

3GPP TSG RAN WG1 #113		R1-2305380
Incheon, Korea, May 22nd - May 26th, 2023
Agenda item:	9.4.1.2
Source: 	ZTE, Sanechips
Title: 	Discussion on physical layer structures and procedures for SL-U
Document for:	Discussion and decision
Introduction
In this paper, further analysis about slot structure, resource pool configuration, PSFCH and S-SSB related issues are provided based on the conclusions and agreements made in previous meetings [1][2]. 
Discussions 
Slot structure 
In this section, the slot structure of PSCCH/PSSCH and SSB are discussed respectively.
Slot structure for PSCCH/PSSCH
For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission, if legacy NR SL structure are reused, then PSCCH is located in the first symbol of PSSCH region. If the channel is cleared at 1st starting symbol, then UE will transmit PSCCH/PSSCH from 1st starting symbol to the last SL symbol before the gap symbol in the slot. And if the channel is cleared at the 2nd starting symbol, then UE will transmit PSCCH/PSSCH from 2nd starting symbol to the last SL symbol before the gap symbol in the slot, as shown in Figure 1. 


        
(a) Transmission from 1st starting symbol            (b) Transmission from 2nd starting symbol
Figure 1 Legacy NR SL structure reused for slots with 2 candidate starting symbols
In our opinion, legacy NR SL structure is in-appreciative to be reused for slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission. 
For one thing, the number of PSCCH that supports for reception in a slot is at most 2*floor (NRB /10 RBs) or floor (NRB /10 RBs) based on the value of ‘pscch-RxSidelink’ [5], if two potential PSCCH occasions are defined in a slot, then the PSCCH blind decoding number in a slot will be beyond UE’s capacity in some cases. For another, UE usually need time of  to prepare a new TB, even if we assume that data preparation is done in advance and channel coding is done by physical layer procedure according to the 1st starting symbol, but if UE fails to access the channel, there is not likely to be enough time to perform physical layer rate matching and resource mapping again according to the 2nd starting symbol in the same slot. The UE implementation complexity is equivalent for preparing two TBs, which was ruled out in previous meeting.
[bookmark: _Toc131788898][bookmark: _Toc131768838][bookmark: _Toc131794456][bookmark: _Toc131794216][bookmark: _Toc131794546]If legacy NR SL structure were reused for slots with 2 candidate starting symbols, two problems would need to be handled:
[bookmark: _Toc131794547][bookmark: _Toc131794457][bookmark: _Toc131788899][bookmark: _Toc131794217][bookmark: _Toc131768839]At Rx UE side, the PSCCH blind decoding number in a slot will be beyond UE’s capacity 
[bookmark: _Toc131794548][bookmark: _Toc131768840][bookmark: _Toc131788900][bookmark: _Toc131794458][bookmark: _Toc131794218]At Tx UE side, physical layer rate matching and resource mapping adjustment according to 2nd starting symbol after 1st starting symbol when LBT fails at 1st starting symbol will be beyond UE’s capacity 
To overcome the problem described above, the PSCCH can be placed on a common position for two starting symbols(as shown in Figure 2), and at least two advantages can be exploited:
· Advantage1: same PSCCH/PSSCH mapping for PSCCH/PSSCH transmission from 1st or 2nd starting symbol can be achieved
· Advantage2: no matter which starting symbol is finally used at the Tx UE side, only one PSCCH blind decoding occasion per slot as legacy NR SL is needed


Figure 2 Common PSCCH resource for 2 candidate starting symbols slot structure
The common symbol position of PSCCH can be (pre)defined, for example, the start symbol of common PSCCH can be defined next to the (pre-)configured 2nd PSCCH/PSSCH transmission starting symbol. When Tx UE performed resource mapping based on 1st or 2nd starting symbol, but finally obtains the channel at 2nd starting symbol, then a punctured PSSCH transmission can be performed. And Rx UE only needs to detect once PSCCH at the known occasion.
[bookmark: _Toc127276045][bookmark: _Toc131788901][bookmark: _Toc131794459][bookmark: _Toc131794549][bookmark: _Toc131768841][bookmark: _Toc131794219]Common PSCCH time domain position for both 1st and 2nd starting symbol within slot is beneficial due to:
[bookmark: _Toc131794550][bookmark: _Toc131794381][bookmark: _Toc131768842][bookmark: _Toc127276046][bookmark: _Toc131794460][bookmark: _Toc131788902]Same PSCCH mapping based on 2nd starting symbol for both 1st and 2nd starting symbol from Tx UE respective
[bookmark: _Toc131794461][bookmark: _Toc131788903][bookmark: _Toc127276047][bookmark: _Toc131768843][bookmark: _Toc131794551][bookmark: _Toc131794382]Not increasing the PSCCH blind decoding complexity from RX UE respective
[bookmark: _Toc127276067][bookmark: _Toc131788915][bookmark: _Toc131768856][bookmark: _Toc131794473][bookmark: _Toc135063143][bookmark: _Toc131794563][bookmark: _Toc131794383]To address not increasing UE implementation complexity, for a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
[bookmark: _Toc131794564][bookmark: _Toc131794384][bookmark: _Toc131794474][bookmark: _Toc131788916][bookmark: _Toc131768857][bookmark: _Toc135063144][bookmark: _Toc127276050]Support common PSCCH time domain position which is next to 2nd PSCCH/PSSCH transmission starting symbol 
[bookmark: _Toc131788917][bookmark: _Toc135063145][bookmark: _Toc131794385][bookmark: _Toc131794565][bookmark: _Toc131768858][bookmark: _Toc131794475]Only once PSCCH/PSSCH mapping based on 1st or 2nd starting symbol for both 1st and 2nd starting symbol transmission
Slot structure for S-SSB
If S-SSB occupies all the symbols within a slot as legacy NR SL, then the S-SSB cannot be sent in current slot if UE fails to access the channel at the first symbol of the slot. In order to alleviate the impact to S-SSB transmission due to LBT failure, fewer symbols than legacy 11PRB S-SSB structure can also be considered to carry the same S-SSB contents. The reserved S-SSB symbols in the slot can be used as the 2nd or other starting symbols similar as PSCCH/PSSCH to access the channel, as shown in Figure 3:


                 
(a): S-SSB occupies all the symbols within a slot            (b): S-SSB occupies part of symbols within a slot   
Figure 3 S-SSB slot structure comparison
Whenever the channel is sensed to be idle in part1 (at any symbol within the reserved symbols) where multiple symbols used as starting position are included, UE should transmit the remaining symbols in part 1 and the S-SSB content part (part2) in the S-SSB slot. In this way, Tx UE can have more chance to transmit the S-SSB in current slot. And the signal transmitted in part 1 can be the repetition of some symbols of S-SSB part (part2).
[bookmark: _Toc118738974][bookmark: _Toc127276085][bookmark: _Toc118727127][bookmark: _Toc118730494][bookmark: _Toc131788951][bookmark: _Toc135063146][bookmark: _Toc131768890][bookmark: _Toc131794509][bookmark: _Toc131794419][bookmark: _Toc131794599]Support two or more candidate starting symbols for S-SSB transmission.
AGC issue for PSCCH/PSSCH transmission
The AGC issue was not discussed due to the limit time budget in last meeting, the agreement in RAN1#111 is as below:
	Agreement (RAN1#111)
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


Since UE may start at 1st or 2nd symbol, besides 1st starting symbol, if the 2nd starting symbol is used for AGC symbol, it will lead to more overhead and specification impact from Tx UE respective, so option 2 is preferred that the PSCCH/PSSCH transmission has only 1 symbol for AGC purpose at 1st symbol. 
However, from Rx UE respective, it is left to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot.
[bookmark: _Toc135063147][bookmark: _Toc131794386][bookmark: _Toc131794566][bookmark: _Toc131768859][bookmark: _Toc131788918][bookmark: _Toc127276068][bookmark: _Toc131794476]For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, if PSCCH/PSSCH transmission starts from 1st starting symbol, support Option 2 + Option D:
[bookmark: _Toc131794567][bookmark: _Toc127276051][bookmark: _Toc131794477][bookmark: _Toc131788919][bookmark: _Toc131794387][bookmark: _Toc131768860][bookmark: _Toc135063148]Regarding Tx UE behaviour, PSCCH/PSSCH transmission has only 1 AGC symbol as Rel-16 NR SL UE at 1st starting symbol
[bookmark: _Toc127276052][bookmark: _Toc131768861][bookmark: _Toc135063149][bookmark: _Toc131788920][bookmark: _Toc131794388][bookmark: _Toc131794478][bookmark: _Toc131794568]Regarding Rx UE behaviour, it is left to UE implementation to monitor 1 or 2 symbol(s) for AGC purpose
TBS determination
	Agreement
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference number of symbols (denoted as L_ref)
· Support the followings
· Alt 1: Support Option 4 only
· Note: the options are as below
· Option 4: The reference number of symbols is determined by (pre-)configuration 
· FFS details, e.g., in TS 38.214 Clause 8.1.3.2, whether L_ref replaces  or sl-LengthSymbols or other usage of L_ref, whether  is determined in the same way as in legacy NR SL, etc.
Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U, considering 1 sub-channel equals K interlace(s), support the followings:
· Option A: 
· TBS is determined based on a reference number of PRBs of one interlace within 1 RB set (denoted as N_ref), down-select one of the followings in RAN1#113:
· Option A1: N_ref is a fixed value, e.g., 10, 11
· Option A2: N_ref is (pre-)defined
· e.g., N_ref is the average number of PRBs per interlace, which is determined by total number of PRBs of the RP divided by the number of interlaces.
· Option A3: N_ref is (pre-)configured
· Option A4: N_ref is dynamically indicated by Tx UE
· Note: The number of PRBs within a sub-channel can be different among sub-channels in a single resource pool subject to (pre-)configuration.
· FFS: for TBS determination, whether/how to handle the impact of additional available  PRB(s) in intra-cell guard band(s) for PSCCH/PSSCH transmission across multiple RB sets


