3GPP TSG RAN WG1 #114bis			R1-2309870
Xiamen, China, October 9th – October 13th, 2023
Source:	Panasonic
Title: 	Physical channel design for sidelink on unlicensed spectrum
Agenda Item:	8.2.1.2
Item for:	Discussion
Introduction
A work item on NR sidelink enchantment was updated [1]. One of objectives of this work item is physical channel design framework. One important aspect is the existing NR sidelink and NR-U channel structure shall be reused for sidelink unlicensed operation. This document provides our view on sidelink physical channel design framework on unlicensed spectrum.
Discussion
Additional starting symbol
Following was discussed in FLS[2].
	[L] Proposal 2-2 (Tx UE behaviour on using 1st or 2nd starting symbol)
Regarding Tx UE behaviour, for either COT initiating or COT sharing:
· For the slots of a COT except the 1st slot, Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission, at least for transmission with no greater than 16us gap from the previous transmission by any UE.



For consecutive SL transmission with no greater than 16us gap, 2nd staring symbol cannot be used. Therefore, above proposal should be supported. For other cases, Type 2A channel access with gap>=25 can be used for 2nd staring symbol. The usage of 2nd starting symbol can improve the resource utilization.
Proposal 1: For the slots of a COT except the 1st slot, Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission, at least for transmission with no greater than 16us gap from the previous transmission by any UE.
PSFCH
Following was discussed in FLS[2].
	 [L] Proposal 4-5 (PSFCH, COT interruption)
When neither COT initiating UE nor responding UE intends to transmit PSFCH on some PSFCH occasion(s) within a COT, to avoid COT interruption, select one or more of the followings in RAN1#114:
· Option 1: COT initiating UE or responding UE transmits PSSCH on such PSFCH occasion(s)
· Such PSFCH occasion(s) is indicated by COT initiating UE
· Option 2: COT initiating UE or responding UE transmits a PSFCH-like signal on such PSFCH occasion(s)
· For “Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)”
· Such PSFCH-like signal is PSFCH sequence on common interlace
· For “Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace”
· Down-select on of followings:
· Alt 1: Such PSFCH-like signal is PSFCH sequence on a (pre-)configured interlace
· Alt 2: Such PSFCH-like signal is a PSFCH sequence on an unused PSFCH resource
· FFS: how to determine whether a PSFCH resource is used or unused, e.g., this unused PSFCH resource is the UE’s own unused PSFCH resource, etc.
· Randomly pick among PSFCH resources associated with UE's own empty slot/subchannel mapped to that PSFCH occasion.
· Alt 3: Such PSFCH-like signal is a PSFCH sequence on a (pre-)configured PSFCH resource
· Alt 4: no optimization for this case
· For the case where OCB is not required and legacy PSFCH format is used
· Down-select on of followings:
· Alt A: Such PSFCH-like signal is PSFCH sequence on a (pre-)configured PRB
· Alt B: Such PSFCH-like signal is a PSFCH sequence on an unused PSFCH resource
· FFS: how to determine whether a PSFCH resource is used or unused, e.g., this unused PSFCH resource is the UE’s own unused PSFCH resource, etc.
· Randomly pick among PSFCH resources associated with UE's own empty slot/subchannel mapped to that PSFCH occasion.
· Alt C: no optimization for this case
· For above PSFCH sequence, the cyclic shift is up to UE implementation
· Option 3: no optimization for this case
· Option 4: The UE may transmit during the gap intended for PSFCH transmission, what to transmit is up to UE implementation
· FFS details, e.g., on which PSFCH PRB(s)



