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1. Introduction

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

· Issue 1-1: Whether to support DFT-S-OFDM in NR sidelink on top of supporting CP-OFDM
· Company’s proposal: Do not support DFT-S-OFDM for NR sidelink [Huawei, HiSilicon, 1] [vivo, 2] [MediaTek Inc., 3] [AT&T, 6] [LG Electronics, 7] [Samsung, 13] [Intel Corporation, 16] [Nokia, Nokia Shanghai Bell, 19] [NTT DOCOMO, INC., 25] [ITL, 26] [Ericsson, 29] (11 companies)

· Rationale:
1) Increased implementation complexity for reception [Huawei, HiSilicon, 1] [vivo, 2] [ITL, 26]
2) Increased processing complexity to detect the waveform [Huawei, HiSilicon, 1] [ITL, 26]
3) Sufficient link budget for CP-OFDM [vivo, 2] [Ericsson, 29] 
4) Increased specification effort [MediaTek Inc., 3] [AT&T, 6] [LG Electronics, 7] [Nokia, Nokia Shanghai Bell, 19]
5) Low PAPR advantage of DFT-s-OFDM compared to CP-OFDM is no longer present in PSCCH/PSSCH multiplexing option 3 [Huawei, HiSilicon, 1] [LG Electronics, 7] [Intel Corporation, 16] 
6) Small PAPR penalty of CP-OFDM.is compensated by repetition [Huawei, HiSilicon, 1] 
7) Short PSCCH design is problematic in DFT-s-OFDM due to lack of the number of symbols for multiplexing of RS and data in PSCCH/PSSCH multiplexing option 1B [LG Electronics, 7] 
8) Channel estimation is likely to be penalized for high speed scenarios due to vertical DMRS structure [Intel Corporation, 16] 
9) Resource fragmentation [LG Electronics, 7] 
10) Limited time budget [NTT DOCOMO, INC., 25] 
· Company’s proposal: Support DFT-S-OFDM in addition to CP-OFDM for NR sidelink [Mitsubishi Electric RCE, 4] [CATT, 9] [ZTE, Sanechips, 10] [OPPO, 14] [ETRI, 15] [InterDigital, Inc., 20] [Qualcomm Incorporated, 28] (7 companies)
· Rationale:

1) Better link budget performance than CP-OFDM [Mitsubishi Electric RCE, 4] [CATT, 9] [OPPO, 14] [ETRI, 15] [InterDigital, Inc., 20] [Qualcomm Incorporated, 28]  
2) To support various requirements in terms of throughput, coverage, reliability, latency [Mitsubishi Electric RCE, 4] [ETRI, 15] [InterDigital, Inc., 20] [Qualcomm Incorporated, 28] 
3) No significant reason to restrict the available types of waveform on sidelink [ZTE, Sanechips, 10] 
4) Enhancement of PSCCH detection performance for NACK only feedback mechanism for groupcast [OPPO, 14] 
Observation
· For discussion on waveform of NR sidelink, following options are proposed:

· Support CP-OFDM only

· Support DFT-S-OFDM in addition to CP-OFDM
· More companies support CP-OFDM is the only waveform for NR sidelink.

· It is observed that DFT-S-OFDM provides better link budget in some simulation results while some companies argue that such link budget gain is not necessary in NR V2X. Meanwhile, to support DFT-S-OFDM, several companies mentioned that there are issues on UE complexity and specification effort. 

Agreements:

· Rel-16 NR sidelink supports CP-OFDM only.

Issue 2: CP length 

· Issue 2-1: CP length in FR2

· Company’s proposal: Support normal CP for 60 kHz, 120 kHz, and ECP for 60 kHz in FR2 [LG Electronics, 7] [Nokia, Nokia Shanghai Bell, 19] [Ericsson, 29]
· Rationale:

1) Support same set of numerologies supported in NR Uu link for FR2 [LG Electronics, 7]
Observation
· Companies support normal CP for 60 kHz, 120 kHz, and ECP for 60 kHz (same set of numerologies in NR Uu link) in FR2.
Agreements:

· For PSCCH/PSSCH in FR2, NR V2X supports normal CP for 60 kHz, 120 kHz, and extended CP for 60 kHz.

· Note: it is understood that PSFCH follows the same CP as PSCCH/PSSCH

Issue 3: BWP
· Issue 3-1: Switching latency between SL BWP and Uu BWP

· Company’s proposal [vivo, 2]
· The activation timing of SL BWP is the same as that of indicated UL BWP.
· Company’s proposal [LG Electronics, 7]
· UE is not expected to have switching latency between SL BWP and active Uu BWP(s) in the same carrier at a given time.
· Company’s proposal [ZTE, Sanechips, 10]
· RAN1 acknowledges the potential impact of BWP switching and leaves the detailed solution impacts to V2X work item.
· Company’s proposal [Panasonic, 12]
· SL BWP and Uu BWP are independently (pre)configured in a carrier of licensed band and not necessary to restrict SL BWP is always within Uu BWP. The network can configure two BWPs which do not cause or minimize BWP switching delay. UE is allowed to implement constant RF reception/transmission bandwidth over two BWPs.
· Company’s proposal [Spreadtrum Communications, 24]
· In the same carrier case, for RRC-CONNECTED and RRC-IDLE V2X UE, for the relation of the SL BWP and UL BWP, the following two alternatives should be further studied: 

· Alternative 1 No Switching delay exists between the SL BWP and UL active BWP switching.