Usually TBS is determined according to both reference symbols in time domain and reference REs in frequency domain. The two factors are discussed below respectively.
Time domain consideration
As  is always equal to sl-LengthSymbols-2, there is no technical difference between L_ref replacing  or sl-LengthSymbols to derive the value of . For simplicity, the (pre-)configuration of L_ref can be similar as NR legacy SL sl-LengthSymbols which is also a (pre-)configured value to determine the TBS so that their value range could be exactly the same. In legacy NR SL value of the sl-LengthSymbols can be (pre)configured from 7 to 14, so value range of L_ref can also be from 7 to 14. Then for TBS determination for a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, the symbol number used to calculate TBS should consider L_ref - 2 as well instead of legacy sl-LengthSymbols -2 -  only.
[bookmark: _Toc135063150]If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
[bookmark: _Toc135063151]Value range of reference number of symbols (L_ref) can be from 7 to 14
In legacy NR SL Rel-16/17, the number of symbols used to calculate TBS is sl-LengthSymbols -2-, and value of  is determined by PSFCH (pre-)configuration and/or indicated in SCI such that the TBS of the transmissions associated with the same TB is same. In SL-U, this principle should also be observed, which is beneficial for HARQ combination at the Rx side.
[bookmark: _Toc135063152]For HARQ combination at the Rx side, TBS of the transmissions associated with the same TB should be same as legacy NR SL
It was agreed that slots with PSFCH symbols only have 1 candidate starting symbol for PSCCH/PSSCH. So the TBS determination situation is related to the PSFCH (pre-)configuration, below are some exemplary cases reflecting the TBS determination considering PSFCH overhead.
· Case 1: Resource pool with PSFCH period=1
· Case 2: Resource pool with PSFCH period=0
· Case 3: Resource pool with PSFCH period>1
For case 1, all the transmissions of a TB will occur on the slots with PSFCH symbols, as shown in Figure 4, then legacy TBS determination method can be reused. For example, sl-LengthSymbols -2- can be used by Tx UE to determine the TBS in this situation, value of  is indicated in SCI such that the TBS of the transmissions of the same TB is same. For such case, the parameter L_ref is not (pre-)configured according to current agreement.


Figure 4 Case1: Transmissions within resource pool with PSFCH period=1
For case 2, all the transmissions of a TB will occur on the slots without PSFCH symbols, as shown in Figure 5. For example, L_ref -2 can be used by Tx UE to determine the TBS. 


Figure 5 Case2: Transmissions within resource pool with PSFCH period=0
For case 3, some of the transmissions of a TB may occur on slots without PSFCH symbols but with two candidate starting symbols and some of the transmissions of a TB may occur on slots with PSFCH symbols with only the first starting symbol available, as shown in figure 6 for example, then how to use L_ref should be further discussed.
It is not suitable to use L_ref -2 to determine the TBS without considering the overhead of PSFCH. First of all, under such case, it's our understanding that the legacy indication flexibility of whether to consider PSFCH overhead should be left totally to UE. Secondly, with a setting of L_ref being the same as sl-LengthSymbols , e.g. 14 (considering the case when channel clearance can be successfully performed at the first starting symbol), an error case may happen if all transmission slots for a TB transmissions are selected with PSFCH occasions. L_ref -2 will be 12 and is larger than the number of symbols (i.e. 9) available to carry the TB over these slots with PSFCH resources, and the effective code rate for transmission will be way too high than the actual transmission code rate and worse still be higher than 1. 
 is determined in the same way as in legacy NR SL
On the other hand, it is also not suitable to use L_ref - 2-   to determine the TBS. With a typical setting of L_ref (e.g. 7) being less than sl-LengthSymbols considering the second starting point may be used for some transmissions of a TB, and if the PSFCH overhead indication of , the number of symbols using L_ref -2-  may be way too fewer (i.e. 2) than the number of symbols of all the slots available to carry the TB. This will lead to a very low spectral efficiency.


Figure 6 Case3: Transmissions within resource pool with PSFCH period >1
[bookmark: _Toc135063154]For resource pool with PSFCH period equal to one, the number of symbols to determine TBS at Rx UE is sl-LengthSymbols -2- because there is no L_ref configured.
[bookmark: _Toc135063155]For resource pool with PSFCH period equal to zero, the number of symbols to determine TBS at Rx UE is L_ref -2 because all the slots have two candidate starting symbols.
Based on the analysis above, for the case 3 where the PSFCH period of resource pool is larger than one, a reasonable approach to determine the same TBS of the transmissions associated with the same TB and recognize the number of symbols to determine TBS at Rx UE side needs to be specified. 
For resource pool with PSFCH period larger than one, it not clear whether L_ref-2 or sl-LengthSymbols -2- is used to calculate TBS at Rx UE side.
If L_ref -2 is used to determine TBS, then the flexibility of PSFCH indication is not exploited and will lead to high code rate transmission. If L_ref -2- is used to determine TBS, then the number of symbols used for TBS determination may be too small which will lead to low code rate and low spectral efficiency transmission. In our opinion, a predefined manner such as min(L_ref-2,sl-LengthSymbols -2-) can be considered to avoid both the insufficient symbol numbers carrying the TB and maintaining reasonable spectral efficiency.
[bookmark: _Toc135063156]For resource pool with PSFCH period larger than one, the number of symbols to determine TBS at Rx UE is min(L_ref-2,sl-LengthSymbols -2-).
Frequency domain consideration
For the reference number of PRBs of one interlace within 1 RB set, four options were discussed to be down-selected in this meeting. In our opinion, N_ref can be set as 10 for simplicity, and then the subchannel size can be 10*K where K is the number of interlaces contained within a subchannel. For TB transmissions occupying multiple RB set, since it is UE implementation that whether the RB set number of a TB’s re-transmission can be changed for resource selection flexibility, in this case, the PRBs in guard band can be dynamically indicated in SCI, which is similar to the logic of PSFCH symbol usage to determine TBS in time domain.
[bookmark: _Toc135063157]For interlace RB-based PSCCH/PSSCH transmission in SL-U, considering 1 sub-channel equals K interlace(s), support that:
[bookmark: _Toc135063158]N_ref is fixed as 10
[bookmark: _Toc135063159]The PRBs in guard band can be dynamically indicated in SCI for TB transmission occupying multiple RB set
S-SSB 
For S-SSB transmission, the frequency domain and time domain design have been discussed several times, the agreements in last meeting are as below:
	Agreement
When the SL-BWP contains multiple RB sets, study the followings:
· When UE attempts to transmit S-SSB in a S-SSB occasion (e.g., R16/17 S-SSB occasion, R18 additional candidate S-SSB occasion)
· Alt 1: UE may transmit S-SSB repetition in more than one RB set 
· FFS details, e.g., location of such S-SSB repetition(s) (e.g., (pre-)configured and/or pre-defined), whether/how to address potential power reduction and/or potential fluctuation of PSBCH-RSRP
· FFS: the relationship with UE’s COT
· FFS: the scenario that UE may or may not transmit S-SSB repetition in more than one RB set
· Note: whether UE can transmit S-SSBs over non-contiguous RB sets is subject to RAN4’s reply, details can be found in RAN1’s LS to RAN4 in R1-2304218
Agreement
For S-SSB transmission within 1 RB set, for 15 kHz and 30 kHz SCS, Alt6 is supported:
· Alt 6: Support both Option 3-1(revised) and Option B, and enable one of them by (pre-)configuration
Note: the Options are as below
· 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(revised): Transmit legacy 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 the length of gap between repetitions is (pre-)configured or pre-defined, value of N (e.g., N=2), whether/how to reduce PAPR.
· FFS gap of 0
· Option A: Legacy S-SSB
· Continue studying how to meet the minimum 2 MHz requirements under 15 kHz SCS for OCB exemption.
· Option B: Legacy S-SSB
· RAN1 does not pursue further study on how to meet the minimum 2 MHz requirements under 15 kHz SCS for OCB exemption.
Note: Option A and B are applicable in region with no OCB requirement, or with OCB exemption.

Conclusion
Regarding additional candidate S-SSB occasions, in the same S-SSB period, UE can attempt to transmit on additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s).
Working assumption
Additional candidate S-SSB occasions are excluded from resource pool


For the S-SSB slots, some companies suggest maintaining the COT when the COT contains multiple RB sets and includes S-SSB slot(s). In our opinion, such solution is not necessary for the following reasons:
1) Synchronization performance could degrade due to the reduced transmit power per S-SSB occasion.
2)The frequency range for a COT is UE specific, that means the SSB coverage will decrease because S-SSB will not be transmitted in SFN manner. The S-SSB detection complexity would increase at RX UE side as Rx UE may has no knowledge about the COT information before S-SSB detection
[bookmark: _Toc135063160][bookmark: _Toc131768869] In S-SSB slot, no need to transmit S-SSB repetitions in more than one RB set to maintain COT.
In NR SL operation band, the frequency location of S-SSB is (pre)configured by high layer signal sl-AbsoluteFrequencySSB, a frequency location ARFCN corresponding to the sub-carrier with index 66 in the S-SS/PSBCH block  is provided by sl-AbsoluteFrequencySSB, as shown below:


