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1	Introduction
[bookmark: _Hlk525462591]In this contribution, we provide our views on the physical channel design framework for SL-U. And in our companion contribution, we provide our views on channel access mechanism for SL-U operation [2].
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]2	SL bandwidth and resource pool
Regarding the wide-band operation of resource pool, in RAN1 Meeting #110b-e, the following agreement was made:
	(1) Agreement: Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission



Based on the agreement, the NR-U guard band design principle is generally applied to the PSSCH transmission of SL-U, where the guard band RBs in between contiguous RB sets can be used for transmissions only if the LBT procedure is successful in these contiguous RB sets. Moreover, it has been agreed that such guard band RBs are not used for PSCCH transmission. Considering that, similar guard band design principle as PSSCH transmission can be applied for PSFCH/S-SSB, where the resources of guard band RBs can be available only when successful LBT of contiguous RB sets, meaning that the availability by utilizing guard band RBs for PSFCH/S-SSB transmission can be uncertain, and it may not be easily applied to the transmission of PSFCH/S-SSB that is rather fixed in time by semi-static (pre-)configuration. Thus, it prefers not to utilize the guard band RBs for PSFCH/S-SSB transmission.

[bookmark: Proposal7531][bookmark: Proposal8515][bookmark: Proposal77966][bookmark: Proposal31028][bookmark: Proposal19746][bookmark: Proposal97157][bookmark: Proposal83190][bookmark: Proposal14202][bookmark: Proposal85263][bookmark: Proposal23493][bookmark: Proposal63308]Proposal 1: Do not utilize the guard band RBs for PSFCH/S-SSB transmission.
3   Slot structure
[bookmark: Proposal96008][bookmark: Proposal41801][bookmark: Proposal25415]In RAN1 Meeting #110b-e, the following working assumption was agreed regarding slot structure aspects:
	Working assumption: Support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
· RAN1 strives to have unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol
· The candidate starting symbol(s) are intended for AGC purpose
· FFS: other potential uses of the candidate starting symbol(s)
· FFS other details, e.g., applicable scenarios (including SCS), position of 2nd starting symbol, TBS determination, PSCCH blind decoding complexity, processing time constraints, etc.
· FFS whether 2 candidate starting symbols is also supported for slots with PSFCH


And in RAN1 Meeting #111, the following agreements were reached regarding slot structure aspects:
	(2) Agreement: For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding the location of 1st starting symbol, down-select one of the followings:
· Option 1: it is fixed as symbol#0
· Option 2: it is indicated by sl-StartSymbol as in R16 NR SL
· Regarding the location of 2nd starting symbol, down-select one of the followings:
· Option A: it is a fixed location
· FFS the location, e.g., symbol#4, #7, etc.
· Option B: it is a (pre-)configured location per resource pool
· FFS the details of candidate locations
· Note: assume symbol index in a slot starts from #0

(3) [bookmark: _Ref126154375]Agreement: If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference symbol length, down-select one of the followings:
· Option 1: The reference symbol length is dynamically indicated by Tx UE
· Option 2: The reference symbol length is determined based on 1st starting symbol
· Option 3: The reference symbol length is determined based on 2nd starting symbol
· Option 4: The reference symbol length is (pre-)configured 

(4) Agreement: Slots with PSFCH symbols only have 1 candidate starting symbol for PSCCH/PSSCH.

(5) Agreement: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behaviour:
· If PSCCH/PSSCH transmission starts from 1st starting symbol, down-select one of the followings
· Option 1: The PSCCH/PSSCH transmission has 2 symbols for AGC purpose
· Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Option 3: The PSCCH/PSSCH transmission has 1 or 2 symbol(s) for AGC purpose depending on conditions, FFS details
· If PSCCH/PSSCH transmission starts from 2nd starting symbol, the PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Regarding Rx UE behaviour, down-select one of the followings:
· Option A: The Rx UE always monitors two AGC symbols in such slot
· Option B: The Rx UE monitors two AGC symbols in such slot by default, but could drop monitoring the 2nd AGC symbol at least if it detects a PSCCH/PSSCH transmission starting from the 1st starting symbol
· FFS details
· Option C: The Rx UE monitors two AGC symbols in such slot by default, but it is up to UE implementation whether to drop monitoring the 2nd AGC symbol
· Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot



And in RAN1 Meeting #112, the following agreements were reached regarding slot structure aspects:
	(6) Agreement: For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· The location of 1st starting symbol can be (pre)configured from {#0,#1,#2,#3,#4,#5,#6} per BWP
· By default (if no (pre)configuration), the location of the 1st starting symbol is symbol#0
· The location of 2nd starting symbol is (pre-)configured from {#3,#4,#5,#6,#7} per BWP
· It shall be configured such that within a slot, the number of symbols used for PSCCH/PSSCH transmission from 2nd starting symbol is not smaller than 6
· It shall be configured such that within a slot, the 2nd starting symbol is later than the 1st starting symbol
· PSCCH/PSSCH transmission starting from 1st or 2nd starting symbol shall have the same ending symbol within a slot
· Note: assume symbol index in a slot starts from #0

Working assumption: If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· At least for COT initiation, TBS is determined based on a reference number of symbols as follows:
· Option 4: The reference number of symbols is determined by (pre-)configuration
· FFS: value range
· FFS: whether a different reference number of symbols is needed for transmission in a shared COT




On TBS determination:
Based on the working assumption, if a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission, the reference number of symbols for TBS determination at least for COT initiation is determined by (pre-)configuration. It means that the reference symbol length for the TBS determination shall be determined based on a fixed value without considering the actual number of symbols of PSCCH/PSSCH transmission. This option may cause performance degradation on decoding or resource waste when the reference number of symbols is different from the actual number of symbols of PSCCH/PSSCH transmission as analysed in [3]. For this option, as the actual transmitted number of symbols in the sharing COT is different from that in the COT initiation, the same reference number of symbols for transmission in the COT initiation and the shared COT may cause performance degradation on decoding or resource utilization reduction, which causes additional specification efforts. In our view, option 1 can be revisited to enable flexible TBS determination so that a suitable reference number of symbols can be dynamically indicated considering actual transmission requirement (e.g., traffic QoS requirement), or/and transmission status (e.g., CBR or/and outcome of LBT). In addition, the number of symbols within a slot for TBS determination in R16 NR SL is jointly determined by the slot length provided by sl-LengthSymbols, and PSFCH overhead as per TS 38.214. Similarly, the reference number of symbols can also be dynamically indicated by Tx UE to realize flexible TBS determination as that on PSFCH overhead determination with less specification effort.
[bookmark: Proposal63309]Proposal 2: For SL-U with two starting symbols within a slot, option 1 (i.e., the reference number of symbols is dynamically indicated by Tx UE) in Agreement (3) shall be supported with flexible TBS determination, where in such case configuring a different reference number of symbols for transmissions within a shared COT is not needed.