When multiple COTs are initiated by multiple UE simultaneously, option 1 blocks PSFCH for other COT in the resource pool. Therefore, we think PSFCH like signal is suitable to avoid COT interruption. For "Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)", PSFCH sequence on common interlace has no collision. For "Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace" and for "the case where OCB is not required and legacy PSFCH format is used", Tx UE of PSCCH/PSSCH assumes no PSFCH from Rx UE as HARQ feedback disabled or broadcast.  Tx UE can transmit PSFCH-like signal on the PSFCH occasion which is related to PSSCH transmission of Tx UE when Tx UE doesn't transmit other PSFCHs.
Proposal 2: For "Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)", COT initiating UE or responding UE transmits PSFCH sequence on common interlace to avoid COT interruption.
Proposal 3: For "Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace" and for "the case where OCB is not required and legacy PSFCH format is used", COT initiating UE or responding UE transmits a PSFCH-like signal on PSFCH occasion(s) when Tx UE of PSCCH/PSSCH assumes no PSFCH from Rx UE as HARQ feedback disabled or broadcast and Tx UE doesn't transmit other PSFCHs.
Following was agreed in RAN1#114.
	Agreement
In “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding Rx UE behaviour on receiving PSFCH for a PSCCH/PSSCH transmission, support:
· For unicast: 
· FFS: Monitor: 
· Rx UE attempts to monitor candidate PSFCH occasion(s) until one PSFCH is detected or all candidate PSFCH occasion(s) are monitored. 
· If one PSFCH is detected, Rx UE can omit monitoring following candidate PSFCH occasion(s).
· Report: 
· If Rx UE receives PSFCH, Rx UE reports same value as a value of HARQ-ACK information that the UE determines from the PSFCH reception to higher layers, otherwise re-ports NACK to higher layer.
· FFS: For groupcast option 1 (NACK only): 
· FFS: Monitor: 
· Rx UE attempts to monitor all candidate PSFCH occasions. 
· If NACK is detected, Rx UE can omit monitoring following candidate PSFCH occasion(s).
· Report: 
· If Rx UE does not detect any PSFCH in all candidate PSFCH occasions, Rx UE reports ACK to higher layers; otherwise, reports NACK to higher layers.
· For groupcast option 2 (ACK/NACK): 
· FFS: Monitor: 
· Rx UE attempts to monitor PSFCH transmission occasions until PSFCH from all transmitters have been detected or all candidate PSFCH occasions are monitored. 
· If Rx UE detects PSFCH from one PSFCH transmitter, it can omit PSFCH detection for following PSFCH transmission occasions for this PSFCH transmitter. 
· Report: 
· If ACK has been detected from at least one PSFCH occasion of each of all expected PSSCH receivers, Rx UE reports ACK to higher layers; otherwise, reports NACK to higher layers.

Agreement
In “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding Rx UE behaviour on receiving PSFCH for a PSCCH/PSSCH transmission, support:
· For unicast: 
· Monitor: 
· Alt 1: Rx UE attempts to monitor all candidate PSFCH occasion(s) 
· If one PSFCH is detected, Rx UE can omit monitoring following candidate PSFCH occasion(s), if any.
· PSFCH prioritization rule is used
· For groupcast option 2 (ACK/NACK): 
· Monitor: 
· Alt 1: Rx UE attempts to monitor all PSFCH transmission occasions. 
· If Rx UE detects PSFCH from a PSFCH transmitter, it can omit PSFCH detection for following PSFCH transmission occasions for this PSFCH transmitter, if any. 
· PSFCH prioritization rule is used



For groupcast option 1 (NACK only), Rx UE behaviour on receiving PSFCH for a PSCCH/PSSCH transmission should be clarified. As similar as unicast and group cast option 2, above behaviour of monitor and report should be supported. In addition, "PSFCH prioritization rule is used" should be added to clarify "Rx UE attempt to monitor" doesn’t mean to monitor all PSFCH occasions is mandatory.
Proposal 4: For groupcast option 1 (NACK only), in “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding Rx UE behaviour on receiving PSFCH for a PSCCH/PSSCH transmission, support:
· Monitor: 
· Rx UE attempts to monitor PSFCH transmission occasions until PSFCH from all transmitters have been detected or all candidate PSFCH occasions are monitored. 
· If Rx UE detects PSFCH from one PSFCH transmitter, it can omit PSFCH detection for following PSFCH transmission occasions for this PSFCH transmitter. 
· Report: 
· If ACK has been detected from at least one PSFCH occasion of each of all expected PSSCH receivers, Rx UE reports ACK to higher layers; otherwise, reports NACK to higher layers.
· PSFCH prioritization rule is used.