Figure 7 legacy SL SSB frequency determination
In NR-U, a synchronization raster is defined within each RB set, and the center frequency point of SSB locates on the predefined synchronization raster. So for SL-U SSB transmission, either legacy NR-U synchronization raster or legacy NR SL sl-AbsoluteFrequencySSB can be used to determine the frequency location of S-SSB. 
To address the S-SSB repetitions, in our view, setting N to 2 is enough as larger value of N would cut the power of single S-SSB too much. Based on the default frequency location of S-SSB within RB set and N, the gap between the two S-SSBs can be implicitly derived or predetermined considering the OCB requirement.
[bookmark: _Toc131794407][bookmark: _Toc131768878][bookmark: _Toc131794587][bookmark: _Toc131788939][bookmark: _Toc131794497][bookmark: _Toc127276078][bookmark: _Toc135063161]When option 3-1 is (pre-)configured, to determine the frequency location of S-SSB in a RB set, the following information can be provided:
[bookmark: _Toc131794498][bookmark: _Toc127276079][bookmark: _Toc131794588][bookmark: _Toc131794408][bookmark: _Toc131788940][bookmark: _Toc131768879][bookmark: _Toc135063162]Either (pre)configured ARFCN or predefined synchronization raster pointing to a specific RE of S-SSB can be considered to determine the frequency location of default S-SSB
[bookmark: _Toc135063163]Repetition time N is 2
[bookmark: _Toc135063164]Gap between two S-SSBs within the RB set can be implicitly derived or predetermined considering the OCB requirement
S-SSB repetition in frequency may lead to PAPR issue as pointed by some companies, then different phase offset can be considered to be added in different S-SSBs according to the S-SSB position. For example, relative to the first S-SSB in the RB set, additional phase offset ‘exp(j*delta)’ is added to the 2nd S-SSB.
[bookmark: _Toc135063165]Additional phase offset can be considered to be added in 2nd S-SSB within the same RB set to alleviate the PAPR.
In NR R16, S-SSB resources of each S-SSB resource set are configured with a periodicity of 160ms. Based on the (pre)configuration and synchronization priority rules, UE can complete the sidelink synchronization information transmission and sidelink synchronization reference selection procedure. This mechanism can be used as the starting point of SL-U. 
[bookmark: _Toc18404][bookmark: _Toc460][bookmark: _Toc28886][bookmark: _Toc127276081][bookmark: _Toc115460017][bookmark: _Toc131794591][bookmark: _Toc131794501][bookmark: _Toc28125][bookmark: _Toc12087][bookmark: _Toc118727124][bookmark: _Toc131768882][bookmark: _Toc131794411][bookmark: _Toc118738970][bookmark: _Toc131788943][bookmark: _Toc21019][bookmark: _Toc25625][bookmark: _Toc5825][bookmark: _Toc118730490][bookmark: _Toc135063166]R16 SL synchronization procedure for sidelink synchronization information transmission and Sidelink synchronization reference selection can be reused for SL-U.
Over unlicensed band the S-SSB signal may fail to access the channel for some of S-SSB transmissions, and this will decrease the synchronization performance. To alleviate the impact, more transmission occasions can be considered for each set of SSB resources in the synchronization period.
If additional S-SSB transmission occasions are configured, a lot of resources may be wasted if PSCCH/PSSCH cannot be transmitted on these slots. From this perspective of view, at least additional S-SSB transmission slots can be (pre)configured overlapping with the slots within a resource pool, and then S-SSB transmission and PSCCH/PSSCH transmissions which are frequency domain orthogonal in the same slot can be considered to be allowed in system level. Besides, for time domain structure in a slot for S-SSB, legacy structure (e.g. 14 symbols for normal CP) can be reused. If S-SSB transmission is on a slot in a resource pool, it means in the same slot there may be transmission of S-SSB and PSSCH from different UEs. In case S-SSB and PSSCH transmission take place at different starting point or occupies different number of symbols in the same slot, AGC problems would arise. So all symbols in the slot should be available for S-SSB and PSSCH transmission if multiple candidate starting symbols are not allowed. Otherwise, the starting symbols of S-SSB transmission using a subset of symbols should be the same as PSCCH/PSSCH in such slot. 
[bookmark: _Toc131794412][bookmark: _Toc118727125][bookmark: _Toc131794502][bookmark: _Toc115460018][bookmark: _Toc131768883][bookmark: _Toc118730491][bookmark: _Toc118738971][bookmark: _Toc131794592][bookmark: _Toc7183][bookmark: _Toc131788944][bookmark: _Toc135063167][bookmark: _Toc127276082][bookmark: _Toc8925][bookmark: _Toc17409][bookmark: _Toc3182][bookmark: _Toc361][bookmark: _Toc1167][bookmark: _Toc6568][bookmark: _Toc8538]Do not confirm the WA about additional candidate S-SSB made in last meeting and support that additional candidate S-SSB occasions are not excluded from resource pool.
[bookmark: _Toc131768884][bookmark: _Toc131788945][bookmark: _Toc135063168][bookmark: _Toc131794413][bookmark: _Toc131794593][bookmark: _Toc131794503]To avoid AGC issue and inter-UE blocking between S-SSB and PSSCH in the same slot：
[bookmark: _Toc131768885][bookmark: _Toc131794504][bookmark: _Toc131788946][bookmark: _Toc131794594][bookmark: _Toc131794414][bookmark: _Toc135063169][bookmark: _Toc127276083][bookmark: _Toc118738973][bookmark: _Toc118730493]Frequency domain resource of S-SSB and PSCCH/PSSCH are orthogonal
[bookmark: _Toc131768886][bookmark: _Toc131794505][bookmark: _Toc131788947][bookmark: _Toc131794415][bookmark: _Toc131794595][bookmark: _Toc135063170]The starting symbols of S-SSB transmission should be the same as PSCCH/PSSCH in such slot if multiple candidate starting symbols are configured.
For the additional S-SSB transmission occasions, conflict between S-SSB Tx and PSSCH Tx, S-SSB Rx and PSSCH Tx may occur. As higher layer will define the priority of S-SSB, the conflict can be handled according to the priority comparison.
For S-SSB detection, the time domain and frequency domain resource of additional S-SSB transmission occasions locate in (pre-)configured/(pre-)defined resources similar to those of legacy S-SSB, there will not be any blind detection complexity issue.
[bookmark: _Toc131768887][bookmark: _Toc131788948][bookmark: _Toc131794506][bookmark: _Toc131794416][bookmark: _Toc131794596][bookmark: _Toc135063171]With regard to additional S-SSB occasions belong to resource pool:
[bookmark: _Toc131794417][bookmark: _Toc131788949][bookmark: _Toc131794597][bookmark: _Toc131794507][bookmark: _Toc131768888][bookmark: _Toc135063172]Conflict between S-SSB Tx and PSCCH/PSSCH Tx, S-SSB Rx and PSCCH/PSSCH Tx can be handled according to the priority comparison
[bookmark: _Toc131794598][bookmark: _Toc131794508][bookmark: _Toc131788950][bookmark: _Toc131768889][bookmark: _Toc131794418][bookmark: _Toc135063173]Time domain and frequency domain resource of additional S-SSB transmission occasions locate in (pre-)configured/(pre-)defined resources similar to legacy NR Rel-16/17 S-SSB transmission occasions
[bookmark: _Toc31384]Regarding the number and location(s) of additional candidate S-SSB occasions, option1 is preferred. In views of NR-U, additional SSB occasions are not associated with the existing SSB occasions, just adding more occasions in the half frame. The number of SSB occasion is extended to 10 for 15k SCS and 20 for 30k SCS.
[bookmark: _Toc17805]In Rel-16 SL, S-SSB time resource can be (pre-)configured at most three sets per carrier and in each S-SSB resource set, at most 1 S-SSB transmission occasions can be (pre)configured for 15k SCS and 2 S-SSB transmission occasions can be (pre-)configured for 30K SCS. To overcome the LBT failure issue, additional candidate S-SSB occasions can be (pre-)configured in the similar way as NR-U manner with some new available values in sl-NumSSB-WithinPeriod for each SCS. 
[bookmark: _Toc118738977][bookmark: _Toc127276087][bookmark: _Toc118727130][bookmark: _Toc118730497][bookmark: _Toc115460020][bookmark: _Toc2862][bookmark: _Toc131788952][bookmark: _Toc131768891][bookmark: _Toc135063174][bookmark: _Toc131794510][bookmark: _Toc131794600][bookmark: _Toc131794420]Regarding the number and location(s) of additional candidate S-SSB occasions, support adding some new available values in sl-NumSSB-WithinPeriod for each SCS if necessary.
Resource pool related
	Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:
· Option A: Support that for one PSSCH transmission, the used interlace index(s) in different used RB sets are always the same
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· Frequency domain resource of PSSCH transmission is determined by an intersection of the resource blocks of the indicated sub-channel(s) and the union of the indicated set of RB sets and intra-cell guard bands between the indicated RB sets, if any
· For a TB, the initial transmission and reservation of the resource(s) for retransmission(s) use the same number of sub-channel(s) and same number of RB set(s)
· FFS: whether additionally support different number of RB set(s) in such case while keeping total number of sub-channels unchanged between initial transmission and retransmission(s) for a TB
· Use X bits for indicating sub-channel index(s), and use Y bits for indicating contiguous RB set index(s)
· R16 NR SL FRIV is reused as baseline
· FFS details, e.g., signaling design, bit size, whether to consider bitmap design, whether/how the used interlace(s) can be non-contiguous, etc.
· FFS others
· E.g., considering one PSSCH transmission may occupy one or multiple RB sets, whether or not to re-define single-slot candidate resource, and update resource selection and/or signaling from MAC to PHY, etc.
Agreement
For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, down-select one or more of the followings in RAN1#113:
· Option 2: Such sub-channel(s) can be used for PSCCH/PSSCH transmission
· Note: PRBs within intra-cell guard band are not used for PSCCH transmission as per previous agreement
· Option 3: Such sub-channel(s) cannot be used for PSCCH transmission, and can be used for PSSCH transmission
· FFS details, e.g., conditions to apply the above Option(s)
· FFS impacts on definition of candidate resource, and resource selection
Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U, regarding details of mapping between sub-channel and interlace:
· In a resource pool with multiple RB sets, sub-channel with the same index is mapped to K interlace(s) with the same index(s) in different RB sets.
· In a resource pool, support the following
· At least for the agreed case where one SL resource pool can be (pre-)configured to include integer number of RB sets
· Option 2: sub-channel#0 is mapped to K interlace(s) starting from interlace#0
· sub-channel#1 is mapped to K interlace(s) starting from interlace#K, and so on
· At least support that the above K interlace(s) are contiguous
· FFS: whether/how to support the above K interlace(s) are non-contiguous
· FFS: if RAN1 agrees to support that one SL resource pool can be (pre-)configured to include sub-set of PRBs of one RB set, the mapping between sub-channel and interlace for this case will be further discussed
· Interlace is indexed as per NR-U