· Alternative 2 Switching delay exists between the SL BWP and UL active BWP switching.
· Issue 3-2: Operations in same/different numerology between SL BWP and Uu BWP

· Company’s proposal [Huawei, HiSilicon, 1] 
· Simultaneous transmission on UL BWP and SL BWP in a carrier is supported for a UE when the same numerology is used for both BWPs.
· Company’s proposal [vivo, 2]
· If SL BWP and UL BWP are not configured with the following conditions, UE should deactivate SL BWP. 

· The numerologies of SL BWP and UL BWP are the same. 

· The SL BWP and UL BWP are confined in the UE Tx RF bandwidth.
· Company’s proposal [LG Electronics, 7]
· UE assumes that SL TX/RX operation is deactivated when it switches to initial Uu BWP of which numerology is different from SL BWP.
· Company’s proposal [OPPO, 14]
· UE is not expected to use different numerology in the configured SL BWP and active DL BWP in the same carrier at a given time

· If the numerologies of SL BWP and Uu BWP are different, BWP switching is necessary. The effect of switching time should be considered and minimized.
· Company’s proposal [Qualcomm Incorporated, 28]
· Whenever UL and DL BWP have same numerology, UE can expect to have same numerology used in SL BWP and active DL BWP
Observation
· Companies discussed switching delay and numerology alignment between SL BWP and Uu BWP where Uu BWP can include DL BWP, UL BWP, and the initial BWP.
Proposal for conclusion:

· RAN1 to discuss further switching latency and numerology alignment between SL BWP and Uu BWP in the WI phase.
Issue 4: Resource pool

· Issue 4-1: Time domain resources granularity of resource pool for PSSCH
· Company’s proposal: Support symbol-level [ZTE, Sanechips, 10] [NEC, 22] [OPPO, 14] (3 companies)
· Rationale:

1) Same as basis of resource allocation on Uu [ZTE, Sanechips, 10] [NEC, 22]
2) If NR-V2X is deployed on shared carrier [OPPO, 14] 
· Company’s proposal: Support slot-level [Samsung, 13] [OPPO, 14] [Intel Corporation, 16] [Sony, 17] [InterDigital, Inc., 20] [Qualcomm Incorporated, 28] [Ericsson, 29] (7 companies)
· Rationale:

1) Scheduling and configuration flexibility [Samsung, 13]
2) If NR-V2X is deployed on dedicated carrier [OPPO, 14]
3) Similar to LTE-V2X [Intel Corporation, 16] [Sony, 17] 
4) Complicated sidelink design of symbol-level granularity [InterDigital, Inc., 20] [Qualcomm Incorporated, 28] 
5) Up to (pre-)configuration with minimum scale of slot-level [Ericsson, 29] 
· Issue 4-2: Frequency domain resources of resource pool for PSSCH
· Option 1: Resource pool always consisting of contiguous PRBs [Huawei, HiSilicon, 1] [ZTE, Sanechips, 10] [Lenovo, Motorola Mobility, 11] [Panasonic, 12] [Intel Corporation, 16] [Nokia, Nokia Shanghai Bell, 19] [InterDigital, Inc., 20] [Qualcomm Incorporated, 28] (8 companies)
· Rationale:
1) Suffer strong interference (e.g., In-Band Emission) in non-contiguous PRBs [Huawei, HiSilicon, 1] [Nokia, Nokia Shanghai Bell, 19] 
2) Simplify configuration [ZTE, Sanechips, 10] [InterDigital, Inc., 20] 
3) Avoid potential resource fragmentation [Lenovo, Motorola Mobility, 11] 
4) Option 1 is adopted in LTE V2X [Panasonic, 12] 
5) Option 2 can be covered by allocating multiple resource pools with Option 1 [Intel Corporation, 16] 
6) Degraded system performance due to non-contiguous PRBs [Qualcomm Incorporated, 28] 
· Option 2: Resource pool can consist of non-contiguous PRBs [vivo, 2] [LG Electronics, 7] [OPPO, 14] [Sony, 17] [NEC, 22] (5 companies)
· Rationale:

1) Flexibility [vivo, 2] [OPPO, 14] 
2) Increment of resource utilization efficiency [LG Electronics, 7] 
3) At least necessary for PSCCH/PSSCH multiplexing option 2 and 3 [Sony, 17] 
4) Support CP-OFDM in NR sidelink [NEC, 22] 
· Issue 4-3: Others

· Company’s proposal [Huawei, HiSilicon, 1] 
· Common resource pools (at least for broadcast communication) and UE-dedicated resource pools (for any type of transmission) can be configured
· Define slot formats which support sidelink-only slots and sidelink-Uu multiplexing within a slot
· Company’s proposal [vivo, 2] 
· Dedicated resource pools for control and data respectively should be supported for NR sidelink.
· Company’s proposal [Fraunhofer HHI, Fraunhofer IIS, 5] 
· Study the configuration of resource pools based on different defined criteria

· Company’s proposal [Fujitsu, 8] 
· Multiple resource pools can be (pre)configured within the BWP of a particular UE
· Company’s proposal [ZTE, Sanechips, 10] 
· A common sidelink resource pool configuration scheme should be defined for both PSCCH/PSSCH multiplexing option 1B and option 3

· Multiple resource pools can be configured within a BWP

· Company’s proposal [Samsung, 13] 
· Discuss whether logical or physical slot indexing is used in NR V2X sidelink

· Company’s proposal [OPPO, 14]
· Multiple resource pools can be configured within a SL BWP

Observation
· Companies discussed the time domain granularity of the resource pool and the contiguity in the frequency domain.

