each of them is shorter than the half of the one OFDM symbol time of 30 kHz subcarrier spacing. This implies that even when AGC or TX/RX switching takes place in a symbol, only half of the symbol time would be needed and the other half symbol can be used for data or reference signal transmission/reception.
· Company’s proposal [7] 
· Consider the following option for TX/RX switching and AGC handling in case of 15 and 30 kHz SCS:
· Use the first half of the first OFDM symbol of a slot for Tx/Rx switching and the second half for AGC adaptation.

· Consider the following option for TX/RX switching and AGC handling in case of 60 kHz SCS:
· Use the last OFDM symbol of a slot for Tx/Rx switching and the first OFDM symbol for AGC adaptation similar to LTE-V2X.
· Company’s proposal: The comb type RE mapping on AGC and/or Tx/Rx switching symbol or placing AGC and switching period within one symbol can be considered to enhance efficiency. [13]

· Company’s proposal: The guard period and AGC protection can be integrated in a single symbol to reduce the overhead. [21]
· Company’s proposal: [17]

· For both 15 kHz and 30 kHz SCSs

· The comb type mapping of AGC and Tx/Rx switching with other data or merging AGC and Tx/Rx switching in one symbol can be supported.

· For both 60 kHz and 120 kHz SCSs

· The first symbol(s) for AGC and the last symbol(s) for TX/RX switching can be supported.
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Figure 1 Two alternatives in handling AGC/switching period
Proposal for agreement (offline consensus): 
· For RAN1 evaluations until RAN4 response on AGC and switching time, it is assumed that one symbol is used for AGC and one symbol is used for TX/RX switching.

Note: TX/RX switching includes transition in the power amplifier.
Issue 8: DMRS design
· Company’s proposal: Use NR DMRS and PTRS design principles as a starting point for sidelink RS design. [2] 

· Company’s proposal: Support flexible sidelink DMRS design at least for PSSCH. Further study the exact mechanism for determining and signaling the sidelink DMRS pattern. [2]
· Company’s proposal: The R15 NR DMRS pattern for 15k Hz need to be enhanced in the high-speed scenarios. [3]
· Company’s proposal: Reduced density of DMRS in the frequency domain can be considered in NR sidelink [3]

· Company’s proposal: A flexible frame structure with a variable number of DMRS symbol may be beneficial to NR sidelink [3]

· Company’s proposal in [7]

· In order to support scenarios with high relative vehicle speed consider to design optimized DMRS pattern for PSSCH DMRS at least applicable for the case of 15 and 30 kHz SCS

· Design DMRS patterns to support 64-QAM till 120 km/h relative speed and 16-QAM till 240 km/h

· Consider to support up to 8 antenna ports from system perspective to support spatial multiplexing of UEs transmitting in the same resources
· Company’s proposal [8]: 
· If 15KHz SCS is utilized in NR V2X FR1, the DMRS pattern needs to be enhanced in high-speed scenarios. [8]
· Company’s proposal: For 30KHz SCS, 4 columns DMRS in time domain will be enough for NR V2X FR1. [8]
· Company’s proposal: For 60KHz SCS, 2 columns DMRS in time domain will be enough for NR V2X FR1. [8] 

· Company’s proposal: Proposal 15: The DMRS structure for PSSCH could be (pre)configured via PSCCH or higher layer signalling. [13]

· Company’s proposal: Proposal 7:NR V2X sidelink reuses NR DMRS patterns. [15]

· Company’s proposal: Proposal 2: The density of DMRS in time domain and frequency domain could be dynamic or semi-static configured according to different carrier frequency, numerology and channel status between transmitter and receiver(s). [21]

· Company’s proposal: Proposal 3: 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. [22]

· Company’s proposal: [23]

· 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.)
· Company’s proposal [27]:
· Proposal 4: Rel-15 NR Uu type-1 DM-RS configuration could be used for physical sidelink channels. The number of DM-RS symbols per slot may be dynamically configured. 

· Proposal 5: Discuss the support for orthogonal DM-RS signals for potential colliding UEs.
· Company’s proposal [28]:

· Proposal 24
RAN1 studies DM-RS configurations for SL V2X with up to 4 DM-RS symbols. Baseline of frequency mapping is comb-like multiplexing of DMRS and data subcarriers, with DM-RS on every second subcarrier.
There are many diverging proposals for DMRS design. Based on the proposals, the following factors are relevant to DMRS design:
· Target coverage

· Target reliability
· UE speed

· Frequency offset

· Frequency range

· Modulation order

· Coding rate

· Subcarrier spacing

· Waveform

· Multiplexing PSCCH and associated PSSCH

· PSCCH time/frequency resource size
Since many factors are related to DMRS design but not concluded yet, DMRS design can be discussed after the decision of other issues.
Proposal for conclusion: 
· DMRS design can be further discussed after the decision of numerology, waveform and PSCCH/PSSCH multiplexing, slot structure, etc. At least the following issues need to be considered: 

· What is time domain density of PSCCH DMRS?

· What is frequency domain density of PSCCH DMRS? 

· What is time domain density of PSSCH DMRS?

· What is frequency domain density of PSSCH DMRS? 
· What is DMRS sequence generation method for PSCCH?

· What is DMRS sequence generation method of PSSCH? 

· Whether flexibility depending on different scenarios is supported?

Issue 9: CSI-RS design
· Company’s proposal: Proposal 11: Introduce a preamble RS for CSI acquisition and AGC tracking before every data transmission. [8]
· Company’s proposal: Proposal 10: [15]

· NR V2X supports sidelink reference signals (SL-RS) for sidelink CSI measurement and reporting and sidelink pathloss measurement.
· Company’s proposal: 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. [22]
· Company’s proposal: Support CSI-RS transmission multiplexed with PSCCH/PSSCH transmission to gather CSF from the receiver. [23]

· Company’s proposal: Sidelink CSI-RS (SCSI-RS) is supported. [28]

· Company’s proposal: SCSI-RS design should be aligned with SL DM-RS design.

· Strive for minimizing the total number of resources used for DM-RS and SCSI-RS in a slot. [28] 
Since the need and characteristics of CSI-RS are dependent of the outcome of CSI acquisition discussion, the following is proposed.
Proposal for conclusion:
· The following issues can be further discussed in the UE behaviour of CSI feedback and measurement: 
· Whether CSI-RS is introduced

· Purpose of the CSI-RS is to measure CSI for currently used resources or to measure CSI for resources that may be used in the future

· How to transmit CSI-RS

· Multiplexed with PSSCH or not

· How to carrier CSI feedback

· Via PSSCH or other control channel
Issue 10: Other issues
Other issues discussed in the submitted contributions include the following:

· Introduction of PT-RS [14]
· Two-stage SCI [20][28]
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Appendix: Previous agreements
Agreements in RAN1 #94

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
· 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:
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Agreements in RAN1#94bis 

Agreements:

· 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
Continue discussion on the wavefom till next meeting – companies are encouraged to perform more analysis/evaluations.

Agreements:

For PSCCH and associated PSSCH multiplexing

· 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
R1-1812017
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