Time domain resource indication for MCSt 
	Agreement
For PSCCH and PSSCH resource indication in time/frequency domain:
· For time domain: R16 NR SL TRIV is reused as baseline
· For frequency domain: 
· further study sub-channel indexing and resource indication 
Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
FFS details


In legacy NR SL, TRIV is used to indicate at most three resource of a TB according to (pre)configuration, TRIV can indicate the logical slot offset t1 and t2 of additional two reserved resources when sl_MaxNumPerReserve is 3. In order to indicate more transmissions by reusing the TRIV information, it is better that t1 and t2 can be reinterpreted to save spec effort to support MCSt indication.
As shown in Figure 8, for the indication of time-domain resource for multi-consecutive slots transmission (MCSt), it is necessary to indicate the duration of at least a set of consecutive slots. When indicating multiple sets of consecutive slots, the starting time of one or more multiple sets of consecutive slots also needs to be indicated. Considering the flexibility of indicating the starting time, it is suggested that t1 is used to indicate the start time of second set of MCSt. In addition, to save signaling overhead, it is suggested that the duration values of different sets of consecutive slots should be same as each other. With reference to Figures 8, (t2-t1) can be used to indicate the duration of two sets of consecutive slots. Whether to support the indication of more than two sets of consecutive slots can be further discussed.


Figure 8: Illustration of indicating two sets of consecutive slots according to reinterpreted legacy TRIV
[bookmark: _Toc115341131][bookmark: _Toc115339318][bookmark: _Toc118735399][bookmark: _Toc115338307][bookmark: _Toc118733453][bookmark: _Toc135063175]At least 1 or 2 sets of consecutive slots can be indicated based on R16 NR SL TRIV, FFS whether and how to support indicating more than two sets of consecutive slots.
[bookmark: _Toc118733454][bookmark: _Toc115339319][bookmark: _Toc115338308][bookmark: _Toc115341132][bookmark: _Toc118735400][bookmark: _Toc135063176]Both the starting time and duration of the set of consecutive slots should be indicated according to the t1 and t2 derived from TRIV.
Guard band PRB(s) usage
With regard to the RBs in guard band, for interlace RB based transmission, when the RBs can be used, the NR-U principle can be reused. In other words, 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. 
For continuous RB based transmission, in order to avoid inter RB set interference or resource waste, the PRB(s) in the intra-cell guard band can only 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, no matter the PRB(s) in the intra-cell guard band are divided in part of sub-channel or not.
As discussed, the PRB(s) in the intra-cell guard band can be used for PSSCH transmission and not used for PSCCH transmission. In our opinion, these PRB(s) are not used for PSFCH/S-SSB transmission either, because PSFCH/S-SSB transmission may be transmitted independently by a UE, it is hard to guarantee the usage requirement of guard band PRB(s) is met for PSFCH/S-SSB transmission.
[bookmark: _Toc118727150][bookmark: _Toc118738997][bookmark: _Toc118730517][bookmark: _Toc127276103][bookmark: _Toc131788957][bookmark: _Toc131794425][bookmark: _Toc135063177][bookmark: _Toc131794605][bookmark: _Toc131794515][bookmark: _Toc131768896]For usage of PRB(s) in the intra-cell guard band:
[bookmark: _Toc118738998][bookmark: _Toc131788958][bookmark: _Toc131794426][bookmark: _Toc118730518][bookmark: _Toc131794606][bookmark: _Toc127276104][bookmark: _Toc131768897][bookmark: _Toc131794516][bookmark: _Toc135063178][bookmark: _Toc118727151]For interlace RB based transmission, 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: _Toc118738999][bookmark: _Toc118730519][bookmark: _Toc131794517][bookmark: _Toc131794607][bookmark: _Toc118727152][bookmark: _Toc131794427][bookmark: _Toc131788959][bookmark: _Toc131768898][bookmark: _Toc135063179][bookmark: _Toc127276105]For continuous RB based transmission, the PRB(s) in the intra-cell guard band can only 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
[bookmark: _Toc118739000][bookmark: _Toc131794428][bookmark: _Toc131794518][bookmark: _Toc118727153][bookmark: _Toc118730520][bookmark: _Toc131768899][bookmark: _Toc131788960][bookmark: _Toc127276106][bookmark: _Toc131794608][bookmark: _Toc135063180]The PRB(s) in the intra-cell guard band is not used for PSFCH/S-SSB transmission
IRB based transmission related
Based on the definition of subchannel, both subchannel information (start subchannel indexes and subchannel number L1) and RB set information (start RB set indexes and RB set number L2) are needed for the frequency resource indication of PSSCH. If legacy SL FRIV method is used for subchannel indication and RB set indication, then the number of subchannel and RB set for reserved transmission should keep unchanged. For resource selection of a TB not reserved by prior SCI, the RB set number of this TB can be changed by UE implementation.
[bookmark: _Toc135063181][bookmark: _Toc131768900]For interlace RB-based PSCCH/PSSCH transmission, PSSCH frequency indication is that:
[bookmark: _Toc131768901][bookmark: _Toc135063182]Both FRIV1 (start subchannel index S1 and subchannel(s) number L1) and FRIV2 (start RB set index S2 and RB set(s) number L2) for RB set index(s) are indicated
[bookmark: _Toc135063183]Support different number of RB set(s) while keeping total number of sub-channels unchanged between initial transmission and retransmission(s) for a TB in case resource of the TB is not reserved by prior SCI.
As subchannel is defined within RB set, and both subchannel information and RB set information are needed to indicate the PSSCH frequency location, then the candidate resource used for sensing need to be modified to including RB set information. In resource allocation mode 2, high layer should additionally provide the number of RB sets  to be used, and the candidate resource  should be changed to  to include the RB set information where x1 stands for start subchannel index and x2 stands for start RB set index. 
[bookmark: _Toc135063184][bookmark: _Toc131788965][bookmark: _Toc131768904][bookmark: _Toc131794613][bookmark: _Toc131794523][bookmark: _Toc131794433]In sensing procedure for interlace RB-based PSCCH/PSSCH transmission, support that:
[bookmark: _Toc135063185]High layer provides the RB set number 
[bookmark: _Toc135063186]Single slot candidate resource  needs to be modified as  to capture both RB set information and subchannel definition, where x1 stands for start subchannel index and x2 stands for start RB set index
Contiguous K interlace subchannel has been supported during last meeting, so for a resource pool configuration, high layer just provides the start interlace index, the number K and the number of subchannels, then the subchannels within the RP can be derived. To further support non-contiguous K interlace subchannel, RAN1 needs to additionally define the interlace pattern or gap between interlace within a subchannel, which seems a little complicated, at this stage, the benefit to support non-contiguous K interlace subchannel is not so clear.
If one SL resource pool can be (pre-)configured to include sub-set of PRBs of one RB set, then the start interlace index is set to the lowest interlace of the first RB set of the resource pool instead of interlace 0. 
For contiguous K interlace subchannel, the start interlace index, K and number of subchannels can determine all the subchannels within one RB set, while for non-contiguous K interlace subchannel, the two parameters are not enough.
[bookmark: _Toc135063187]To configure a resource pool for IRB based transmission, the following parameters are provided:
[bookmark: _Toc135063188]Start interlace index 
[bookmark: _Toc135063189]K 
[bookmark: _Toc135063190]Number of subchannels within one RB set
[bookmark: _Toc135063191]Start index of RB set
[bookmark: _Toc135063192]Number of RB set
[bookmark: _Toc135063193]The benefit of non-contiguous K interlace subchannel shall be further discussed how to support it.
Contiguous RB-based transmission related
For legacy contiguous RB based resource pool, a SL UE determines the set of resource blocks assigned to a sidelink resource pool as follows:
-	The resource block pool consists of  PRBs. 
-	The sub-channel m for  consists of a set of  contiguous resource blocks with the physical resource block number  for , where  and  are given by higher layer parameters sl-StartRB-sub-channel and sl-sub-channelSize, respectively
A UE is not expected to use the last  PRBs in the resource pool. So for SL-U contiguous RB-based transmission, remaining PRBs in resource pool is not used as legacy NR SL.
[bookmark: _Toc131794436][bookmark: _Toc135063194][bookmark: _Toc131788968][bookmark: _Toc131794616][bookmark: _Toc131768907][bookmark: _Toc131794526]For contiguous RB-based transmission, remaining PRBs in the resource pool is not used by UE.
There is some difference between subchannel defined for contiguous RB-based transmission and subchannel defined for legacy NR SL. As shown in Figure 8, subchannel 3 and subchannel 4 is special because partial PRBs of the subchannel are within RB set while partial PRBs of the subchannel are within the guard band. As the PRBs in guard band shall be used under specific condition, so the availability of subchannel 3 or subchannel 4 should be clarified. 