Following was discussed in FLS[2].
	[L] Proposal 4-6 (PSFCH, Alt 1-1b, power on common PRB)
In “Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)”:
· When UE transmits multiple PSFCH, the power on common PRBs are not accumulated 
· Down-select one of the followings in RAN1#114
· Alt 1: Power on one common PRB can be lower than power on one dedicated PRB
· Alt 1-1: (pre-)configure an offset between power on one dedicated PRB and average power on all PRBs
· Alt 1-2: (pre-)configure an offset between power on one common PRB and power on one dedicated PRB
· Alt 1-3: (pre-)configure two maximum power for power on one common PRB and power on one dedicated PRB, respectively
· Alt 1-4: Total power on one common interlace is lower than the total power on K3 dedicated PRB(s)
· FFS details
· (pre-)configure an offset between total power on one common interlace and total power on K3 dedicated PRB(s)
· Alt 2: Power on one common PRB is the same as the power on one dedicated PRB



When power of common PRBs can be minimized, the power consumption and interference can be reduced. It is suitable for SL-U. However, the common PRBs are transmitted to meet OCB regulation as "the bandwidth containing 99 % of the power of the signal, shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth (NCB)". When other system can monitor LBT on edge of NCB, only, common PRBs are detected by other system. If the power of common PRBs is minimized, other system doesn't aware the SL-U and collision is happed. It is not fair for other systems. Therefore, we support Alt 2. 
Proposal 5: Power of one common PRB is the same as the power on one dedicated PRB.
Following was discussed in FLS[2].
	[L] Proposal 6-1 (power control, PSD limit)
Considering PSD limit in unlicensed spectrum regulation, down-select one of followings:
· Alt 1: RAN1 does not pursue specific enhancements on power control formulas of PSCCH/PSSCH/S-SSB/PSFCH to reflect PSD limit, i.e., RAN1 assumes PSD limit can be satisfied by other ways, e.g., UE implementation, etc.
· Alt 2: RAN1 updates power control formulas of PSCCH/PSSCH/S-SSB/PSFCH by taking PSD limit into account
· Down-select one of followings in RAN1#114:
· Opt-1: The Tx power for each PSFCH RB is not larger than Ppsfch,PSD = PPSD/Nmax_psfch_per_MHz, where PPSD is the PSD limit per MHz, and Nmax_psfch_per_MHz is the max number of PSFCH RBs in one MHz.
· Opt-2: The UE drops some of the PSFCHs iteratively based on the existing PSFCH prioritization rule until the PSD limit is met.



UE behaviour of power control considering PSD limit should be clarified in RAN1 specification. We propose to support Alt 2. In PSFCH Opt-1, all PSFCHs are transmitted without enough transmission power, and it is not preferable for receiver UEs of PSFCH. Therefore, we propose to support Opt-2 for PSFCH.
Proposal 6: RAN1 updates power control formulas of PSCCH/PSSCH/S-SSB/PSFCH by taking PSD limit into account. The UE drops some of the PSFCHs iteratively based on the existing PSFCH prioritization rule until the PSD limit is met.
Followings were discussed in FLS[2].
	[L] Proposal 4-11 (N PSFCH occasions, HARQ RTT, z=a+b)
In “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding “the minimum time gap Z=a+b between any two selected resources of a TB in case PSFCH is configured for this resource pool”:
· Down-select one of followings in RAN1#114:
· Alt 1: Z is updated as Z=a + b + c, where 
· a and b remain the same as legacy NR SL
· c is the time gap between the first candidate PSFCH occasion and the last candidate PSFCH occasion for the corresponding PSCCH/PSSCH transmission.
· Alt 2: Z = a + b, where
· a is re-defined as: a is the time gap between the end of the last symbol of a PSSCH transmission of the first resource and the start of the first symbol of the last corresponding PSFCH reception determined by sl-MinTimeGapPSFCH and sl-PSFCH-Period for the pool of resources; and
· b remains the same as legacy NR SL
· Alt 3: no update on Z, i.e., a and b remain the same as legacy NR SL
· Note: the meaning of a and b in legacy NR SL is
· a is the time gap between the end of the last symbol of a PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception determined by sl-MinTimeGapPSFCH and sl-PSFCH-Period for the pool of resources
· b is the time required for PSFCH reception and processing plus sidelink retransmission preparation including multiplexing of necessary physical channels and any TX-RX/RX-TX switching time.