· The feature lead is of the opinion that the time domain granularity can have important impact on the physical channel design while the frequency domain issue is more related to the high layer signalling issue.
Agreements:

· For the operation regarding PSSCH, a UE performs either transmission or reception in a slot on a carrier.

· NR sidelink supports for a UE:

· A case where all the symbols in a slot are available for sidelink.
· Another case where only a subset of consecutive symbols in a slot is available for sidelink

· Note: this case is not intended to be used for the ITS spectra, if there is no forward-compatibility issue. Finalize in the WI phase whether there is such an issue or not

· The subset is NOT dynamically indicated to the UE

· FFS the supported slot configuration(s)

· FFS whether/how to operate it in partial coverage scenarios

Issue 5: PSCCH / PSSCH multiplexing
· Note that Option 3 is already made as working assumption for PSCCH/PSSCH multiplexing
· Issue 5-1: Options to be supported

· Option 1A (Support: [Lenovo, Motorola Mobility, 11] (1 company) / Not support: [CATT, 9] [Intel Corporation, 16] [Spreadtrum Communications, 24] (3 companies))
· Pros
· Cross- and multiple-slot scheduling is possible [Lenovo, Motorola Mobility, 11] 
· Small latency [Nokia, Nokia Shanghai Bell, 19] 
· Small size of indication for PSSCH allocation in frequency domain [Qualcomm Incorporated, 28]
· Cons

· Scheduling restriction on PSSCH allocation [Intel Corporation, 16] [Spreadtrum Communications, 24] [Qualcomm Incorporated, 28]
· Variable SA frequency resource is challengeable for blind detection [CATT, 9] [Qualcomm Incorporated, 28] 
· Sensing complexity increases [Spreadtrum Communications, 24] 
· Option 1B (Support: [vivo, 2] [LG Electronics, 7] [ZTE, Sanechips, 10] [Panasonic, 12] [OPPO, 14] [Intel Corporation, 16] (6 companies) / Not support: [ITL, 26] [Qualcomm Incorporated, 28] (2 companies))
· Pros

· common design for cross slot scheduling between PSCCH and PSSCH [vivo, 2] [OPPO, 14] [Intel Corporation, 16] 
· Facilitate short-term sensing and support aperiodic traffic [OPPO, 14] 
· Coverage enhancement [LG Electronics, 7] 
· Simpler or reuse design of front-loaded DMRS in PSSCH [Panasonic, 12] 
· No need to same number of layer/rank and MIMO scheme between PSCCH/PSSCH [Panasonic, 12] 
· No power sharing issue [ZTE, Sanechips, 10] 
· Cons

· Transient period between PSCCH and PSSCH is needed [ITL, 26] [Qualcomm Incorporated, 28] 
· Option 2 (Support: [vivo, 2] [Nokia, Nokia Shanghai Bell, 19] [InterDigital, Inc., 20] (3 companies) / Not support: [Spreadtrum Communications, 24] (1 company))
· Pros
· High coverage and higher reliability of PSCCH [vivo, 2] [Nokia, Nokia Shanghai Bell, 19] [Qualcomm Incorporated, 28] 
· Cons

· Large latency [Spreadtrum Communications, 24] 
· Constraints on PSCCH precoding/antenna virtualization [Qualcomm Incorporated, 28] 
· Issue 5-2: Others

· Company’s proposal [Huawei, HiSilicon, 1]
· The duration of PSCCH can be set to all OFDM symbols in option 3
· PSCCH decoding starts from the symbol immediately following the AGC symbol

· PSCCH decoding starts from the lowest RB index of a subchannel

· Company’s proposal [LG Electronics, 7] 
· The frequency location of PSCCH can be associated with the frequency location of the associated PSSCH.
· Company’s proposal [ZTE, Sanechips, 10] 
· For option 3, PSCCH and PSSCH should start on the first symbol assigned for sidelink within a slot.

· In PSCCH/PSSCH multiplexing option 3, the RB’s of PSCCH is contained inside RB’s of PSSCH.

1) Case 1:  The starting RB indices of the both channels have to be the same.

2) Case 2:  The starting RB indices of the both channels can be different.

· For option 1B, PSCCH should be multiplexed with PSSCH on different symbols within one slot.