On Tx and Rx UE behavior for AGC:
Based on the working assumption in RAN1#110bis, the candidate starting symbol(s) are intended for AGC purpose. And based on the agreements in RAN1#111, if a sub-slot transmission starts from the 2nd starting symbol in a slot, it shall have only 1 symbol on the 2nd starting symbol in the slot for AGC purpose. However, if a full-slot transmission starts from the 1st starting symbol in a slot, it’s still open regarding Tx UE behavior on whether a second AGC symbol shall be applied in the slot. 
Practically, due to the well-known hidden node issue, the full-slot transmission from the 1st starting symbol without the 2nd AGC symbol may cause AGC issue to the Rx UE. However, on the other hand, supporting the 1st starting symbol with the 2nd AGC may conquer the issue of AGC to Rx UE, but it may lead to transmission inefficiency, since the data on the 2nd symbol cannot be used for decoding purpose. Especially considering the operation of a slot with 2 starting symbols together with MCSt scheme, the introduced overhead of the 2nd AGC and/or guard period could be quite large.
[bookmark: Obs46015][bookmark: Obs20881][bookmark: Obs62469][bookmark: Obs97393][bookmark: Obs95239][bookmark: Obs17245][bookmark: Obs76669][bookmark: Obs62197]Observation 1: Full-slot transmission from the 1st starting symbol without the 2nd AGC symbol may cause AGC issue to the Rx UE.
[bookmark: Obs46016][bookmark: Obs20882][bookmark: Obs62470][bookmark: Obs97394][bookmark: Obs95240][bookmark: Obs17246][bookmark: Obs76670][bookmark: Obs62198]Observation 2: The 1st starting symbol with the 2nd AGC may conquer the issue of AGC to Rx UE, but it may lead to transmission inefficiency, since the 2nd symbol cannot be used for decoding purpose.
[bookmark: Obs46017][bookmark: Obs20883][bookmark: Obs62471][bookmark: Obs97395][bookmark: Obs95241][bookmark: Obs17247][bookmark: Obs76671][bookmark: Obs62199]Observation 3: Considering operation of a slot with 2 starting symbols together with MCSt scheme, the introduced overhead of the 2nd AGC could be large.
· Considering of AGC less-sensitive scenario:
Generally, the Tx UE behavior with Option 2 is a suitable scheme for AGC less-sensitive scenario. For instance, if a full-slot transmission starts from the 1st starting symbol in a slot, other UEs near the Tx UE are unlikely to grab the channel and start a sub-slot transmission from the 2nd starting symbol in the slot since the LBT likely fails. It means that in most cases the AGC issue is not prominent, and thus the Tx UE can transmit data on the 2nd starting symbol for decoding at the Rx UE so as to increase the system spectrum efficiency. In fact, the AGC issue also exists in NR-U due to hidden node (e.g., Wi-Fi device), but there is no solution to address it. In a worst case that the AGC issue occurs, the Rx UE loses all the symbols from the 2nd symbol, and one may argue that this case would rarely happen due to LBT. Furthermore, even if the Tx UE doesn’t transmit an AGC symbol on the 2nd starting symbol, the Rx UE can determine if it needs to perform AGC by monitoring data on the 2nd starting symbol.
· Considering of AGC sensitive scenario:
On the other hand, practically the transmission range of SL-U UE can be larger than the LBT detection range, which may result in the AGC issues as discussed in above that could not be solved by LBT, meaning that for some scenarios, the AGC issues simply could not be ignored. And in such case, a resource pool with slot structure of 2 starting/AGC symbols may need to be configured. Again, in such case, the introduced AGC overhead is large for MCSt operation within a Tx UE initiated COT. Instead, the PSCCH/PSSCH transmission can be operated with 1 or 2 symbols for AGC purpose based on Tx UE indication, such that the legacy slot structure with 1 AGC symbol can be applied for MCSt within a COT if a given condition is met by implementation.
[bookmark: Proposal31038][bookmark: Proposal19755][bookmark: Proposal23497][bookmark: Proposal97164][bookmark: Proposal83197][bookmark: Proposal14209][bookmark: Proposal85270][bookmark: Proposal63310]Proposal 3: For Tx UE behavior, if PSCCH/PSSCH transmission starts from the 1st starting symbol, the PSCCH/PSSCH can have 1 or 2 symbols for AGC purpose.
[bookmark: Proposal31039][bookmark: Proposal19756][bookmark: Proposal23498][bookmark: Proposal97165][bookmark: Proposal83198][bookmark: Proposal14210][bookmark: Proposal85271][bookmark: Proposal63311]Proposal 4: For MCSt transmissions within a COT, it can be operated based on Tx UE indication with either 1 or 2 symbols for AGC purpose.
Regarding the Rx UE behaviour, in our view the Rx UE shall monitor 2 AGC symbols by default, i.e., 
· At first, the Rx UE shall monitor the 1st starting symbol for AGC purpose so that it can detect whether a full-slot transmission starts from the 1st starting symbol.
· If a full-slot transmission is not detected, it shall further monitor the 2nd starting symbol for AGC purpose so that it can detect whether a sub-slot transmission starts from the 2nd starting symbol.
In corresponding to the Tx UE behaviour, in our views whether the Rx UE monitors the 2nd AGC symbol for full-slot transmission can be up to either UE implementation or based on slot structure indication from Tx UE if specified. 
[bookmark: Proposal31040][bookmark: Proposal19757][bookmark: Proposal23499][bookmark: Proposal97166][bookmark: Proposal83199][bookmark: Proposal14211][bookmark: Proposal85272][bookmark: Proposal63312]Proposal 5: For Rx UE behavior, whether the Rx UE monitors the 2nd AGC symbol for full-slot transmission can be up to either UE implementation or based on slot structure indication from Tx UE if specified.
4	On PSCCH and PSSCH design
4.1 On mapping between subchannel and PRBs/interlaces
Based on the discussions from previous meetings, it has been agreed that, for PSCCH and PSSCH resource indication in time/frequency domain, the Rel-16 NR SL TRIV is reused as baseline for time domain resource indication. For resource indication in frequency domain, in RAN1 Meeting #112, the list of options for mapping between sub-channel and PRBs for contiguous RB-based and interlace-RB based PSCCH/PSSCH transmission in SL-U was down-scoped, reaching the following agreements:
	(7) Agreement: For contiguous RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and PRBs, down-select one of the followings during RAN1#112:
· Option 1 (sub-channel aligns with resource pool boundary): Same as in legacy NR SL, i.e., the mapping of sub-channel starts from the first PRB of the resource pool and mapped sequentially within the resource pool according to the sub-channel size
· FFS: how to deal with the remaining PRBs, e.g. for meeting OCB requirements

(8) Agreement: For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and interlace, 1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool



Contiguous RB-based PSCCH/PSSCH transmission:
For contiguous RB-based PSCCH/PSSCH transmission, the FFS issue is on whether/how to handle the “remaining PRBs”. As an example shown in Figure 1 for Option-1, the “remaining PRBs” can be either due to the total number of PRBs in the RP that cannot be divided by the configured subchannel size (e.g. RB#7 in Figure 1) or due to the PRBs of subchannel are overlapped with the configured Guard Band PRBs between RB sets (e.g. RB#3 and RB#4 in Figure 1). 
[bookmark: Obs46018][bookmark: Obs20884][bookmark: Obs62472][bookmark: Obs97396][bookmark: Obs95242][bookmark: Obs17248][bookmark: Obs76672][bookmark: Obs62200]Observation 4: For the mapping between subchannel and PRBs in SL-U, there can be “remaining PRBs” after the mapping either due to the total number of PRBs in the RP that cannot be divided by the configured subchannel size or due to the PRBs of subchannel are overlapped with the configured Guard Band PRBs between RB sets.


[bookmark: _Ref127361555]Figure 1 Example of mapping between subchannel and PRB with Option 1
In legacy SL operation for handling the “remaining PRBs”, a UE is not expected to use the last remaining PRBs in the RP, meaning that the remaining PRBs, i.e. RB#7, will not be used. Practically, it could be a waste if the number of remaining PRBs is large. As an example, with SL unlicensed operation for a given RP, the total number of PRBs in a RP can be 46 instead of 50, due to the 4 PRBs occupied by RRC configured guard band in between two RB sets. Moreover, by assuming sl-SubchannelSize=12, the number of remaining PRBs in the RP will be (46 mod 12) = 10, as shown in Figure 2, where the last 10 remaining PRBs will be wasted and not be used by UEs. Thus, considering improving the transmission spectrum efficiency, it is proposed to specify schemes to best utilize the “remaining PRBs” for SL-U operation.
[bookmark: Proposal31043][bookmark: Proposal19760][bookmark: Proposal23502][bookmark: Proposal97169][bookmark: Proposal83202][bookmark: Proposal14214][bookmark: Proposal85275][bookmark: Proposal63313][bookmark: _Hlk127546303]Proposal 6: Considering improving the transmission spectrum efficiency, it is proposed to specify schemes to best utilize the “remaining PRBs” for SL-U operation.