Figure 8: sub-channel for SL-U contiguous RB-based transmission
Specifically in Figure 8, if the number PRBs of subchannel 3 or 4 belonging to guard band is below a threshold, if UE needs a single channel resource, then the subchnanel 3 can be used as a punctured subchannel where the PRBs contained in guard band are dropped. Otherwise, subchannel 3 or 4 could not be used independently by UE. 
[bookmark: _Toc131788969][bookmark: _Toc135063195][bookmark: _Toc131794617][bookmark: _Toc131768908][bookmark: _Toc131794437][bookmark: _Toc131794527]For contiguous RB-based transmission, regarding sub-channel(s) which include intra-cell guardband PRBs:
[bookmark: _Toc131794438][bookmark: _Toc131794528][bookmark: _Toc131794618][bookmark: _Toc131788970][bookmark: _Toc131768909][bookmark: _Toc135063196]If the number PRBs within guard band is below a (pre)configured threshold, Option2(Such subchannel can be used for PSCCH/PSSCH transmission) is supported
[bookmark: _Toc131794619][bookmark: _Toc131768910][bookmark: _Toc131788971][bookmark: _Toc131794529][bookmark: _Toc131794439][bookmark: _Toc135063197]Otherwise, option3 (Such sub-channel(s) cannot be used for PSCCH transmission, and can be used for PSSCH transmission) is supported
In mode 2 resource allocation, for candidate resource  consisting of L contiguous subchannels, as some subchannel may include PRBs within guard band, the  needs to meet the condition of guard band PRB usage. Moreover, , interlace RB based subchannel can handle the case for the region where OCB is required, so it is suggested that contiguous RB based subchannels is only considered for the region where OCB is not required.
[bookmark: _Toc135063198]Contiguous RB-based transmission is only considered for the region where OCB is not required.
[bookmark: _Toc135063199]With regard to SL-U resource allocation, mode 1 allocated resource or mode 2 selected resource shall meet the condition of guard PRB usage.
PSFCH
Time domain of PSFCH
	Agreement
Regarding more than 1 PSFCH occasion per PSCCH/PSSCH transmission, support the followings:
· One PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration
· FFS value range of N
· FFS detailed design of such N associated candidate PSFCH occasion(s)
· E.g., they are in different slots of the same RB set, or in different RB sets of the same slot, or combination thereof, etc.
· E.g., whether PSSCH transmission and its related PSFCH occasion(s) are in the same RB set(s)
· FFS: whether to support that COT initiating UE can dynamically indicate which subset of the (pre-)configured PSFCH occasions within its COT are avai                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            lable for PSFCH transmissions.
· FFS: whether other associated candidate PSFCH occasion(s) within its COT are used for PSSCH transmissions, and applicable scenarios.
· FFS: whether AGC issue and PSFCH/PSSCH collision issue exist, and whether/how to address them
· FFS other details
· E.g., how to meet the HARQ RTT restriction
· E.g., UE behavior on transmitting PSFCH
· E.g., how to avoid the risk of losing the COT if the COT is interrupted by periodic PSFCH occasions


N (pre)configured PSFCH occasions per PSCCH/PSSCH can be seen dedicated per transmission, so it make no sense to dynamically indicate which subset of the (pre-)configured PSFCH occasions within its COT are available for PSFCH transmissions, although some PSFCH occasions may not be used for PSFCH transmission, it is hard to be re-farmed for PSSCH transmission because another UE which does not receive the indication will still transmit PSFCH transmission, then AGC problem arise due to the FDMed PSFCH transmission and PSSCH transmission. For PSFCH transmissions, although some PSFCH occasions may not be used for PSFCH transmission, it is hard to be re-farmed for PSSCH transmission because another UE which does not receive the indication will still transmit PSFCH transmission, then AGC problem arise due to the FDMed PSFCH transmission and PSSCH transmission.
[bookmark: _Toc135063200]Do not support COT initiating UE can dynamically indicate which subset of the (pre-)configured PSFCH occasions within its COT are available for PSSCH transmissions.                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
As agreed, one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration. Supporting more (pre)configured PSFCH occasions per PSCCH/PSSCH transmission is a good idea to alleviate LBT failure, but too many additional PSFCH occasions will impact the PSFCH capacity, too few additional PSFCH occasions still suffer the risk that all the PSFCH fail to access the channel.
Large value of N will impact the PSFCH capacity and increase the COT loss risk.
[bookmark: _Toc135063201]Value of N is 1 or 2 according to (pre-)configuration.
When value of N is relatively small, PSFCH capacity is no longer a problem, but totally dropping PSFCH transmission when LBT failure happens seems not a good choice, providing other feedback occasion as possible besides the N (pre-)configured PSFCH occasions is helpful to the SL-U system performance as NR-U.
Enhancement for (pre)configured PSFCH occasions can be considered. Beyond the (pre)configured PSFCH, and dynamically indicated PSFCH resource which is within the (pre)configured PSFCH can be supported. If a past HARQ feedback is not received, Tx UE can indicate the Rx UE to feedback HARQ information of not only current PSSCH, but also HARQ information of other PSSCH(s) in next (pre)configured PSFCH occasion. This way can avoid PSFCH collision and PSFCH capacity problems. An illustration is shown as follow:


 Figure 9 Illustration of dynamically indicated HARQ feedback occasion within the (pre)configured PSFCH
In Figure 9, PSFCH resource occasion period is 2 slots. When UE fails to clear the channel for PSFCH in slot n+1 corresponding to PSSCH1, then Rx UE can feedback the HARQ corresponding to PSSCH1 as well as HARQ corresponding to PSSCH2 in (pre)configured PSFCH occasion in slot n+3 according to the dynamic indication. The dynamically triggered additional PSFCH is more flexible than fixed additional PSFCH occasions. So dynamically indicated HARQ feedback occasion within the (pre)configured PSFCH is a preferred way to address PSFCH transmission dropping due to LBT failure. It is stated that supporting this dynamic indication is similar to NR Uu logic so more than one bit HARQ feedback will be conveyed in the PSFCH resource, in our opinion, at least it is easy to indicate 2 bit information using the PSFCH resource sequence.
[bookmark: _Toc131794223][bookmark: _Toc131794555][bookmark: _Toc131768848][bookmark: _Toc127276058][bookmark: _Toc131794465][bookmark: _Toc131788907]Besides N dedicated (pre)configured PSFCH resource associated with a PSSCH, dynamically indicate additional PSFCH resource of the PSSCH in (pre)configured PSFCH resource associated with another PSSCH is helpful to avoid PSFCH collision and PSFCH capacity problems.
[bookmark: _Toc127276109][bookmark: _Toc118730522][bookmark: _Toc118727155][bookmark: _Toc118739002][bookmark: _Toc131788977][bookmark: _Toc131768916][bookmark: _Toc131794535][bookmark: _Toc131794625][bookmark: _Toc131794445][bookmark: _Toc135063202]Tx UE can dynamically indicate whether to feedback HARQ information of another previous PSSCH besides current associated PSSCH in (pre)configured PSFCH occasion.
For HARQ RTT issue, when multiple PSFCH occasion are (pre)configured, of cause the last PSFCH occasion in time domain is used to determine the HARQ timing relationship. At PSSCH Rx UE side, once HARQ feedback is successfully transmitted, the the UE stops PSFCH transmission attempt on remaining PSFCH occasions if exist. While at PSSCH Tx UE side, once the target HARQ feedback is successfully received, PSFCH reception behaviour on remain PSFCH occasions can be UE implementation.
Besides, to avoid the risk of losing the COT if the COT is interrupted by periodic PSFCH occasions, PSSCH Tx UE can transmit a channel occupation signal on the PSFCH resource.
[bookmark: _Toc135063203]Regarding more than 1 PSFCH occasion per PSCCH/PSSCH transmission, support the followings:
[bookmark: _Toc135063204]For mode 1, the last PSFCH occasion in time domain is used to determine the SL HARQ feedback on PUCCH 
[bookmark: _Toc135063205]For mode 2, the last PSFCH occasion in time domain is used to determine the HARQ RTT of re-transmission resource 
[bookmark: _Toc135063206]PSSCH Rx UE does not attempt to transmit PSFCH on remaining PSFCH occasions once HARQ feedback is successfully transmitted
[bookmark: _Toc135063207]PSSCH Tx UE can transmit a channel occupy signal on the PSFCH resource to avoid the risk of losing the COT if the COT is interrupted by periodic PSFCH occasions (e.g. there is no intended PSFCH reception or transmission)

Frequency domain of PSFCH
For PSFCH frequency domain design, three main alternatives are discussed in RAN1#112b[1]:
	Agreement
Regarding PSFCH transmission with 15 kHz and 30 kHz SCS:
· RAN1 down-select one of followings in RAN1#113:
· Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· K3 is (pre-)configured, FFS value range
· On the K3 dedicated PRB(s), multiple CS pairs can be used as in legacy NR SL PSFCH transmission
· When a PRB of common interlace and a dedicated PRB locate within the same 1 MHz bandwidth, UE only transmits on the dedicated PRB
· FFS: whether any impact on meeting OCB requirement
· Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace
· Alt 3-2b: 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
· K2=2
· K4 is (pre-)configured, FFS value range
· FFS: how to meet PSD limitation
· FFS: whether to introduce any restrictions on the locations of K4 dedicated PRB(s) and/or K2 common PRBs, e.g., whether/how they are on the same interlace 
· R16 NR SL PSSCH-PSFCH mapping is reused as baseline, FFS details
· Note: companies are encouraged to give more details and analyze the specification impact
· E.g., whether PSSCH transmissions on non-overlapped resources are mapped to non-orthogonal PSFCH resources, i.e., whether PSFCH collision may happen and whether/how to address it, etc.
· E.g., whether introducing more than 6 CS pairs is needed
· E.g., for group cast option 2, what’s the maximum group size that can be supported
· E.g., how to support “more than 1 PSFCH occasion(s) per PSCCH/PSSCH”
· FFS: regardless of which Alt above is selected, whether or not to support PRB-level cyclic shift hopping as in NR-U to reduce PAPR
· FFS: whether IBE issue exists and whether/how to address it
· E.g., whether to introduce guardband PRB/RE between common PRB and dedicated PRB