· Company’s proposal [Panasonic, 12]
· Option 3 is limited to rank 1 for both PSCCH and PSSCH. Option 1B supports spatial multiplexing for PSSCH while PSCCH is limited to rank 1 as well.
· Company’s proposal [Intel Corporation, 16] 
· In Option 3, partial overlap of PSCCH and PSSCH in the same OFDM symbols is not supported

Observation
· Majority companies do not support Option 1A. Next, it seems that majority companies support Option 1B. However, some companies argue that transient period may be necessary between PSCCH and PSSCH. Regarding Option 2, limited support was observed and there was a comment regarding the necessity of coverage enhancement at the expense of large latency. 
Proposal for agreement (discussed online): 
· For PSCCH/PSSCH multiplexing
· Working assumption: Option 1B is supported.
· Option 1B design will not assume transient period between PSCCH and PSSCH symbols. Confirmation of this working assumption will be based on the RAN4 LS regarding the need of transient period between PSCCH and PSSCH symbols.
Issue 6: PSCCH
· Issue 6-1: SCI format
· Company’s proposal: multiple SCI formats are carried by PSCCH [Huawei, HiSilicon, 1] [MediaTek Inc., 3] [AT&T, 6] [LG Electronics, 7] [OPPO, 14] [Nokia, Nokia Shanghai Bell, 19] [InterDigital, Inc., 20] [Spreadtrum Communications, 24] [Ericsson, 29] (9 companies)
· Rationale:

· To enable flexible and efficient sidelink transmission [MediaTek Inc., 3] [AT&T, 6] [LG Electronics, 7] [Nokia, Nokia Shanghai Bell, 19] [InterDigital, Inc., 20] [Spreadtrum Communications, 24] 
· The large discrepancy in terms of bit size (e.g., to support of transmission with or without feedback) [Huawei, HiSilicon, 1] [Ericsson, 29]
Observation
· Majority companies supported multiple SCI formats, so it can be the basis in further PSCCH design.

Proposal for agreement: 
· For SCI design, consider following options:
· Option 1: Single SCI format size per a resource pool, but SCI format size can be different across resource pools

· FFS: Single or multiple SCI format with different set of fields

· Option 2: Multiple SCI format sizes per a resource pool 

· FFS: How to utilize different SCI format size in a resource pool (e.g. 2-step SCI, multiplexing sidelink transmission with different characteristics such as MIMO scheme, HARQ-ACK feedback scheme, etc.)

· For down-selection, following aspects are investigated:

· Blind decoding complexity

· Detection performance of SCI

· Issue 6-2: Blind decoding number and location
· Company’s proposal: Fixed or (pre-)configured size (time/frequency) and/or location [Huawei, HiSilicon, 1] [LG Electronics, 7] [ZTE, Sanechips, 10] [OPPO, 14] (4 companies)
· Rationale:

· To reduce blind decode complexity [Huawei, HiSilicon, 1] [LG Electronics, 7] [ZTE, Sanechips, 10] [OPPO, 14]
· Company’s proposal: Support 2-stage SCI; one for anonymous UE(s), and the other for dedicated UE [MediaTek Inc., 3] [Fraunhofer HHI, Fraunhofer IIS, 5] [Lenovo, Motorola Mobility, 11] [Panasonic, 12] [InterDigital, Inc., 20] [Spreadtrum Communications, 24] [Ericsson, 29] (7 companies)  
· Rationale:

1) To support multiple SCI format with different size with acceptable BD complexity [MediaTek Inc., 3] [ETRI, 15] [InterDigital, Inc., 20] [Ericsson, 29] 
2) Pre-emptive reservation, announcement of resource pool by group leader, coexistence between in- and out-of-coverage UE [Fraunhofer HHI, Fraunhofer IIS, 5]
3) Contents of SCI related to data decoding part of unicast and groupcast data need not be decoded by other UEs [Lenovo, Motorola Mobility, 11]
4) Considering compromised solution for combining option 1B and option 3 [Panasonic, 12]
5) High coverage requirement can be fulfilled using 2 stage SCI design [Ericsson, 29]
Observation
· Several companies supported “2-stage SCI” and this has an impact on the PSCCH design.

Proposals:
· RAN1 has studied the following proposal, and has concluded that it may be beneficial if the size of control information for groupcast and/or unicast
· can vary substantially, or
· is sufficiently larger than the size of control information for broadcast:
· For decoding a PSSCH, 
· A UE receives an SCI decoded/detected by all the UEs:

· This SCI includes at least the following:
· Information necessary to receive the other SCI described below (if/when needed).
· All the information necessary to receive broadcast transmissions.
· Information used for sensing
· FFS other information
· This SCI is received based on blind detection/decoding.
· FFS if this SCI is sent in PSCCH or an RS

· The UE may receive another SCI carries the remaining information to be decoded only the target UEs.

· Receiving this SCI does not require blind detection/decoding.

· FFS if this SCI is sent in PSCCH or PSSCH
Proposals:

· It is supported that a UE decodes a single SCI to receive a PSSCH

· Can still discuss in the WI phase whether or not to additionally support 2-stage SCI

Proposed 2-stage SCI description:

· 1st-stage SCI carries the information at least for sensing and broadcast communication to be decoded by any UE. 
· 1st-stage SCI is carried in PSCCH with the single payload size for unicast/groupcast/broadcast and the fixed resource size.
· FFS: the information to be carried.
· 2nd-stage SCI carries the remaining information to be decoded only the target UEs. 
· Information to decode 2nd-stage SCI is derived based on information carried in 1st–stage SCI.