[bookmark: _Ref127361796]Figure 2 Example of low spectral efficiency in the mapping between subchannels and PRBs with N_PRB=46 and sl-SubchannelSize=12 configured, which results in 10 PRBs being wasted and not used by UEs.
For utilizing the “remaining PRBs”, with one simple approach, if the number of the remaining PRBs is larger than a given minimum subchannel size, it can still be considered by UE as a subchannel. As an example shown in the bottom of Figure 1, due the PRB size of RB#4 and RB#7 is close to the configured subchannel size or larger than a given minimum subchannel size, the remaining PRBs of RB#4 and RB#7 can still be treated as a subchannel, and for TBS determination, the configured subchannel size in the RP can be used as reference RBs for TBS determination, and practically by adapting the MCS to fit into these subchannels that is composed of the remaining PRBs. Furthermore, if the number of the remaining PRBs is quite small, e.g. with 1 or 2 PRBs, it can be also considered to combine with extending the number of PRBs of the previous subchannel, i.e. the Subchannel#2 in Figure 1.
[bookmark: Proposal31044][bookmark: Proposal19761][bookmark: Proposal23503][bookmark: Proposal97170][bookmark: Proposal83203][bookmark: Proposal14215][bookmark: Proposal85276][bookmark: Proposal63314]Proposal 7: For utilizing the “remaining PRBs”, if the number of the remaining PRBs is larger than a given minimum subchannel size, it can still be considered by UE as a subchannel.
[bookmark: Proposal31045][bookmark: Proposal19762][bookmark: Proposal23504][bookmark: Proposal97171][bookmark: Proposal83204][bookmark: Proposal14216][bookmark: Proposal85277][bookmark: Proposal63315]Proposal 8: If the number of the remaining PRBs is small, it can be considered to combine with extending the number of PRBs of the previous subchannel.

[bookmark: _Hlk131752215]Interlace RB-based PSCCH/PSSCH transmission:
For the interlace RB-based operation, in RAN1 Meeting #112, it has been agreed that a sub-channel (including the case where K>1) should be contained within a single RB set. Moreover, in RAN1#110bis-e meeting, the following agreements were reached with open options listed:
	(9) [bookmark: _Ref131750840]Agreement: Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· Down-select one of the followings
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· Option 2: Support explicitly indicating at least the used sub-channel index(s)
· At least RB set index(s) is not explicitly indicated
· FFS details
(10) Agreement: Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· When more than one RB set is used for transmissions, down-select one of the followings
· Option A: Support that the used interlace index(s) in different RB sets are always the same
· Option B: Support that the used interlace index(s) in different RB sets can be different
· FFS details


To our view, a complete redesign of the FRIV can incur significant standardization effort and at the meanwhile it might not be as space efficient (i.e. bit wise) as the NR-SL Rel. 16 FRIV design. Therefore, one way to minimize the impact on the FRIV design and while introducing the resource indication flexibility in the frequency domain is to redefine how the indexing of the sub-channels are performed instead of redesigning the FRIV itself. And referring to the agreement (9) from RAN1#110b-e, we support the Option 2 of explicit indicating with subchannel index(s) for FRIV with interlace RB-based PSSCH transmission. 
[bookmark: Proposal23508][bookmark: Proposal97175][bookmark: Proposal83208][bookmark: Proposal14220][bookmark: Proposal85281][bookmark: Proposal63316]Proposal 9: For interlace RB-based PSSCH transmission support Option 2 with explicit indicating by using sub-channel index(s) for FRIV.
[bookmark: Proposal31048][bookmark: Proposal19765]And when more than one RB set is used for transmissions, the Option B of agreement (10) that using different interlace index(s) in different RB sets can be further checked with RAN4 on whether or not it may cause issues like high PAPR for SL-U operation, where previously as discussed in NR-U, there can be an PAPR issue for NR-U operation. 
[bookmark: Proposal23509][bookmark: Proposal31050][bookmark: Proposal19767][bookmark: Proposal97178][bookmark: Proposal83211][bookmark: Proposal14223][bookmark: Proposal85284][bookmark: Proposal63317]Proposal 10: Check with RAN4 whether or not the Option B with different interlace index(s) in different RB sets may cause higher PAPR for SL-U operation.
Furthermore, considering the guard band PRBs used for interlaced RB-based PSSCH transmission, it can be rather straightforward to utilize the NR-U principle, where the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets.
[bookmark: Proposal23510][bookmark: Proposal31051][bookmark: Proposal19768][bookmark: Proposal97179][bookmark: Proposal83212][bookmark: Proposal14224][bookmark: Proposal85285][bookmark: Proposal63318]Proposal 11: Considering the guard band RBs used for interlaced RB based PSSCH transmission, the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets.
In RAN1#110b-e meeting, it has been agreed that 1 subchannel can be equal to K interlaces, where the value of K can be larger than 1 only for SCS of 15kHz as agreed in RAN1#110b-e meeting. 
	(11) [bookmark: _Ref127362728]Agreement: For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding 1 sub-channel equals K interlace(s)
· At least K=1 and K=2 is supported for 15 kHz SCS
· At least K=1 is supported for 30 kHz SCS
· FFS: details related to multiple RB sets


Considering of PSCCH, if the value of K is being restricted to a small value, e.g. to 1, the maximum frequency resource of PSCCH will be limited to 10 PRBs in an RB set with SCS of 15kHz/30kHz, which is much less than the number of PSCCH PRBs {10, 12, 15, 20, 25} supported by the legacy NR SL. Instead, by allowing the value of K to be configured larger than 1, there can be more frequency resources with distributed RBs to be included in a subchannel, which allows higher capacity available for PSCCH transmission. Thus, to our view, the value of K can be 1 as default, and it should be allowed also to be (pre-)configured to be larger than 1. 
In addition, for the frequency resource mapping of PSCCH with interlace RB-based operation, it has been agreed that the allocation of PSCCH is associated with the lowest sub-channel of lowest RB set of scheduled PSSCH. However, generally the payload size of PSCCH is smaller than PSSCH, which means that PSCCH requires less number of interlaces than PSSCH. Thus, the frequency resource mapping of PSCCH to interlaces can be different from the configured K-value of PSSCH. And how to map the PSCCH frequency resources to the interlaced PSSCH resource associated to the lowest subchannel of lowest RB set should be also further discussed.
[bookmark: Proposal31052][bookmark: Proposal19769][bookmark: Proposal23511][bookmark: Proposal97180][bookmark: Proposal83213][bookmark: Proposal14225][bookmark: Proposal85286][bookmark: Proposal63319]Proposal 12: For interlace RB-based transmission, 1 sub-channel equals K interlace(s), where the value of K is 1 by default, and the value of K can be larger than 1 by (pre-)configuration.
[bookmark: Proposal31053][bookmark: Proposal19770][bookmark: Proposal23512][bookmark: Proposal97181][bookmark: Proposal83214][bookmark: Proposal14226][bookmark: Proposal85287][bookmark: Proposal63320]Proposal 13: Frequency resource mapping granularity of PSCCH to interlaces can be considered to be independent of the number of interlaces per sub-channel (i.e. the K-value).
[bookmark: Proposal31054][bookmark: Proposal19771][bookmark: Proposal23513][bookmark: Proposal97182][bookmark: Proposal83215][bookmark: Proposal14227][bookmark: Proposal85288][bookmark: Proposal63321]Proposal 14: Discuss how to map the PSCCH and PSSCH frequency resources to the K sub-channel interlaces of the lower sub-channel of lowest RB set.
In RAN1 meeting #110-e, the following agreement has been reached:
	(12) Agreement: For PSCCH and PSSCH in SL-U:
· PSCCH is transmitted within 1 sub-channel
· At least support Option 1 below
· Option 1: PSCCH locates in the lowest sub-channel of lowest RB set of corresponding PSSCH
· Note: the lowest sub-channel may not be entirely contained in the lowest RB set
· FFS whether/how to handle the case where UEs supporting different bandwidths can use the same resource pool to communicate with each other, e.g., whether/how to additionally support Option 2 below
· Option 2: PSCCH locates in every RB set of corresponding PSSCH
· Note: the above options do not imply any restriction on the mapping of sub-channels to PRBs.
· FFS other details


So far, it is still unclear whether or not UEs having different bandwidths capability can be configured in the same resource pool. Considering limited TUs left in Rel-18 SL-U, restricting UE capability having the same bandwidth in a resource pool may simplify the overall SL-U design, not only for PSCCH monitoring reception, but also for S-SSB monitoring reception.
[bookmark: Proposal63322]Proposal 15: Considering limited TUs left in Rel-18 SL-U, Rel-18 SL-U only supports UEs have the same bandwidth capability in a resource pool.