The alternatives of PSFCH transmission under 15 kHz and 30 kHz SCS can be analyzed in two dimensions, that is PSFCH capacity aspect and PSFCH transmission performance aspect. 
· Capacity aspect discussion for PSFCH alternatives
Supposing 20M bandwidth, 15kHz SCS and = 6 pairs of cyclic shifts are used for capacity analysis, so that there will be at most 100*6 candidate resource to be used for PSFCH for legacy NR SL Rel-16 UE: 
· For Alt 1-1a, assuming K3 is 1, and then the PSFCH capacity would decrease 10% because 10 PRBs within the common interlace cannot be used for PSFCH transmission
· For Alt 2-3a, one PSFCH need 10x PRBs compared with legacy NR SL PSFCH transmission, and one cyclic shift on all the PRBs within the interlace, then the PSFCH capacity would decrease 90% ([100*6-10*6]/100*6)
· For Alt 3-2a, supposing K2 is 2, so that 2 PRBs are taken as the overhead. Then the PSFCH capacity would decrease 2%
From the PSFCH capacity analysis, it can be seen that Alt 1-1a, and Alt 3-2a are better than other alternatives under the assumption of 20M bandwidth, 15 kHz SCS and 6 pairs of cyclic shifts.  
[bookmark: _Toc131788908][bookmark: _Toc131768849][bookmark: _Toc131794466][bookmark: _Toc131794556][bookmark: _Toc131794224][bookmark: _Toc127276059]For RB-based interlace PSFCH transmission, Alt1-1a and Alt 3-2a are better in capacity aspect.
· Performance aspect discussion for PSFCH alternatives
In order not to impact the PSFCH capacity significantly, the performance of Alt1-1a and Alt 3-2a are analyzed further. Alt 1-1a and Alt 3-2a have similar performance because on a dedicated PRB resource, there is only dedicated PSFCH transmission. While for alt 1-1a or Alt 3-2a, as each PSFCH transmission occupies some common PRBs and some dedicated PRB(s), the power on common PRB may be much higher than dedicated PRB, if dedicated PRB is adjacent to common PRB, IBE issue has to be considered, as shown in Figure 10.


Figure 10 Example of PSFCH transmission for alt 1-1a assuming K3=1
Alt 3-2a may also suffer this IBE problem as alt 1-1a. Some link level simulation results are provided to study the IBE interference in Alt 1-1a and Alt 3-2a further. Assuming the baseline SIR due to IBE from adjacent PRB is -20dB, then we simulated the PSFCH transmission performance considering the guard band with different number of PRBs.
[image: ]
Figure 11 Performance of 1PRB PSFCH transmission of alt 1-1a or alt 3-2a with different number of guard PRBs
In the result it can be seen that if dedicate PRB is adjacent to common PRB, and when the power on common PRB is relatively large, the performance is much worse, but if guard RB is considered to isolate interference, the performance will be improved significantly. 
[bookmark: _Toc131794228][bookmark: _Toc131788912][bookmark: _Toc131768853][bookmark: _Toc131794470][bookmark: _Toc131794560]Dedicate PRB adjacent to common PRB will suffer IBE interference for alt 1-1a and alt 3-2a.
[bookmark: _Toc131794471][bookmark: _Toc131794229][bookmark: _Toc131788913][bookmark: _Toc131768854][bookmark: _Toc131794561]Guard PRBs between common PRB and dedicate PRB is beneficial for PSFCH reception performance.
Target on guard PRBs of Alt 1-1a and Alt 3-2a, as the common PRBs of Alt 3-2a locate at two edge of a RB set, it seems the guard PRBs are needed at two locations adjacent to the common PRBs, while for Alt 1-1a, the common PRBs are located distributed on 10 PRBs within an interlace, this design means PRBs need to be located at least 10 locations. So in the view of guard PRB overhead, Alt 3-2a is prioritized.
[bookmark: _Toc131788914][bookmark: _Toc131768855][bookmark: _Toc131794472][bookmark: _Toc131794230][bookmark: _Toc131794562]Guard PRB positions between common PRB and dedicate PRB needed for Alt 3-2a are less than Alt 1-1a.
Based on all the analysis and observations above, regarding PSFCH transmission under 15 kHz and 30 kHz SCS, Alt 3-2a is preferred. And for the PRBs convey PSFCH HARQ feedback information, at least 1PRB as legacy NR Rel-16 SL can be considered, and for the common PRBs to meet the OCB requirement, 2 common PRBs can be considered and the 2 common PRBs locate at the two edge of a RB set.
[bookmark: _Toc127276110][bookmark: _Toc131794536][bookmark: _Toc131794626][bookmark: _Toc131788978][bookmark: _Toc131794446][bookmark: _Toc131768917][bookmark: _Toc135063208]Regarding PSFCH transmission under 15 kHz and 30 kHz SCS, Alt 3-2a is preferred:
[bookmark: _Toc127276111][bookmark: _Toc131794447][bookmark: _Toc131794537][bookmark: _Toc131794627][bookmark: _Toc131788979][bookmark: _Toc131768918][bookmark: _Toc135063209]Alt 3-2a: each PSFCH transmission occupies K4 dedicated PRB and 2 common PRBs, where 2 common PRBs locate at the two edges of a RB set
[bookmark: _Toc131794538][bookmark: _Toc131794448][bookmark: _Toc131788980][bookmark: _Toc131794628][bookmark: _Toc131768919][bookmark: _Toc135063210]K4 is equal or larger than 1
As PSD is required on unlicensed band in many regions, if dedicated PRB for PSFCH is 1PRB, then the max transmit power for the dedicated PRB is limited to PSD limitation (e.g.10 dBm/M HZ), so in order to boost the transmit power for dedicated PRB, more than one dedicated PRB can be considered, and the dedicated K4 PRBs are within a interlace. 
For locations of 2 common PRB(s), it is better the common 2 PRB and K4 dedicated PRBs are all within a interlace, so that the PSFCH transmission can be seen as a punctured interlace transmission while the capacity problem is avoided. As common PRBs locate at edge of a RB set, so it is recommended that common PRBs locate at two edge of an interlace of a RB set, taking 30k SCS for example, the structure is shown below:


Figure 12 Example of PSFCH transmission for alt 3-2a assuming K4=1 and SCS=30k
[bookmark: _Toc135063211]For locations of PRBs of K4 dedicated PRB(s) and 2 common PRBs of alt 3-2a, to achieve RB-based interlace PSFCH transmission, PSD limitation and OCB requirement per agreement, support that:
[bookmark: _Toc135063212]K4 dedicated PRBs are within one interlace
[bookmark: _Toc135063213]Each of 2 common PRBs is located at edge of one interlace of a RB set
[bookmark: _Toc135063214]Dedicated PRBs and common PRBs are within one interlace
[bookmark: _Toc135063215]Two Guard PRBs are considered between common PRBs and dedicated PRBs

	Agreement
Regarding PSFCH transmission under 60 kHz SCS, further study the following alternatives:
· Alt 1: Each PSFCH transmission occupies K dedicated PRB(s) and some common PRBs
· FFS details
· Alt 2: Each PSFCH transmission occupies some dedicated PRBs
· FFS details


Regarding PSFCH transmission under 60 kHz SCS, there is only 24 PRBs in a 20M RB set, and no interlace structure has been defined. In our opinion, one simple way is not supporting PSFCH transmission under 60 kHz SCS where OCB is required, that means only legacy NR Rel-16 one PRB method is considered for 60k Hz SCS on the region where OCB is not required.
Another way is to design the frequency structure as PSFCH transmission under 15 kHz and 30 kHz SCS, that is Each PSFCH transmission occupies 1 dedicated PRB(s) and some common PRBs, which is similar to Alt 3-2a of PSFCH transmission under 15 kHz and 30 kHz SCS.
Both ways are acceptable to us, and for a unified design of PSFCH transmission, the second way is slightly preferred.
[bookmark: _Toc131794449][bookmark: _Toc131794539][bookmark: _Toc131794629][bookmark: _Toc131768920][bookmark: _Toc131788981][bookmark: _Toc135063216][bookmark: _Toc127276114]Regarding PSFCH transmission under 60 kHz SCS, alt 1 is preferred:
[bookmark: _Toc131794540][bookmark: _Toc131768921][bookmark: _Toc131794630][bookmark: _Toc131788982][bookmark: _Toc131794450][bookmark: _Toc135063217]Each PSFCH transmission occupies K dedicated PRB and 2 common PRBs
[bookmark: _Toc131768922][bookmark: _Toc131794631][bookmark: _Toc131794541][bookmark: _Toc131788983][bookmark: _Toc131794451][bookmark: _Toc135063218]K is equal or larger than 1 (gap between each of K PRBs are larger than 1M Hz to avoid PSD limitation)
If Alt 1-1a or Alt 3-2a is applied, each PSFCH transmission occupies some common PRBs to meet the OCB requirement, and occupies one dedicated PRB to convey the HARQ feedback is enough consider the legacy NR SL PSFCH format. But the power needs to be split to two parts, one part for common PRB and another part for dedicate PRB, as observed above, the power on common PRB will cause IBE interference to dedicated PRB, besides guard band PRB between common PRB and dedicated PRB, decreased power can be set for common PRB. It should be pointed out that decreased power set for common PRBs is also beneficial for dedicated PSFCH performance.
[bookmark: _Toc127276115][bookmark: _Toc118739004][bookmark: _Toc118727157][bookmark: _Toc118730524][bookmark: _Toc131788984][bookmark: _Toc131794632][bookmark: _Toc131794542][bookmark: _Toc131794452][bookmark: _Toc131768923][bookmark: _Toc135063219][bookmark: _Toc24899]To address the PSD limitation and IBE issue between common PRB and dedicated PRB of PSFCH, decreased power can be set for common PRBs.
One more thing for Alt 1-1a or Alt 3-2a is PAPR issue, cycle shift hopping like NR-U PUCCH format 0 can be considered for PSFCH transmission PRBs to alleviate the PAPR influence, so that PAPR is not a serious problem.
[bookmark: _Toc135063220]PRB-level cyclic shift hopping as in NR-U is considered to reduce PAPR for PSFCH transmission.
Power limitation for PSFCH
	Agreement
RAN1 further study the followings:
Whether any updates on power control are necessary considering PSD limit in unlicensed spectrum regulation.