· FFS: How to carry 2nd-stage SCI in physical channel, e.g., Polar coding based 2nd-stage SCI using the time/frequency resources for PSSCH.

· FFS: whether 2nd-stage SCI is present for broadcast communication
· Issue 6-3: Which information is conveyed on PSCCH other than SCI for PSSCH reception

· Company’s proposal: 
· Information related to reserved resources [Huawei, HiSilicon, 1] [Intel Corporation, 16]
· Resource allocation for transmission of another UE [AT&T, 6]
· Issue 6-4: Transmission scheme for PSCCH

· Company’s proposal: single-port transmission with transparent TxD scheme [Samsung, 13] [Intel Corporation, 16] [Qualcomm Incorporated, 28] (3 companies)
· Rationale:
1) Consider NR PDCCH as baseline [Samsung, 13] [Intel Corporation, 16] [Qualcomm Incorporated, 28]
· Company’s proposal: multi-port transmission [vivo, 2] (1 company)
· Rationale:
1) Better link budget performance [vivo, 2]
Observation
· More companies support single-port transmission for PSCCH by taking NR PDCCH as the baseline.
Proposal for agreement: 
· Support single-port transmission with transparent TxD for PSCCH considering NR PDCCH as baseline

Issue 7: Feedback channel
· Issue 7-1: PSFCH format structure for HARQ feedback
· Company’s proposal: Reuse sequence-based HARQ feedback (NR PUCCH format 0/1) [LG Electronics, 7] [Fujitsu, 8] [CATT, 9] [Samsung, 13] [OPPO, 14] [Nokia, Nokia Shanghai Bell, 19] [Spreadtrum Communications, 24] [ITL, 26] [Ericsson, 29] (9 companies) 
· Rationale:

1) Sequences are good enough to be orthogonal [CATT, 9] 
2) Small specification effort [LG Electronics, 7][Spreadtrum Communications, 24] [ITL, 26] 
3) Reduce UE/gNB processing time [Samsung, 13]
4) To increase spectral efficiency [Nokia, Nokia Shanghai Bell, 19]
5) Reduced overhead and complexity [LG Electronics, 7][8][Ericsson, 29]
Observation
· Most companies seem to support reusing sequence-based HARQ feedback as in NR PUCCH format 0/1.
Proposal for agreement: 
· For CSI reporting from RX UE to TX UE,
· Alt 1: PSSCH
· E///, LGE, MediaTek, QC, Intel (if supported), Samsung, NEC, Hepta, IDC, ITL, CATT (if supported), Convida, vivo, Mitsubishi, Fujitsu, 
· Alt 2: PSFCH

· Huawei, IDC, Hepta, Samsung, ITL, NEC, DOCOMO, Convida, Fijutsu

· NR sidelink supports sequence-based HARQ feedback similar to NR PUCCH format 0/1 for PSFCH format structure.
· Issue 7-2: Time resource for PSFCH for HARQ feedback
· Using last symbol(s) of slot (Support: [Huawei, HiSilicon, 1] [MediaTek Inc., 3] [LG Electronics, 7] [Fujitsu, 8] [Samsung, 13] [Intel Corporation, 16] [InterDigital, Inc., 20] [Spreadtrum Communications, 24] [NTT DOCOMO, INC., 25] (9 companies))

· Pros

1) To allow a fast feedback [Huawei, HiSilicon, 1] [MediaTek Inc., 3] [LG Electronics, 7]
· Using all symbols of slot (Support: [Huawei, HiSilicon, 1] [Fujitsu, 8] [Intel Corporation, 16] [Nokia, Nokia Shanghai Bell, 19] [InterDigital, Inc., 20] [Spreadtrum Communications, 24] (6 companies / Not support [LG Electronics, 7] [OPPO, 14] [Samsung, 30] (3 companies))
· Pros

1) better resource utilization efficiency [Huawei, HiSilicon, 1]
2) AGC impact [Nokia, Nokia Shanghai Bell, 19]
· Cons

1) As long as PSFCH coverage is comparable to PSCCH, there is no strong motivation to introduce long PSFCH at all. long PSFCH uses more symbols than short PSFCH and it will make half-duplexing problem in NR V2X severer [Samsung, 30]

Observation
· Most companies seem to support PSFCH format using the last symbol(s) in a slot for HARQ feedback. There are companies also supporting a format using all the symbols of a slot but several companies questioned its necessity.