4.2 On In Band Emission (IBE) Impact
In meeting RAN1#109-e, the following agreement was achieved.
	(13)  Agreement: For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
· RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
· FFS: whether/how to address IBE (In Band Emission) impact


For interlace RB-based transmissions, IBE (In Band Emission) impact is more significant in PC5 interface than at Uu interface. Namely, due to the leakage induced by the slow filter decay in the PRBs surrounding the PRBs in which the UE is transmitting, the carrier leakage and the leakage due to IQ image frequencies. Furthermore, relative locations of UEs may cause large power differences (near-far scenario) received at a UE. Therefore, interference due to IBE is aggravated for near-far scenario encountered in sidelink communication. Hence, the enhancement to interlace RB-based transmissions is required to reduce IBE impact for sidelink communications in unlicensed spectrum. 
Figure 3 shows an example of the emission levels of a UE transmitting in contiguous RBs (based on IBE model from TS38.101-1 V2X). In this case, one sub-channel (over the IQ image frequencies) may suffer highest effect of IBE of this transmission.
[image: ]
[bookmark: _Ref127363363]Figure 3  IBE for contiguous RB-based transmission (RB 0 to RB 9) with 18 dBm, 30 kHz SCS, QPSK, where blue curve is the in-band emission, the red curve is the in-band emission specification requirement.
Figure 4 shows an example of the emission levels of a UE transmitting in one interlace. It highlights the IBE levels on RBs over IQ image frequencies and on RBs adjacent to transmitting interlace RBs. It can be noticed that in an implementation, the levels may still meet the specification requirements (red curves). However, in a near-far scenario, for example, where the source Tx UE is at 30m distance of the Rx UE (victim) and an aggressor Tx UE is at 1m distance, and if both Tx UEs transmit with same power, there is high likelihood of a below 0 dB SINR on resources over adjacent and IQ image frequency (path loss difference between aggressor and source Tx calculated to be ~29 dB assuming FSPL). In the example in Figure 4(a), 50% of the interlaces may be compromised by IBE (only 2 out of 4 non-allocated interlaces have low IBE). In example (b), 75% of the interlaces may be compromised by IBE (only 1 out of 4 non-allocated interlaces have low IBE).
[image: ]
[bookmark: _Ref127363378]Figure 4 IBE for interlace RB-based transmission with 18 dBm, 30 kHz SCS, QPSK, 
where blue curve is the in-band emission, the red curve is the in-band emission specification requirement.
[bookmark: Obs62473][bookmark: Obs67631][bookmark: Obs79765][bookmark: Obs90464][bookmark: Obs49646][bookmark: Obs10102][bookmark: Obs1680][bookmark: Obs46020][bookmark: Obs20886][bookmark: Obs97398][bookmark: Obs95244][bookmark: Obs17250][bookmark: Obs76674][bookmark: Obs62201]Observation 5: With interlace RB-based allocation, interference due to in-band emission (IBE) is aggravated for near-far scenario encountered in sidelink communication. 
[bookmark: Proposal96012][bookmark: Proposal41802][bookmark: Proposal25416][bookmark: Proposal7547][bookmark: Proposal8531][bookmark: Proposal77981][bookmark: Proposal31063][bookmark: Proposal19780][bookmark: Proposal23514][bookmark: Proposal97191][bookmark: Proposal83224][bookmark: Proposal14236][bookmark: Proposal85297][bookmark: Proposal63323]Proposal 16: Address the impact of IBE for the interlace RB-based transmissions.
One option is to enable UEs to be able to detect and avoid IBE issues with other UEs in their vicinity, whenever these UEs’ selected resources/interlaces have a certain frequency separation (e.g. when the interlace subchannels selected by two UEs are adjacent or over the IQ image frequency of each other). In that case, a SL-U UE could change its transmission starting point when detecting that a resource reservation from another UE will cause IBE issues to the reception of the UE’s own transmission or that the SL UE’s own transmission will cause IBE issues to the reception of other SL UE transmission. The change of transmission starting point can be determined based on the frequency separation between the interlaces of the reserved resources (by other UEs) and the UE’s selected transmission resource and other conditions (e.g. such as based on the priorities of the different transmissions). For example, a low priority UE may apply a later transmission starting point if allocated adjacent to a high priority reserved resource, so if the high priority transmission occurs it may block the low priority transmission (via LBT), thus avoiding the low priority transmission to start and cause IBE issue to high priority data reception. If the high priority transmission does not occur on the reserved resource (e.g., due to re-evaluation, packet drop, LBT failure), the low priority transmission can still proceed as long as the associated LBT is successful.
[bookmark: Proposal41803][bookmark: Proposal25417][bookmark: Proposal7548][bookmark: Proposal8532][bookmark: Proposal77982][bookmark: Proposal31064][bookmark: Proposal19781][bookmark: Proposal23515][bookmark: Proposal97192][bookmark: Proposal83225][bookmark: Proposal14237][bookmark: Proposal85298][bookmark: Proposal63324]Proposal 17: To mitigate impact of interference caused by IBE, SL-U TX UEs can change the transmission starting point (e.g., via CP extension or AGC puncturing) for preventing transmissions to begin in neighbour interlaces which cause IBE related interference to an RX UE.

5	PSFCH and SL-HARQ 
In the very early RAN1#109-e meeting, one of the open issues for PFSCH design is whether or not to introduce new PSFCH format, apart from legacy PSFCH format 0.
	(14) Agreement: For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs 



Considering of limited TUs left in Rel18 SL-U WI, it prefers not to introduce new PSFCH format in Rel18 SL-U.

[bookmark: Proposal63325]Proposal 18: Considering of limited TUs left in Rel18 SL-U WI, it prefers not to introduce new PSFCH format in Rel18 SL-U.

For SL operation in unlicensed spectrum, there are two main issues to solve in the PSFCH design:
· Comply with the OCB and PSD regulations – There is the need to support interlace RB-based PSFCH transmission, in order to comply with OCB and PSD regulations, since a single PRB cannot be interlaced;
· Coping with LBT failures – PSFCH transmissions may not be initiated due to LBT failure. This will lead to retransmission of PSSCH consuming substantially more resources and increasing latency.

In the following, we will provide our views on these two aspects.
Complying with OCB and PSD regulations for PSFCH transmission:
In RAN1 Meeting #112, the following agreements were made, with still a large list of options for supporting interlace RB-based PSFCH transmission:
	(15) [bookmark: _Ref131750926]Agreement: Regarding PSFCH transmission with 15 kHz and 30 kHz SCS, RAN1 down-select one of followings, or support the combination of followings:
· Alt 1-1a: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· FFS: value of K3
· Alt 2-2a: each PSFCH transmission occupies 1 interlace, and further apply PRB-level cyclic shift
· A UE transmits dedicated cyclic shift on K1 dedicated PRB(s) within this interlace, and transmits common cyclic shift on other PRBs of this interlace
· FFS: value of K1
· Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace
· Alt 2-4a: each PSFCH transmission occupies 1 dedicated interlace and adopt PRB-level cyclic shift hopping as in NR-U
· Alt 3-2a: each PSFCH transmission occupies K4 dedicated PRB(s) and K2 common PRBs, where K2 common PRBs locate at the two edges of a RB set
· FFS: value of K2, K4
· FFS: the impact of PSD limit, e.g., whether/how to handle the case when common PRB and dedicated PRB locate within the same 1 MHz bandwidth, e.g., drop common PRB or reduce power on common PRB in such case
· FFS: whether/how to reduce PAPR of PSFCH transmission



In NR-U the interlace of the PUCCH format 0 was enabled by performing 10 repetitions equally spaced interlaces within the OCB. For SL-U, RAN1#110 meeting has agreed to support the use of interlace RB-based PSFCH transmission at least for 15 kHz and 30 kHz SCS. The drawback of such approach is that the PSFCH capacity is reduced proportionally by the number of interlaces/repetitions required. 

In Alt.1-1a (of the agreement (15), a more efficient solution to achieve the interlace and minimize the loss of capacity is that the PSFCH of each Rx UE is sent alone in K3 dedicated RBs (exclusively used by such Rx UE feedback) and, to comply with the OCB and PSD regulations the PSFCH feedback is further repeated along the common interlace that are shared with other Rx UEs for the same purpose (repetitions of PSFCHs along the interlace). This complies with the regulations and uses more efficiently the amount of RBs needed for each PSFCH while assuring that the transmission content is protected from collisions with other Rx UEs PSFCHs. The number of dedicated RBs (K3) may be configurable to adapt to different scenarios.