[L] Proposal 4-12 (N PSFCH occasions, HARQ RTT, Mode 1)
In “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding “the reference slot n for PUCCH transmission to report HARQ in Mode 1”:
· Down-select one of followings in RAN1#114:
· Alt 1: slot n is updated as the slot containing the last candidate PSFCH occasion
· Alt 2: multiple PUCCH transmission occasions are supported corresponding to the multiple candidate PSFCH occasions for one PSCCH/PSSCH transmission
· Alt 3: no update on slot n



For the minimum time gap Z for mode 2, the retransmission is not necessary to wait as Z=a + b + c.  If one PSFCH is detected, UE can omit monitoring following candidate PSFCH occasion was agreed. Therefore, UE can start retransmission after legacy Z=a+b.
Proposal 7: No update on Z, i.e., a and b remain the same as legacy NR SL.
For the reference slot n for PUCCH transmission to report HARQ in Mode 1, if multiple PUCCH transmission occasions are reserved, resources for PUCCH are wasted. Therefore, we propose to support Alt 1.
Proposal 8: For Mode 1, slot n is updated as the slot containing the last candidate PSFCH occasion.
S-SSB
Following was discussed in FLS[2].
	[L] Proposal 5-5 (S-SSB, location on multiple RB sets)
Regarding “UE may transmit S-SSB repetition in more than one RB set”, down-select one of the followings in RAN1#114:
· Alt 1: Locations of S-SSB repetitions in each RB set are the same as the locations of S-SSB repetitions in the anchor RB set
· Alt 2: Locations of S-SSB repetitions in each RB set can be different as the locations of S-SSB repetitions in the anchor RB set
· FFS details
· Down-select
· Alt 2-1: Configure the RB offsets between the 1st S-SSB repetition and the starting PRB of respective RB-set, and the gap between S-SSB repetitions
· Alt 2-2: Value of N and value of gap are (pre-)configured for each RB set



For other than anchor RB set, S-SSB is located on sync raster should be avoided. Therefore, we support alt2 as locations of S-SSB repetitions in each RB set can be different as the locations of S-SSB repetitions in the anchor RB set. Comparing Alt 2-1 and Alt 2-2, Alt 2-2 is simpler than Alt 2-1 to avoid position of sync raster. Therefore, we propose to support alt 2-2.
Proposal 9:  Locations of S-SSB repetitions in each RB set can be different as the locations of S-SSB repetitions in the anchor RB set. Value of N and value of gap are (pre-)configured for each RB set.
Conclusion
This document provided our view on channel design for sidelink on unlicensed spectrum. Based on the discussions, we have following proposals.
Proposal 1: For the slots of a COT except the 1st slot, Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission, at least for transmission with no greater than 16us gap from the previous transmission by any UE.
Proposal 2: For "Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)", COT initiating UE or responding UE transmits PSFCH sequence on common interlace to avoid COT interruption.
Proposal 3: For "Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace" and for "the case where OCB is not required and legacy PSFCH format is used", COT initiating UE or responding UE transmits a PSFCH-like signal on PSFCH occasion(s) when Tx UE of PSCCH/PSSCH assumes no PSFCH from Rx UE as HARQ feedback disabled or broadcast and Tx UE doesn't transmit other PSFCHs.
Proposal 4: For groupcast option 1 (NACK only), in “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding Rx UE behaviour on receiving PSFCH for a PSCCH/PSSCH transmission, support:
· Monitor: 
· Rx UE attempts to monitor PSFCH transmission occasions until PSFCH from all transmitters have been detected or all candidate PSFCH occasions are monitored. 
· If Rx UE detects PSFCH from one PSFCH transmitter, it can omit PSFCH detection for following PSFCH transmission occasions for this PSFCH transmitter. 
· Report: 
· If ACK has been detected from at least one PSFCH occasion of each of all expected PSSCH receivers, Rx UE reports ACK to higher layers; otherwise, reports NACK to higher layers.
· PSFCH prioritization rule is used.
Proposal 5: Power of one common PRB is the same as the power on one dedicated PRB.
Proposal 6: RAN1 updates power control formulas of PSCCH/PSSCH/S-SSB/PSFCH by taking PSD limit into account. The UE drops some of the PSFCHs iteratively based on the existing PSFCH prioritization rule until the PSD limit is met.
Proposal 7: No update on Z, i.e., a and b remain the same as legacy NR SL.
Proposal 8: For mode 1, slot n is updated as the slot containing the last candidate PSFCH occasion.
Proposal 9:  Locations of S-SSB repetitions in each RB set can be different as the locations of S-SSB repetitions in the anchor RB set. Value of N and value of gap are (pre-)configured for each RB set.
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