Agreements:

· At least for sidelink HARQ feedback, NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot.
· Issue 7-3: Others

· Company’s proposal [LG Electronics, 7]
· At least for unicast, feedback information other than SL HARQ (e.g., long-term channel quality measurement) is conveyed via PSSCH.
· If SL transmission with PSFCH and SL transmission without PSFCH are allowed to be multiplexed in the same pool, at least the following issues need to be further studied.
1) How to reduce additional AGC during PSSCH reception 

2) Collision avoidance between PSSCH and PSFCH
· Company’s proposal [Fujitsu, 8]

· PSFCH alignment within a slot can be considered to alleviate the potential AGC impact from PSFCH
· Company’s proposal [CATT, 9]
· PSFCH for HARQ feedback should be transmitted at the end of a slot.
· Company’s proposal  [OPPO, 14]
· SL feedback with larger payload, such as CSI etc, can be conveyed via PSSCH.
· Company’s proposal [NTT DOCOMO, INC., 25] 
· If flexible PSFCH resource indication is supported for transmission mode 1 (e.g. the resource is indicated by SCI), and/or if SL-CSI can be reported on PSFCH, both short and long PSFCH formats are supported; otherwise only short PSFCH format is supported.

· For PSFCH formats, PUCCH formats in NR-Uu are starting point with some modification to support only CP-OFDM
· Company’s proposal [ITL, 26] 
· SL CSI can be sent via PSSCH rather than PSFCH
· Company’s proposal [ASUSTEK COMPUTER (SHANGHAI), 27] 
· RAN1 study the impact on multiplexing between PSCCH/PSSCH and PSFCH when determining time domain resource for PSFCH.

· Company’s proposal [Ericsson, 29]
· NR SL supports sequence-based HARQ feedback, for both TB-based and CBG-based cases.
· PSFCH is transmitted at the end of a slot

Issue 8: AGC/switching period handling

· Issue 8-1: Whether to support AGC training signal

· Company’s proposal: Support AGC training signal [MediaTek Inc., 3]
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[CATT, 9] (2 companies)
· Rationale:

1) Reduced AGC settling time [MediaTek Inc., 3]
2) In higher SCS, the duration of symbol becomes shorter and one OFDM symbol length might not be enough for AGC training [CATT, 9]
3) Could be used for AGC training, channel tracking, along with DMRS for channel estimation, and CSI acquisition [CATT, 9]
4) Channel clearance detection for LBT [CATT, 9]
· Company’s proposal: No support AGC training signal [Huawei, HiSilicon, 1] [LG Electronics, 7] [OPPO, 14] [Qualcomm Incorporated, 28] [Ericsson, 29]  (5 companies)
· Rationale:

1) The same principle as LTE-V can be used [Huawei, HiSilicon, 1]
2) AGC retraining is not always needed [LG Electronics, 7] [Qualcomm Incorporated, 28] 
3) High required density of DMRS and presence of AGC and guard period [Ericsson, 29] 
Observation
· Handing of AGC still needs RAN4 feedback and the details can be discussed based on it.
Proposal for agreement: 
· For AGC symbol, consider following options for data and/or RS mapping based on RAN4 LS on the AGC time.

· Option 1: NR sidelink channels are mapped without consideration of AGC symbol

· Option 2: Comb-like resource mapping is applied

· Option 2-1: For PSCCH/PSSCH, data is mapped on AGC symbol

· Option 2-2: For PSCCH/PSSCH, DMRS is mapped on AGC symbol

· Option 3: NR sidelink channels are not mapped

· Option 3-1: Preamble is mapped on AGC symbol

· Option 3-2: RS other than DMRS is mapped on AGC symbol

· Issue 8-2: Others
· Company’s proposal [Fujitsu, 8] 
· CSI-RS symbols can be placed at the beginning of a slot and also serve as AGC training signals.
· Company’s proposal [LG Electronics, 7]  
· Comb-like resource mapping on the first and last OFDM symbol can be supported in NR-V2X.
· Company’s proposal [LG Electronics, 7] [Xiaomi Communications, 23] [ITL, 26]
· The guard period and AGC protection can be integrated in a single symbol to reduce the overhead.

· Company’s proposal [Samsung, 13]

· Preamble for AGC is transparent to receiving UEs.
· Company’s proposal [ITL, 26] 
· It can be considered to adopt merging AGC/Tx-Rx switching in one OFDM symbol or LTE-V2X-like way
Issue 9: DMRS design
· Issue 9-1: DMRS pattern in time domain for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing

· Views supporting DMRS pattern selection based on subcarrier spacing
1) DMRS pattern should be selected based on the subcarrier spacing (UE speed for unicast and groupcast) [CATT, 9]
2) larger SCS may prefer a lower DMRS density in time domain [Ericsson, 29]
· FFS: Single or multiple DMRS pattern(s) per a resource pool

· Views supporting multiple DMRS pattern in a resource pool
1) multiple DMRS patterns are configured for a resource pool [vivo, 2]
2) Support multiple time-domain DM-RS patterns for each subcarrier spacing and resource pool. [Mitsubishi Electric RCE, 4]
3) Multiple DMRS patterns should be supported in one resource pool [NEC, 22]
· Select the appropriate DMRS pattern dynamically according to instant channel status
4) multiple DMRS time patterns are supported for the resource pool, the dynamic indication of DMRS time pattern by SCI [Nokia, Nokia Shanghai Bell, 19]
5) Multiple DMRS pattern should be allowed per resource pool. UEs can select optimal DMRS pattern based on 
· UE speed, communication types and operation frequency range [Sony, 17] 
· UE speed and MCS [Qualcomm Incorporated, 28] 