In different regions, PSD limitation is different [6], so it seems hard to update the power control formula to be applied to most situation. On the other hand, NR-U UE may be scheduled to transmit on continuous interlace in one RB set, then the same situation is existed as SL-U transmission，both of them suffer the PSD limitation while PSD is not considered in PUSCH power control procedure. So in our opinion, it is is not needed to consider PSD limit in RAN1.
Power control procedure for PUSCH transmission in NR-U does not consider PSD limitation in RAN1.
[bookmark: _Toc131794543][bookmark: _Toc131794633][bookmark: _Toc131768924][bookmark: _Toc131794453][bookmark: _Toc131788985][bookmark: _Toc135063221]To address PSD limit over power control, PSD limitation for PSFCH is not needed to be considered in RAN1 as NR-U.
CSI measurement and feedback  
R16 SL support wide-band CQI/RI feedback according to CSI-RS in unicast scenario, and MAC CE is used to convey the CSI feedback considering the aperiodic RS, for SL-U, transmissions cannot be guaranteed periodic, so R16 aperiodic CSI measurement and feedback mechanism can be studied as the start point for SL-U.
In shared spectrum, the channel bandwidth occupied by a UE may be as large as multiple RB sets, so sub-band CSI feedback can be considered for SL-U.
[bookmark: _Toc127276119][bookmark: _Toc118727161][bookmark: _Toc25154][bookmark: _Toc26110][bookmark: _Toc30032][bookmark: _Toc20704][bookmark: _Toc115460049][bookmark: _Toc13057][bookmark: _Toc22279][bookmark: _Toc118730528][bookmark: _Toc29739][bookmark: _Toc19117][bookmark: _Toc118739008][bookmark: _Toc131794544][bookmark: _Toc131768925][bookmark: _Toc131794634][bookmark: _Toc131788986][bookmark: _Toc131794454][bookmark: _Toc135063222]R16 CSI measurement and feedback mechanism can be reused for SL-U:
[bookmark: _Toc4863][bookmark: _Toc28943][bookmark: _Toc131794545][bookmark: _Toc12630][bookmark: _Toc8850][bookmark: _Toc118727162][bookmark: _Toc131794635][bookmark: _Toc131788987][bookmark: _Toc25347][bookmark: _Toc5098][bookmark: _Toc118730529][bookmark: _Toc131768926][bookmark: _Toc118739009][bookmark: _Toc127276120][bookmark: _Toc10078][bookmark: _Toc131794455][bookmark: _Toc20607][bookmark: _Toc115460050][bookmark: _Toc135063223]FFS sub-band (e.g., per-RB set) CSI feedback for interlace RB based transmission

Higher layer signalling for physical layer structures and procedures
In this section, we provide input on higher layer signalling for physical layer structures and procedures according to the previous agreement.
[bookmark: _Toc135063224]The following higher layer signalling for physical layer structures and procedures can be listed.
	WI code
	Parameter name in the spec
	Description
	Value range
	Comment

	NR_SL_enh2-Core
	sl-StartRBSet-r18          
	In order to indicate the start RB set index for a resource pool
	INTEGER (0..4)
	RAN1#109-e
Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets


	NR_SL_enh2-Core
	sl-NumRBset-r18
	In order to indicate the number of RB sets within a resource pool
	INTEGER (1..5) 
	RAN1#109-e
Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets


	NR_SL_enh2-Core
	sl-transmissionType-r18            

	To indicate the transmission type on the BWP
	ENUMERATED { contiguous RB-based, interlace RB-based}
	RAN1#112b
Agreement
A SL-BWP is (pre-)configured with either contiguous RB-based or interlace RB-based PSCCH/PSSCH transmission, i.e., not both.


	NR_SL_enh2-Core
	sl-SubchannelSizeK-r18   
	To indicate the number of continuous interlace number of a subchannel
	ENUMERATED {1, 2, 5, 10}
	RAN1#110
Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool
RAN1#110b
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


	NR_SL_enh2-Core
	sl-PSFCHOccasionNum-r18    

	To indicate the number of candidate PSFCH occasion(s) associated with one PSCCH/PSSCH transmission
	INTEGER (1..4)
	RAN1#112b
Agreement
Regarding more than 1 PSFCH occasion per PSCCH/PSSCH transmission, support the followings:
· One PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration
· FFS value range of N
· FFS detailed design of such N associated candidate PSFCH occasion(s)
· E.g., they are in different slots of the same RB set, or in different RB sets of the same slot, or combination thereof, etc.
· E.g., whether PSSCH transmission and its related PSFCH occasion(s) are in the same RB set(s)


	NR_SL_enh2-Core
	sl-ReferenceSymbolNum-r18    

	To indicate the reference number of symbols (denoted as L_ref) If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission
	INTEGER (7..14)
	RAN1#112b
Agreement
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference number of symbols (denoted as L_ref)
· Support the followings
· Alt 1: Support Option 4 only
· Note: the options are as below
· Option 4: The reference number of symbols is determined by (pre-)configuration 
· FFS details, e.g., in TS 38.214 Clause 8.1.3.2, whether L_ref replaces  or sl-LengthSymbols or other usage of L_ref, whether  is determined in the same way as in legacy NR SL, etc.


	NR_SL_enh2-Core
	sl-SecondStartSymbol-r18     

	To indicate the second start symbol within a SL slot
	ENUMERATED { sym3;
sym4, sym5, sym6, sym7}
	RAN1#112
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




Conclusion
According to the discussion above, we provide the following observations and proposals on physical layer structure for sidelink on FR1 unlicensed spectrum:
Observation 1: If legacy NR SL structure were reused for slots with 2 candidate starting symbols, two problems would need to be handled:
• At Rx UE side, the PSCCH blind decoding number in a slot will be beyond UE’s capacity
• At Tx UE side, physical layer rate matching and resource mapping adjustment according to 2nd starting symbol after 1st starting symbol when LBT fails at 1st starting symbol will be beyond UE’s capacity
Observation 2: Common PSCCH time domain position for both 1st and 2nd starting symbol within slot is beneficial due to:
• Same PSCCH mapping based on 2nd starting symbol for both 1st and 2nd starting symbol from Tx UE respective
• Not increasing the PSCCH blind decoding complexity from RX UE respective
Observation 3: For resource pool with PSFCH period larger than one, it not clear whether L_ref-2 or sl-LengthSymbols -2-𝑵𝒔𝒚𝒎𝒃𝑷𝑺𝑭𝑪𝑯 is used to calculate TBS at Rx UE side.
Observation 4: For contiguous K interlace subchannel, the start interlace index, K and number of subchannels can determine all the subchannels within one RB set, while for non-contiguous K interlace subchannel, the two parameters are not enough.
Observation 5: Large value of N will impact the PSFCH capacity and increase the COT loss risk.
Observation 6: Besides N dedicated (pre)configured PSFCH resource associated with a PSSCH, dynamically indicate additional PSFCH resource of the PSSCH in (pre)configured PSFCH resource associated with another PSSCH is helpful to avoid PSFCH collision and PSFCH capacity problems.
Observation 7: For RB-based interlace PSFCH transmission, Alt1-1a and Alt 3-2a are better in capacity aspect.
Observation 8: Dedicate PRB adjacent to common PRB will suffer IBE interference for alt 1-1a and alt 3-2a.
Observation 9: Guard PRBs between common PRB and dedicate PRB is beneficial for PSFCH reception performance.
Observation 10: Guard PRB positions between common PRB and dedicate PRB needed for Alt 3-2a are less than Alt 1-1a.
[bookmark: _GoBack]Observation 11: Power control procedure for PUSCH transmission in NR-U does not consider PSD limitation in RAN1.