In the different options of Alt.2 (of the agreement (15), the PSFCH transmission occupies an interlace (Alt.2-3a) and in each RB of the interlace it may or not apply different cyclic shifts (Alt. 2-2a and 2-4a). However, using different cyclic shifts will not increase the capacity for PSFCH, which is the main issue if plain repetitions of PSFCH in all RBs of an interlace is used. 

Finally, in Alt.3-2a (of the agreement (15), it is proposed to have PSFCH in K4 dedicated PRB(s) and K2 common PRBs at the edges of the RB set. So far, it is unclear on what is the key benefits to locate the common PRBs at the edges of the RB set for 15 kHz and 30 kHz. 
[bookmark: Proposal63326][bookmark: Proposal23516][bookmark: Proposal96015][bookmark: Proposal41808][bookmark: Proposal25422][bookmark: Proposal7550][bookmark: Proposal8534][bookmark: Proposal77984][bookmark: Proposal31066][bookmark: Proposal31067][bookmark: Proposal19783][bookmark: Proposal19784][bookmark: Proposal97195][bookmark: Proposal83228][bookmark: Proposal14239][bookmark: Proposal14240][bookmark: Proposal85300]Proposal 19: Regarding PSFCH, prioritize Alt.1-1a with K3 being configurable as enhancement to interlaced FDM schemes for PSFCH to comply with OCB and PSD regulations, while maximizing the PSFCH capacity. 


Power control for common RBs
While transmission of common RBs (as in Alt 1-1a) is beneficial as it allows meeting the OCB, it also has a drawback. As multiple users transmit using the same RBs, the power (and from other transmission’s point of view, interference) increases significantly. As the decoding of PSFCH will mainly rely on dedicated RB, it makes sense to minimize the power transmitted on the common RBs, as long as the OCB requirement is met. According to ETSI EN 301 893," The Occupied Channel Bandwidth is the bandwidth containing 99 % of the power of the signal.”. Therefore, the power on the common RBs needs to be such that at least 99% of transmit power is spanning at least 80% of the channel BW, i.e. 16 MHz. 


[bookmark: Proposal63327]Proposal 20: For PSFCH Alt 1-1a (and 3-2a), the transmission power on the common RBs is set as low as possible, while still ensuring that 99% of the power of the signal (common and dedicated PSFCH RBs) has a bandwidth of at least 80% of the channel BW.


For NR-U, the UL Type 2 resource allocation (i.e. interlaced RA) is not supported with SCS of 60kHz. This is for the reason that with larger PRB bandwidth and shorter slot duration applied with 60 kHz SCS, the necessary OCB requirements can be met easily by e.g. wideband allocations. So far, the SL-U discussions have been focusing on the SCS of 15kHz and 30kHz with the following agreement being reached in RAN1#110 meeting for interlace RB-based transmission with PSFCH. 
	(16) Agreement: To meet OCB and PSD requirement for PSFCH transmission, at least RB-based interlace is supported at least for 15 kHz and 30 kHz SCS, FFS details.


Based on the outcome of offline discussions during the RAN1#112 meeting, the views from majority companies voted to de-prioritize the discussions related to SCS 60kHz.

[bookmark: Proposal23517][bookmark: Proposal97196][bookmark: Proposal97197][bookmark: Proposal83229][bookmark: Proposal83230][bookmark: Proposal14241][bookmark: Proposal85301][bookmark: Proposal63328]Proposal 21: Based on the outcome of offline discussions during RAN1#112 meeting, the work related to SCS 60kHz are deprioritized.

Coping with LBT failures for PSFCH transmission:
In RAN1 Meeting #111, the following agreement was made (numbering added to facilitate the discussion) in agenda item 9.4.1.2 regarding PSFCH design:
	(17) [bookmark: _Ref127449043]Agreement: To address PSFCH transmission dropping due to LBT failure, RAN1 down-select one of followings, or support the combination of followings:
· [bookmark: _Hlk119602860]Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· FFS other details, e.g., HARQ-ACK timeline
· Alt 2: PSFCH occasions are dynamically indicated
· FFS: Whether/how to handle the case where some TB’s corresponding PSFCH cannot be transmitted within the same or different COT
· FFS other details, e.g., dynamically indicate one or more PSFCH transmission(s), container of the indication, etc.
· FFS: Whether such PSFCH occasions are within the same or different COT of corresponding PSSCH
· FFS: Whether/how to address PSFCH collision if any
· FFS: Whether/how to handle the linearly decreased PSFCH capacity



In RAN1 Meeting #112, the following agreements were made regarding PSFCH:
	(18) Agreement: To address PSFCH transmission dropping due to LBT failure:
· Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· Down-select one or support both of the followings
· Option 1: Such PSFCH occasion(s) are (pre-)configured
· Option 2: Such PSFCH occasion(s) are (pre-)configured and dynamically indicated
· FFS applicable scenarios, e.g., considering the applicability of COT sharing, MCSt, etc. 
· FFS other details 


Configurations on additional PSFCH resources:
If a UE has multiple PSFCH opportunities per PSCCH/PSSCH transmission either in time domain (multiple PSFCH time occasions) or in frequency domain for multi-channel case (e.g., simultaneous PSFCH transmissions in each RB-set) to provide feedback for each PSSCH, it increases the successful probability of HARQ feedback, even when the LBT procedure is not successful.
Moreover, for PSFCH resources in frequency domain with multi channels (e.g., two RB sets in two RB-set channels). When LBT passes for one channel, PSFCH conveying ongoing PSSCH HARQ feedback can be transmitted promptly in such channel. When LBTs pass for more than one channel, PSFCH in different RB-set may convey HARQ feedback of previous unacknowledged PSSCH to improve resource efficiency.
[bookmark: Proposal63329][bookmark: Proposal7552][bookmark: Proposal8536][bookmark: Proposal77985][bookmark: Proposal31068][bookmark: Proposal31069][bookmark: Proposal19785][bookmark: Proposal19786][bookmark: Proposal41811][bookmark: Proposal25425]Proposal 22: Multiple PSFCH transmission opportunities can be configured in time domain (i.e. multiple PSFCH time occasions) and/ or in frequency domain (i.e. simultaneous PSFCH transmissions in each RB-set).

Compensation loss caused by additional PSFCH resources:
It is expected that, if multiple occasions for PSFCH are supported to deal with the potential LBT failures, the total capacity will decrease linearly with the number of additional PSFCH occasions. Therefore, enhancements to compensate the loss of capacity caused by the additional PSFCH occasions need to be addressed.
[bookmark: Obs62475][bookmark: Obs97400][bookmark: Obs95246][bookmark: Obs17252][bookmark: Obs76676][bookmark: Proposal63330]Proposal 23: Enhancements to compensate the loss of capacity caused by the additional PSFCH occasions need to be addressed.

Rel-16 PSFCH resource (pre-)configuration was designed to reduce signalling overhead and reduce transmission collisions. A PSFCH resources is (pre-)configured for HARQ feedback for a subchannel. Rel-16 PSFCH resource (pre-)configuration is not resource efficient. Introducing additional PSFCH occasions (TDM like or FDM like schemes) to SL-U makes PSFCH capacity issue more severe. 
On the other hand, Rel-16 PSFCH resource (pre-)configuration is redundant. (Pre-)configured PSFCH resources may not be actual used (occupied) for PSFCH transmissions. For example, a HARQ feedback for a PSSCH occupying multiple subchannels only consumes one PSFCH resource out of multiple PSFCH resources associated with the PSSCH. Broadcast and unicast/groupcast with HARQ feedback disabled don’t consume (pre-)configured PSFCH resources. To compensate capacity loss caused by additional PSFCH occasions, CDM like scheme may be a choice, where (pre-)configured PSFCH resources for different occasions (first occasion and additional occasions) are overlapped in time/frequency domain. In an overlapped PSFCH resource, a HARQ feedback for higher priority PSSCH may be given precedence. A HARQ feedback for a PSSCH occupying multiple subchannels may be transmitted in a collision less PSFCH resource from multiple PSFCH resources instead of the default PSFCH resource in Rel-16.
[bookmark: Proposal63331]Proposal 24: To compensate capacity loss caused by additional PSFCH occasions, support CDM like scheme where (pre-)configured PSFCH resources for different occasions may be overlapped in time/frequency domain.