· UE speed and subcarrier spacing [CATT, 9]
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH

· Company views
1) DMRS pattern of PSSCH can be indicated in PSCCH/SCI [Mitsubishi Electric RCE, 4] [LG Electronics, 7] [OPPO, 14][Nokia, Nokia Shanghai Bell, 19][InterDigital, Inc., 20] [NEC, 22]
· FFS: RE mapping, sequence generation

· Company views
1) Physical layer ID is used for randomization of scrambling code and DMRS generation [Samsung, 13]
Observation
· Majority company support allowing multiple time patterns for PSSCH DMRS in a resource pool and the selected pattern is indicated in SCI.
Proposal for agreement: 
· NR sidelink allows multiple time patterns for PSSCH DMRS in a resource pool. The pattern selected for a certain PSSCH transmission is indicated in SCI.
· FFS how the selection is made.
· Issue 9-2: DMRS pattern in frequency domain for PSSCH
· Whether multiple patterns are supported
· Company’s proposal: Multiple DMRS pattern in frequency is supported for PSSCH [vivo, 2] [Mitsubishi Electric RCE, 4] [CATT, 9] (3 companies)
· Rationale:

1) UE can adaptively improve resource utilization or performance according to the situation [vivo, 2] [CATT, 9]
2) RB-combing for frequency-domain reduced density patterns [Mitsubishi Electric RCE, 4]
· Company’s proposal: Fixed DMRS pattern in frequency is supported for PSSCH [LG Electronics, 7] [OPPO, 14] [Intel Corporation, 16] (3 companies)
· Rationale:

1) Optimized DMRS pattern can be used to reduce overhead [Intel Corporation, 16]
· Whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused
· Company’s proposal: Support DMRS configuration 1 [LG Electronics, 7] [Nokia, Nokia Shanghai Bell, 19] [InterDigital, Inc., 20] [Ericsson, 29] (4 companies)
· Rationale:

1) Number of antenna ports will be limited (e.g. up to 2) and MU-MIMO is not a main target [LG Electronics, 7] [Ericsson, 29]
2) Better performance over Type 2 [InterDigital, Inc., 20]
3) accurate channel estimation especially for the channels/scenarios with relatively large channel delay [Nokia, Nokia Shanghai Bell, 19]
4) enough DMRS elements are needed to enable sufficient performance in the low SNR regime [Nokia, Nokia Shanghai Bell, 19]
· Company’s proposal: Support DMRS configuration 2 [Mitsubishi Electric RCE, 4] [NEC, 22] (2 companies)
· Rationale:

1) Lower overhead [Mitsubishi Electric RCE, 4] [NEC, 22]
· Company’s proposal: Support both DMRS configurations [Huawei, HiSilicon, 1] (1 company)
· Rationale:

1) Type-1 DMRS is configured at least for 60 kHz / Type-2 DMRS is configured at least for 15kHz and 30kHz [Huawei, HiSilicon, 1] 
Observation
· No majority view was observed regarding the frequency domain PSSCH DMRS pattern.
· Issue 9-3: Others
· Company’s proposal [Huawei, HiSilicon, 1]
· The PSFCH DMRS is based on the design of DMRS in NR Uu PDCCH, with consideration of some simplifications and modifications.
· Company’s proposal [Mitsubishi Electric RCE, 4]
· For PSSCH DM-RS, support time domain patterns with 1, 2, 3 and 4 DM-RS per slot

1) FFS maximum number of DM-RS for each slot length

2) FFS exact positions

3) FFS potential further restrictions based on SCS and/or MCS. 
· Company’s proposal [OPPO, 14]
· DMRS pattern of PSCCH can be numerology or resource pool specific
· Company’s proposal [Intel Corporation, 16]
· NR V2X PSSCH/PSCCH sidelink physical structure and DMRS take into account benefits of multiple decoding attempts for sidelink transmissions collided on the same resources:

1) DMRS patterns should avoid collisions with control or data transmissions

2) PSSCH DMRS sequence generation is randomized based on SCI payload/content (e.g. source and/or destination ID, resource allocation information or other fields) can be used for DMRS sequence randomization

· FFS if dedicated fields are introduced to SCI to randomize DMRS sequence generation or selection of DMRS parameters

3) Use of UE location information to generate sidelink DMRS

· Company’s proposal [Nokia, Nokia Shanghai Bell, 19]
· Support multiple orthogonal DMRS patterns in frequency to suppress the potential colliding interference.
· Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.
· Company’s proposal [NEC, 22]
· In Option 3, DMRS for PSSCH part with mapping type A and PSSCH part mapping type B should be inserted separately.
· Company’s proposal [Xiaomi Communications, 23] 
· 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).
· Better PSCCH demodulation performance can be achieved by removing DMRS symbols in PSCCH and using PSSCH DMRS to demodulate PSCCH.
· Company’s proposal [ITL, 26] 
· Common design for PSCCH DMRS and PSSCH DMRS should be further studied
Issue 10: Measurement RS
· Issue 10-1: Whether to support CSI-RS