Semi-static configuration vs. Dynamic indication of additional PSFCH resources:
To cope with LBT failure, the additional PSFCH transmission opportunities can be either semi-static configured or dynamically indicated. 
Considering of semi-static configuration approach, a number of, M1, additional/secondary PSFCH resources can be configured to be associated with the original/primary PSFCH resource. Apparently, the higher number of M1 additional/secondary PSFCH resources to be configured, the higher chance of PSFCH channel can be transmitted, the better PSFCH transmission performance to cope with LBT failure. However, on the other hand, with higher number of M1 additional/secondary PSFCH resources to be configured, the transmission overhead is also quite high if the channel occupancy is getting lower. Practically, a good balance is required when configuring the value of M1. But for some scenarios, i.e. in case of fast variation of unlicensed-band channel occupancy, it may not be easy to setup this value to achieve certain spectrum efficiency with minimized configuration overhead.
[bookmark: Obs62202]Observation 6: For some scenarios, i.e. in case of fast variation of unlicensed-band channel occupancy, it may not be easy to configure the number of additional/secondary PSFCH resources in order to achieve certain spectrum efficiency with minimized configuration overhead.
Moreover, for legacy operation, for each PSFCH occasion, from a number of PSFCH reception occasions, the UE generates HARQ-ACK information to report to higher layer. And now by considering the number of additional/secondary PSFCH resources to be configured with association to an original/primary PSFCH resource, the procedure in TS38.213, section 16.3.1 may need to be re-visited, and identify whether or not the enhancements is needed in this aspect.
	TS38.213, section 16.3.1
<omitted text>


<omitted text>



[bookmark: Proposal63332]Proposal 25: By considering the number of additional/secondary PSFCH resources to be configured with association to an original/primary PSFCH resource, the procedure in TS38.213, section 16.3.1 may need to be re-visited, and identify whether or not the enhancements is needed in this aspect.
Considering of dynamic indication approach, it provides more flexibility with the allocation of additional/secondary PSFCH resource(s). And comparing with the semi-static configuration approach as discussed above, the dynamic indication manner may also allow to minimize the required overhead for additional/secondary PSFCH transmissions. For instance, in some cases, a dynamic configuration of the PSFCH resources can be indicated from the Tx UE to Rx UE on when and where there will be another opportunity for PSFCH transmission.
As the example illustrated in Figure 5, if the Tx UE fails the LBT and is not able to transmit the PSSCH at slot N, the COT is lost, and the Rx UE will not be able to send the PSFCH of a prior PSSCH (e.g. PSSCH at slot N-2) in such slot. Therefore, the Tx UE may dynamically inform the Rx UE of a new PSFCH resource in the next shared COT corresponding to the PSFCH for providing feedback for the missed PSSCH at slot N (that could not be sent). Alternatively, the mapping to a new PSFCH resource in a different COT may also be implicitly selected in the first slot of the next shared COT.
[image: ]
[bookmark: _Ref127546807]Figure 5: Example of dynamic PSFCH configuration being used to cope with LBT failure.
Furthermore, new features, such as multi-consecutive slots transmission (MCSt), were agreed to be supported in SL-U. The MCSt performed by a UE may cause other UEs not able to use preconfigured resources for PSFCHs. And the dynamic indication of PSFCH resources can be also applied for this issue. The MCSt Tx UE may dynamically indicate of new PSFCH resources that replace the impacted preconfigured PSFCH resources. 
	[bookmark: Proposal63333]Proposal 26: As for supporting more than 1 PSFCH occasion per PSCCH/PSSCH transmission, support both options: 
· Option 1: Such PSFCH occasion(s) are (pre-)configured 
· Option 2: Such PSFCH occasion(s) are (pre-)configured and dynamically indicated 




6	S-SSB and synchronization

Coping with LBT failures for S-SSB transmission:
In RAN1#110 meeting, it has been agreed that additional candidate S-SSB occasions are supported in addition to the legacy S-SSB occasions in R16/R17 NR SL design. Moreover, in RAN1 meeting #110b-e, the following agreements have been made (numbering added to facilitate the discussion), where the legacy SL S-SSB slots are excluded from the SL resource pool as legacy SL procedure (agreement (19)), and the number and time domain locations of the new introduced additional candidate S-SSB occasions can be (pre-)configured or (pre-)defined (agreement (20)). However, as noted in the agreement (19), it is still unclear whether or not the additional candidate S-SSB occasions are excluded from the resource pool or not. To our view, having the new additional candidate S-SSB occasions introduced to cope with LBT failures, in order to minimize the S-SSB slot transmission overhead, it should be considered to allow these new S-SSB slots to coexist at least in time domain with a resource pool. There could be PSSCH and S-SSB transmission in additional S-SSB occasions in the same slot and if the frequency separation between the transmissions is large enough, both may be received. To better protect S-SSB transmission, in additional S-SSB occasions, while S-SSB can be transmitted with a CPE, PSSCH can be transmitted with no CPE. From a Tx UE perspective that failed to transmit S-SSB in the legacy slot the UE should only transmit S-SSB in additional S-SSB occasion and drop other transmissions if the S-SSB transmission coincide with other transmissions. To avoid overhead UE should only transmit S-SSBs in the additional occasions if the S-SSB transmission in the legacy occasion could not be performed.

	(19) [bookmark: _Ref118280107]Agreement: At least R16/R17 NR SL S-SSB slots are excluded from SL resource pool.
Note: whether or not additional candidate S-SSB occasions are excluded from resource pool will be discussed after the details of additional candidate S-SSB occasions are clearer

(20) [bookmark: _Ref118280142]Agreement: Regarding additional candidate S-SSB occasions:
· Their number and time domain locations are (pre-)configured or pre-defined



In the RAN1#111 meeting the following agreements related to time domain occasions S-SSB were made: 

	(21) [bookmark: _Ref131748772]Agreement
Regarding the number and location(s) of additional candidate S-SSB occasions, RAN1 further study the followings:
· Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS
· Option 2: Each R16/R17 NR SL S-SSB slot has K corresponding additional candidate S-SSB occasion, and the gap between them is (pre-)configured
· FFS details, e.g., value of K, details on gap length, etc.
· Option 3: The number and location(s) of additional candidate S-SSB occasions are separately (pre-)configured
· Option 4: Introduce M contiguous candidate S-SSB occasions in one S-SSB period
· Option 5: the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number

(22) Agreement
Regarding additional candidate S-SSB occasions:
· In the same S-SSB period, RAN1 further study the followings:
· Alt 1: UE attempts to transmit on all or some of additional candidate S-SSB occasion(s) only when it fails to transmit on R16/R17 S-SSB occasion(s)
· Alt 2: UE attempts to transmit on all additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
· Alt 3: UE can attempt to transmit on all or some of additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
· Alt 4: upon LBT failure on a (candidate) S-SSB occasion, a UE attempts to transmit on the subsequent additional candidate S-SSB occasion if within a period S-SSB transmission has not been transmitted in any prior occasions
· FFS details




In the RAN1#112 meeting the following agreements related to S-SSB were made: 

	
(23) Agreement
Down-select one or support both of the followings:
· Option 1: Additional candidate S-SSB occasions are excluded from resource pool
· Option 2: Additional candidate S-SSB occasions belong to resource pool
· Note: Companies are encouraged to consider aspects including: S-SSB resource overhead, Tx/Rx UE behavior (e.g., whether any blind detection in Option 2), applicable scenarios, etc.






[bookmark: _Hlk130895463]Regarding the location and the number of additional S-SSB occasions we think that the configuration of additional S-SSB slots should be flexible enough. Our understanding is that option 3 in the agreement (21) above is the default if other options cannot be agreed. The option 2 can also provide sufficient flexibility and it may be selected if signalling overhead of option 3 is too large.