· Company’s proposal: Support CSI-RS [Huawei, HiSilicon, 1] [Fujitsu, 8] [OPPO, 14] [HEPTA 7291, 21] [NTT DOCOMO, INC., 25] [Qualcomm Incorporated, 28] [Ericsson, 29] (7 companies)
· Rationale:

1) Channel estimation to provide better spectrum efficiency [Huawei, HiSilicon, 1] [Fujitsu, 8] [OPPO, 14] [HEPTA 7291, 21] [NTT DOCOMO, INC., 25] [Qualcomm Incorporated, 28] [Ericsson, 29]
· Company’s proposal: No support CSI-RS [Intel Corporation, 16] (1 company)
· Rationale:

1) Sufficient performance can be achieved using DMRS [Intel Corporation, 16] 
Observation

· Majority companies support CSI-RS for NR sidelink. 
Proposal for agreement:
· Decide whether to support CSI-RS based on the progress in 7.2.4.1.2

· Issue 10-2: Whether to support PT-RS in FR1
· Company’s proposal: Support PT-RS in FR1 [InterDigital, Inc., 20]
· Rationale:

1) For Doppler frequency estimation 
· Company’s proposal: Not support PT-RS in FR1 [Huawei, HiSilicon, 1]
· Rationale:

1) high density in both time domain and frequency domain and TRS can also be configured in FR1 
· Issue 10-3: Others
· Company’s proposal [Mitsubishi Electric RCE, 4]
· Sidelink PT-RS time-domain pattern in FR2 reuses the NR PT-RS time-domain pattern and configuration (time-domain densities, MCS dependency, and dependency on time-domain DM-RS positions).
· Further investigate if the NR PT-RS frequency-domain densities cope with sidelink V2X phase error effects (including Doppler, CFO, phase noise)
· If multiple sidelink frequency-domain densities are supported, reuse the NR frequency domain PT-RS density selection and configuration mechanism.
· Company’s proposal [LG Electronics, 7]
· PT-RS pattern used for PSSCH can be indicated via PSCCH or (pre)configuration
· Company’s proposal [OPPO, 14]
· SL CSI-RS can be transmitted either with or without data 
· Company’s proposal [NTT DOCOMO, INC., 25] 
· Support both periodic and aperiodic RS for CSI measurement 
Issue 11: Others
· Issue 11-1: Whether to support PSDCH
· Company’s proposal: Design a sidelink discovery message and procedure, and a physical sidelink discovery channel (PSDCH) for NR V2X [Huawei, HiSilicon, 1]
· Rationale:

1) Unicast and groupcast modes require the transmitting and receiving UEs to be aware of each other’s presence
· Company’s proposal: Physical channel for SL discovery is not separately designed [MediaTek Inc., 3][LG Electronics, 7] [OPPO, 14] [Nokia, Nokia Shanghai Bell, 19][Spreadtrum Communications, 24][Ericsson, 29]
· Rationale:

1) Increases complexity of implementation, specification impact, standardization effort and unnecessary cost [MediaTek Inc., 3][Spreadtrum Communications, 24]
2) It is stated that there is no discovery channel like that of ProSe (i.e., PC5-D) in TR 23.786 [LG Electronics, 7]
3) Mechanisms for discovery can probably be left to higher layers [Nokia, Nokia Shanghai Bell, 19]
4) PSSCH can be reused for carrying NR sidelink discovery messages [Ericsson, 29]
Observation

· It is the majority view that physical channel for SL discovery is not separately designed. 
Agreements:

· RAN1 concludes that no additional physical channel needs to be defined for the purpose of discovery in Rel-16.
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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
Agreements in RAN1#95 

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.
Send an LS to RAN4 to ask the following for options 1A/1B/3 (adding details of 1A/1B/3 in the LS) – R1-1814089, which is endorsed with the following updates:

· Fixing email address

· “identified” to “are studying”

Final LS in R1-1814165
Working assumption:

· For RAN1 evaluation purpose only, until RAN4 response on AGC and switching time, it is assumed that one symbol is used for AGC and another one symbol is used for TX/RX switching.

Note: TX/RX switching includes transition in the power amplifier.

Agreements in RAN1AH-1901
Conclusion: 

· No extended CP is supported for 30 kHz in FR1 in Rel-16

· No extended CP is supported for 120 kHz in FR2 in Rel-16

Agreements:

· Confirm the working assumption
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE

Agreements:

· Configuration for SL BWP is separated from Uu BWP configuration signalling.

· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.

· FFS the time scale

· FFS relation to DL BWP including initial Uu BWP

· FFS relation in terms of frequency location and bandwidth

Agreements:

· For time domain resources of a resource pool for PSSCH, 

· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 

· Down select following options:

· Option 1: The resource pool always consists of contiguous PRBs

· Option 2: The resource pool can consist of non-contiguous PRBs

Agreements:

· Multiple DMRS patterns in time domain are supported for PSSCH

· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing

· FFS: Single or multiple DMRS pattern(s) per a resource pool

· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation

· Continue to study DMRS pattern in frequency domain for PSSCH

· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.

Agreements:

· Support PT-RS for PSSCH for FR2

Conclusion:

RAN1 to conclude on the need of physical channel for discovery in RAN1#96.