If a UE fails to transmit S-SSB in the legacy R16/R17 occasion, the UE should try to transmit S-SSB in the configured additional S-SSB occasion. If S-SSB transmission fails also in the first additional S-SSB occasion the UE should try the next additional S-SSB occasion if it is configured. Otherwise, S-SSB transmission related to the legacy R16/R17 occasion is dropped.

To increase the probability of successful S-SSB transmission in a slot, CP extension (CPE) based operation can be introduced so that if a UE with longer CPE cannot transmit S-SSB due to LBT failure then some other UE with shorter CPE could still transmit S-SSB in the same occasion. 
[bookmark: Proposal96019][bookmark: Proposal41812][bookmark: Proposal25426][bookmark: Proposal8538][bookmark: Proposal77987]
[bookmark: Proposal63334][bookmark: Proposal31073][bookmark: Proposal19790][bookmark: Proposal23521][bookmark: Proposal97202][bookmark: Proposal83234][bookmark: Proposal14245][bookmark: Proposal85305]Proposal 27: Additional candidate S-SSB occasions belong to resource pool (Option 2).
[bookmark: Proposal63335]Proposal 28: In additional S-SSB occasions, support transmitting S-SSB with a CPE and transmitting PSSCH with no CPE, to better protect S-SSB transmission and still allow PSSCH transmission when S-SSB is absent.
[bookmark: Proposal23522][bookmark: Proposal97203][bookmark: Proposal83235][bookmark: Proposal14246][bookmark: Proposal85306][bookmark: Proposal63336]Proposal 29: The number and location(s) of additional candidate S-SSB occasions are separately configured (Option 3).
[bookmark: Proposal23523][bookmark: Proposal97204][bookmark: Proposal83236][bookmark: Proposal14247][bookmark: Proposal85307][bookmark: Proposal63337]Proposal 30: UE attempts to transmit on all or some of additional candidate S-SSB occasion(s) only when it fails to transmit on R16/R17 S-SSB occasion(s) (Alt 1).

Complying with OCB and PSD regulations for S-SSB transmission:
In RAN1 Meeting #110, the following agreements were made regarding compliance with OCB and PSD regulations for S-SSB transmission (numbering added to facilitate the discussion):
	(24) Agreement: For S-SSB and synchronization in SL-U: 
· No changes on R16 NR SL S-PSS/S-SSS sequence generation
· Continue studying the 4 options from the previous agreement and whether/how temporary exemption of OCB requirement is applicable for S-SSB transmission, e.g., how to meet the minimum of 2 MHz requirement under 15 kHz SCS




In RAN1#112 meeting the options for S-SSB enhancements to be considered to comply with OCB and PSD requirements were agreed as follows:
	(25) [bookmark: _Ref131749206]Agreement
For S-SSB transmission within 1 RB set, down-select to one or more of the following for 15 kHz and 30 kHz SCS:
· Option 1-1: Using interlaced RB transmission for all of S-PSS/S-SSS/PSBCH
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set, e.g. whether 1 or 2 interlaces will be used for S-SSB
· Option 3-1: Transmit S-PSS/S-SSS/PSBCH N times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap between repetitions is (pre-)configured or pre-defined, value of N (e.g., N=2), how to reduce PAPR, etc.
· FFS gap of 0
· Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH

(26) Agreement
RAN1 further study the followings:
· Whether/how to maintain a COT when the COT contains multiple RB sets and includes S-SSB slot(s), e.g., whether to transmit S-SSB repetitions in more than one RB set, etc.




Based on the agreements and FFS on OCB and PSD requirement from RAN1#112, on the 5 GHz bands the transmission BW may temporarily be less than 80% of the Nominal Channel BW during a channel occupancy time in option A of the agreement (25), with a minimum BW being 1.9 MHz for S-PSS/S-SSS. If it is necessary to increase the BW to 2 MHz S-PSS/S-SSS sequences could be extended cyclically so that the length of the sequence is at least 134 elements.
[bookmark: _Hlk117691020]Regarding option 1-1 of the agreement (25) interlaced RB transmission is not suitable for S-PSS/S-SSS since non-uniform distribution of sequence elements degrades synchronization performance. To justify the above argument, simple evaluation on S-PSS can be used to compare S-PSS transmission occupying continuous 11 RBs (mapping method-1 in Figure 6) and interlaced RBs (mapping method-2 in Figure 6). The comparison metric is correlation in time domain for time synchronization (with local sequence). FFT size: 1024; SNR per subcarrier: -3dB; AWGN channel. As shown in Figure 6, while mapping method-1 yields good correlation peak with relatively narrow peak window size (about 8 samples), mapping method-2 yields two-tier correlation peaks with 1st tier having relatively large peak window size (about 80~100 samples) and 2nd tier peak having very narrow peak window size. Generally, the correlation property of mapping method-1 is superior to the mapping method-2 in timing synchronization. It’s noted that another drawback of mapping method-2 is the potential filtering operation before the timing synchronization. For mapping method-1, filtering is easy to implement, while it may be difficult to implement the filtering for the mapping method-2. We think that the option A should be used whenever it is allowed by the regulation. If in addition to option A transmission method fulfilling OCB requirements is needed, then Option 3-1 can be considered. 
[image: ]
[bookmark: _Ref118280628]Figure 6: comparison of correlation for time synchronization with S-PSS transmission occupying continuous 11 RBs (mapping method-1) and interlaced RBs (mapping method-2).

Regarding the question on S-SSB transmission when SL BWP contains multiple RB sets, we think that UE should not be required to transmit S-SSB in more than one RB set in a slot. It should be noted that NR-U design does not seem to have introduced SSB in more than one RB set provided by gNB. In addition, in the current SL design, the S-SSB position is related to the SL BWP configuration, which means that SL UEs configured with a certain BWP should be able to monitor S-SSBs within it. Thus, in our view, it should not be in the scope to support S-SSB per RB set as UEs should be able to monitor the whole configured SL BWP.  

[bookmark: Proposal7554][bookmark: Proposal8539][bookmark: Proposal77988][bookmark: Proposal31074][bookmark: Proposal19791][bookmark: Proposal23524][bookmark: Proposal97205][bookmark: Proposal83237][bookmark: Proposal14248][bookmark: Proposal85308][bookmark: Proposal63338]Proposal 31: For S-SSB transmissions within 1 RB set OCB exemption is applied to all of S-PSS/S-SSS/PSBCH (option A) whenever allowed by regulation..  
[bookmark: Proposal63339][bookmark: Proposal23526][bookmark: Proposal97207][bookmark: Proposal83239][bookmark: Proposal14250][bookmark: Proposal85310][bookmark: Proposal7555][bookmark: Proposal8540][bookmark: Proposal77989][bookmark: Proposal96021][bookmark: Proposal41815][bookmark: Proposal25429]Proposal 32: Transmission of S-SSB in more than one RB set in a slot is not supported.




7	 Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we discussed physical channel design for SL-U and make the following observations and proposals:

Proposal 1: Do not utilize the guard band RBs for PSFCH/S-SSB transmission.

Slot structure
Proposal 2: For SL-U with two starting symbols within a slot, option 1 (i.e., the reference number of symbols is dynamically indicated by Tx UE) in Agreement (3) shall be supported with flexible TBS determination, where in such case configuring a different reference number of symbols for transmissions within a shared COT is not needed.
Observation 1: Full-slot transmission from the 1st starting symbol without the 2nd AGC symbol may cause AGC issue to the Rx UE.
Observation 2: The 1st starting symbol with the 2nd AGC may conquer the issue of AGC to Rx UE, but it may lead to transmission inefficiency, since the 2nd symbol cannot be used for decoding purpose.
Observation 3: Considering operation of a slot with 2 starting symbols together with MCSt scheme, the introduced overhead of the 2nd AGC could be large.
Proposal 3: For Tx UE behavior, if PSCCH/PSSCH transmission starts from the 1st starting symbol, the PSCCH/PSSCH can have 1 or 2 symbols for AGC purpose.
Proposal 4: For MCSt transmissions within a COT, it can be operated based on Tx UE indication with either 1 or 2 symbols for AGC purpose.
Proposal 5: For Rx UE behavior, whether the Rx UE monitors the 2nd AGC symbol for full-slot transmission can be up to either UE implementation or based on slot structure indication from Tx UE if specified.
Contiguous RB-based PSCCH/PSSCH transmission
Observation 4: For the mapping between subchannel and PRBs in SL-U, there can be “remaining PRBs” after the mapping either due to the total number of PRBs in the RP that cannot be divided by the configured subchannel size or due to the PRBs of subchannel are overlapped with the configured Guard Band PRBs between RB sets.
Proposal 6: Considering improving the transmission spectrum efficiency, it is proposed to specify schemes to best utilize the “remaining PRBs” for SL-U operation.
Proposal 7: For utilizing the “remaining PRBs”, if the number of the remaining PRBs is larger than a given minimum subchannel size, it can still be considered by UE as a subchannel.
Proposal 8: If the number of the remaining PRBs is small, it can be considered to combine with extending the number of PRBs of the previous subchannel.
Interlace RB-based PSCCH/PSSCH transmission
Proposal 9: For interlace RB-based PSSCH transmission support Option 2 with explicit indicating by using sub-channel index(s) for FRIV.
Proposal 10: Check with RAN4 whether or not the Option B with different interlace index(s) in different RB sets may cause higher PAPR for SL-U operation.

Proposal 11: Considering the guard band RBs used for interlaced RB based PSSCH transmission, the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets.
Proposal 12: For interlace RB-based transmission, 1 sub-channel equals K interlace(s), where the value of K is 1 by default, and the value of K can be larger than 1 by (pre-)configuration.
Proposal 13: Frequency resource mapping granularity of PSCCH to interlaces can be considered to be independent of the number of interlaces per sub-channel (i.e. the K-value).
Proposal 14: Discuss how to map the PSCCH and PSSCH frequency resources to the K sub-channel interlaces of the lower sub-channel of lowest RB set.
Proposal 15: Considering limited TUs left in Rel-18 SL-U, Rel-18 SL-U only supports UEs have the same bandwidth capability in a resource pool.
On In Band Emission (IBE) Impact
Observation 5: With interlace RB-based allocation, interference due to in-band emission (IBE) is aggravated for near-far scenario encountered in sidelink communication. 
Proposal 16: Address the impact of IBE for the interlace RB-based transmissions.
Proposal 17: To mitigate impact of interference caused by IBE, SL-U TX UEs can change the transmission starting point (e.g., via CP extension or AGC puncturing) for preventing transmissions to begin in neighbour interlaces which cause IBE related interference to an RX UE.
PSFCH
Proposal 18: Considering of limited TUs left in Rel18 SL-U WI, it prefers not to introduce new PSFCH format in Rel18 SL-U.

Proposal 19: Regarding PSFCH, prioritize Alt.1-1a with K3 being configurable as enhancement to interlaced FDM schemes for PSFCH to comply with OCB and PSD regulations, while maximizing the PSFCH capacity. 

Proposal 20: For PSFCH Alt 1-1a (and 3-2a), the transmission power on the common RBs is set as low as possible, while still ensuring that 99% of the power of the signal (common and dedicated PSFCH RBs) has a bandwidth of at least 80% of the channel BW.

Proposal 21: Based on the outcome of offline discussions during RAN1#112 meeting, the work related to SCS 60kHz are deprioritized.
Proposal 22: Multiple PSFCH transmission opportunities can be configured in time domain (i.e. multiple PSFCH time occasions) and/ or in frequency domain (i.e. simultaneous PSFCH transmissions in each RB-set).

Proposal 23: Enhancements to compensate the loss of capacity caused by the additional PSFCH occasions need to be addressed.
Proposal 24: To compensate capacity loss caused by additional PSFCH occasions, support CDM like scheme where (pre-)configured PSFCH resources for different occasions may be overlapped in time/frequency domain.
Observation 6: For some scenarios, i.e. in case of fast variation of unlicensed-band channel occupancy, it may not be easy to configure the number of additional/secondary PSFCH resources in order to achieve certain spectrum efficiency with minimized configuration overhead.
Proposal 25: By considering the number of additional/secondary PSFCH resources to be configured with association to an original/primary PSFCH resource, the procedure in TS38.213, section 16.3.1 may need to be re-visited, and identify whether or not the enhancements is needed in this aspect.

	Proposal 26: As for supporting more than 1 PSFCH occasion per PSCCH/PSSCH transmission, support both options: 
· Option 1: Such PSFCH occasion(s) are (pre-)configured 
· Option 2: Such PSFCH occasion(s) are (pre-)configured and dynamically indicated 


S-SSB and synchronization
Proposal 27: Additional candidate S-SSB occasions belong to resource pool (Option 2).
Proposal 28: In additional S-SSB occasions, support transmitting S-SSB with a CPE and transmitting PSSCH with no CPE, to better protect S-SSB transmission and still allow PSSCH transmission when S-SSB is absent.
Proposal 29: The number and location(s) of additional candidate S-SSB occasions are separately configured (Option 3).
Proposal 30: UE attempts to transmit on all or some of additional candidate S-SSB occasion(s) only when it fails to transmit on R16/R17 S-SSB occasion(s) (Alt 1).
Proposal 31: For S-SSB transmissions within 1 RB set OCB exemption is applied to all of S-PSS/S-SSS/PSBCH (option A) whenever allowed by regulation..  
Proposal 32: Transmission of S-SSB in more than one RB set in a slot is not supported.
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[bookmark: _Ref118464615]A.1	Appendix
The parameters used in the simulations are provided in the following table:

[bookmark: _Ref118721459]Table 1: Evaluation assumption parameters
	Parameters
	SL-U
	WIFI

	Layout
	Indoor 120 x 80m

	Propagation scenario
	NR InH Mixed Office

	UE distribution
	12 SL-U UEs Uniformly distributed,
3 km/h speed
	12 WiFi STAs Uniformly distributed,
3 km/h speed

	Carrier and Bandwidth
	5GHz, 20MHz

	SCS
	15kHz
	

	PHY
	100 RBs per subchannel
(1 subchannel RP in 20MHz)
	

	Receiver
	MMSE-IRC

	UE/STA antenna Array configuration
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Max Rank
	1

	UE/STA TX power
	18 dBm including antenna gain (0 dBi)

	MCS
	Max Modulation supported 256QAM 4/5

	Traffic model
	FTP3 aperiodic traffic, 500kB packet, 1500B PDU,
Variable load

	Pairing
	Unicast/Unidirectional
Tx UE pairs with first strongest Rx UE
	UL traffic direction

	LBT
	LBT Type 1 with CAPC p = 4
COT duration: 6ms
	

	EDT
	-72dBm

	Starting symbol
	1st Starting Symbol: 0
2nd Starting Symbol: 1-7 (not applicable if only 1 starting symbol) 
	

	Channel model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability
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16.3.1  UE procedure for receiving PSFCH with control information

A UE that transmitted a PSSCH scheduled by a SCI format 2-A/2-B/2-C that indicates HARQ feedback enabled.
attempts to receive associated PSFCHs with HARQ-ACK information according to PSFCH resources determined as
described in clause 16.3.0. The UE determines an ACK or a NACK value for HARQ-ACK information provided in
each PSFCH resource as described in [8-4, TS 38.101-4]. The UE does not determine both an ACK value and a NACK
value at a same time for a PSFCH resource.

For each PSFCH reception occasion, from a number of PSFCH reception occasions. the UE generates HARQ-ACK
information to report to higher layers. For generating the HARQ-ACK information. the UE can be indicated by a SCI
format to perform one of the following

if the UE receives a PSFCH associated with a SCI format 2-A with Cast type indicator field value of "10" or a
SCI format 2-C

- report to higher layers HARQ-ACK information with same value as a value of HARQ-ACK information that
the UE determines from the PSFCH reception

if the UE receives a PSFCH associated with a SCI format 2-A with Cast type indicator field value of "01"

- report an ACK value to higher layers if the UE determines an ACK value from at least one PSFCH reception
occasion from the number of PSFCH reception occasions in PSFCH resources corresponding to every
identity Mpp of UES that the UE expects to receive corresponding PSSCHs as described in clause 16.3;
otherwise. report a NACK value to higher layers

if the PSFCH reception occasion is associated with a SCI format 2-B or a SCI format 2-A with Cast type
indicator field value of "11"

- report to higher layers an ACK value if the UE determines absence of PSFCH reception for the PSFCH
reception occasion; otherwise, report a NACK value to higher layers
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