Proposal 1: To address not increasing UE implementation complexity, for a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
• Support common PSCCH time domain position which is next to 2nd PSCCH/PSSCH transmission starting symbol
• Only once PSCCH/PSSCH mapping based on 1st or 2nd starting symbol for both 1st and 2nd starting symbol transmission
Proposal 2: Support two or more candidate starting symbols for S-SSB transmission.
Proposal 3: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, if PSCCH/PSSCH transmission starts from 1st starting symbol, support Option 2 + Option D:
• Regarding Tx UE behaviour, PSCCH/PSSCH transmission has only 1 AGC symbol as Rel-16 NR SL UE at 1st starting symbol
• Regarding Rx UE behaviour, it is left to UE implementation to monitor 1 or 2 symbol(s) for AGC purpose
Proposal 4: If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
• Value range of reference number of symbols (L_ref) can be from 7 to 14
Proposal 5: For HARQ combination at the Rx side, TBS of the transmissions associated with the same TB should be same as legacy NR SL
Proposal 6: 𝑵𝒔𝒚𝒎𝒃𝑷𝑺𝑭𝑪𝑯 is determined in the same way as in legacy NR SL
Proposal 7: For resource pool with PSFCH period equal to one, the number of symbols to determine TBS at Rx UE is sl-LengthSymbols -2-NsymbPSFCH because there is no L_ref configured.
Proposal 8: For resource pool with PSFCH period equal to zero, the number of symbols to determine TBS at Rx UE is L_ref -2 because all the slots have two candidate starting symbols.
Proposal 9: For resource pool with PSFCH period larger than one, the number of symbols to determine TBS at Rx UE is min(L_ref-2,sl-LengthSymbols -2-𝑵𝒔𝒚𝒎𝒃𝑷𝑺𝑭𝑪𝑯).
Proposal 10: For interlace RB-based PSCCH/PSSCH transmission in SL-U, considering 1 sub-channel equals K interlace(s), support that:
• N_ref is fixed as 10
• The PRBs in guard band can be dynamically indicated in SCI for TB transmission occupying multiple RB set
Proposal 11: In S-SSB slot, no need to transmit S-SSB repetitions in more than one RB set to maintain COT.
Proposal 12: When option 3-1 is (pre-)configured, to determine the frequency location of S-SSB in a RB set, the following information can be provided:
• Either (pre)configured ARFCN or predefined synchronization raster pointing to a specific RE of S-SSB can be considered to determine the frequency location of default S-SSB
• Repetition time N is 2
• Gap between two S-SSBs within the RB set can be implicitly derived or predetermined considering the OCB requirement
Proposal 13: Additional phase offset can be considered to be added in 2nd S-SSB within the same RB set to alleviate the PAPR.
Proposal 14: R16 SL synchronization procedure for sidelink synchronization information transmission and Sidelink synchronization reference selection can be reused for SL-U.
Proposal 15: Do not confirm the WA about additional candidate S-SSB made in last meeting and support that additional candidate S-SSB occasions are not excluded from resource pool.
Proposal 16: To avoid AGC issue and inter-UE blocking between S-SSB and PSSCH in the same slot：
• Frequency domain resource of S-SSB and PSCCH/PSSCH are orthogonal
• The starting symbols of S-SSB transmission should be the same as PSCCH/PSSCH in such slot if multiple candidate starting symbols are configured.
Proposal 17: With regard to additional S-SSB occasions belong to resource pool:
• Conflict between S-SSB Tx and PSCCH/PSSCH Tx, S-SSB Rx and PSCCH/PSSCH Tx can be handled according to the priority comparison
• Time domain and frequency domain resource of additional S-SSB transmission occasions locate in (pre-)configured/(pre-)defined resources similar to legacy NR Rel-16/17 S-SSB transmission occasions
Proposal 18: Regarding the number and location(s) of additional candidate S-SSB occasions, support adding some new available values in sl-NumSSB-WithinPeriod for each SCS if necessary.
Proposal 19: At least 1 or 2 sets of consecutive slots can be indicated based on R16 NR SL TRIV, FFS whether and how to support indicating more than two sets of consecutive slots.
Proposal 20: Both the starting time and duration of the set of consecutive slots should be indicated according to the t1 and t2 derived from TRIV.
Proposal 21: For usage of PRB(s) in the intra-cell guard band:
• For interlace RB based transmission, 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
• For continuous RB based transmission, the PRB(s) in the intra-cell guard band can only 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
• The PRB(s) in the intra-cell guard band is not used for PSFCH/S-SSB transmission
Proposal 22: For interlace RB-based PSCCH/PSSCH transmission, PSSCH frequency indication is that:
• Both FRIV1 (start subchannel index S1 and subchannel(s) number L1) and FRIV2 (start RB set index S2 and RB set(s) number L2) for RB set index(s) are indicated
Proposal 23: Support different number of RB set(s) while keeping total number of sub-channels unchanged between initial transmission and retransmission(s) for a TB in case resource of the TB is not reserved by prior SCI.
Proposal 24: In sensing procedure for interlace RB-based PSCCH/PSSCH transmission, support that:
• High layer provides the RB set number 𝑳RBset
• Single slot candidate resource 𝑹x,y needs to be modified as 𝑹x1,x2,y to capture both RB set information and subchannel definition, where x1 stands for start subchannel index and x2 stands for start RB set index
Proposal 25: To configure a resource pool for IRB based transmission, the following parameters are provided:
• Start interlace index
• K
• Number of subchannels within one RB set
• Start index of RB set
• Number of RB set
Proposal 26: The benefit of non-contiguous K interlace subchannel shall be further discussed how to support it.
Proposal 27: For contiguous RB-based transmission, remaining PRBs in the resource pool is not used by UE.
Proposal 28: For contiguous RB-based transmission, regarding sub-channel(s) which include intra-cell guardband PRBs:
• If the number PRBs within guard band is below a (pre)configured threshold, Option2(Such subchannel can be used for PSCCH/PSSCH transmission) is supported
• Otherwise, option3 (Such sub-channel(s) cannot be used for PSCCH transmission, and can be used for PSSCH transmission) is supported
Proposal 29: Contiguous RB-based transmission is only considered for the region where OCB is not required.
Proposal 30: With regard to SL-U resource allocation, mode 1 allocated resource or mode 2 selected resource shall meet the condition of guard PRB usage.
Proposal 31: Do not support COT initiating UE can dynamically indicate which subset of the (pre-)configured PSFCH occasions within its COT are available for PSSCH transmissions.
Proposal 32: Value of N is 1 or 2 according to (pre-)configuration.
Proposal 33: Tx UE can dynamically indicate whether to feedback HARQ information of another previous PSSCH besides current associated PSSCH in (pre)configured PSFCH occasion.
Proposal 34: Regarding more than 1 PSFCH occasion per PSCCH/PSSCH transmission, support the followings:
• For mode 1, the last PSFCH occasion in time domain is used to determine the SL HARQ feedback on PUCCH
• For mode 2, the last PSFCH occasion in time domain is used to determine the HARQ RTT of re-transmission resource
• PSSCH Rx UE does not attempt to transmit PSFCH on remaining PSFCH occasions once HARQ feedback is successfully transmitted
• PSSCH Tx UE can transmit a channel occupy signal on the PSFCH resource to avoid the risk of losing the COT if the COT is interrupted by periodic PSFCH occasions (e.g. there is no intended PSFCH reception or transmission)
Proposal 35: Regarding PSFCH transmission under 15 kHz and 30 kHz SCS, Alt 3-2a is preferred:
• Alt 3-2a: each PSFCH transmission occupies K4 dedicated PRB and 2 common PRBs, where 2 common PRBs locate at the two edges of a RB set
• K4 is equal or larger than 1
Proposal 36: For locations of PRBs of K4 dedicated PRB(s) and 2 common PRBs of alt 3-2a, to achieve RB-based interlace PSFCH transmission, PSD limitation and OCB requirement per agreement, support that:
• K4 dedicated PRBs are within one interlace
• Each of 2 common PRBs is located at edge of one interlace of a RB set
• Dedicated PRBs and common PRBs are within one interlace
• Two Guard PRBs are considered between common PRBs and dedicated PRBs
Proposal 37: Regarding PSFCH transmission under 60 kHz SCS, alt 1 is preferred:
• Each PSFCH transmission occupies K dedicated PRB and 2 common PRBs
• K is equal or larger than 1 (gap between each of K PRBs are larger than 1M Hz to avoid PSD limitation)
Proposal 38: To address the PSD limitation and IBE issue between common PRB and dedicated PRB of PSFCH, decreased power can be set for common PRBs.
Proposal 39: PRB-level cyclic shift hopping as in NR-U is considered to reduce PAPR for PSFCH transmission.
Proposal 40: To address PSD limit over power control, PSD limitation for PSFCH is not needed to be considered in RAN1 as NR-U.
Proposal 41: R16 CSI measurement and feedback mechanism can be reused for SL-U:
• FFS sub-band (e.g., per-RB set) CSI feedback for interlace RB based transmission
Proposal 42: The following higher layer signalling for physical layer structures and procedures can be listed.

	NR_SL_enh2-Core
	sl-StartRBSet-r18          
	In order to indicate the start RB set index for a resource pool
	INTEGER (0..4)
	RAN1#109-e
Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets


	NR_SL_enh2-Core
	sl-NumRBset-r18
	In order to indicate the number of RB sets within a resource pool
	INTEGER (1..5) 
	RAN1#109-e
Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets


	NR_SL_enh2-Core
	sl-transmissionType-r18            

	To indicate the transmission type on the BWP
	ENUMERATED { contiguous RB-based, interlace RB-based}
	RAN1#112b
Agreement
A SL-BWP is (pre-)configured with either contiguous RB-based or interlace RB-based PSCCH/PSSCH transmission, i.e., not both.


	NR_SL_enh2-Core
	sl-SubchannelSizeK-r18   
	To indicate the number of continuous interlace number of a subchannel
	ENUMERATED {1, 2, 5, 10}
	RAN1#110
Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool
RAN1#110b
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


	NR_SL_enh2-Core
	sl-PSFCHOccasionNum-r18    

	To indicate the number of candidate PSFCH occasion(s) associated with one PSCCH/PSSCH transmission
	INTEGER (1..4)
	RAN1#112b
Agreement
Regarding more than 1 PSFCH occasion per PSCCH/PSSCH transmission, support the followings:
· One PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration
· FFS value range of N
· FFS detailed design of such N associated candidate PSFCH occasion(s)
· E.g., they are in different slots of the same RB set, or in different RB sets of the same slot, or combination thereof, etc.
· E.g., whether PSSCH transmission and its related PSFCH occasion(s) are in the same RB set(s)


	NR_SL_enh2-Core
	sl-ReferenceSymbolNum-r18    

	To indicate the reference number of symbols (denoted as L_ref) If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission
	INTEGER (7..14)
	RAN1#112b
Agreement
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference number of symbols (denoted as L_ref)
· Support the followings
· Alt 1: Support Option 4 only
· Note: the options are as below
· Option 4: The reference number of symbols is determined by (pre-)configuration 
· FFS details, e.g., in TS 38.214 Clause 8.1.3.2, whether L_ref replaces  or sl-LengthSymbols or other usage of L_ref, whether  is determined in the same way as in legacy NR SL, etc.


	NR_SL_enh2-Core
	sl-SecondStartSymbol-r18     

	To indicate the second start symbol within a SL slot
	ENUMERATED { sym3，
sym4, sym5, sym6, sym7}
	RAN1#112
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




References
[bookmark: _Ref6480][bookmark: _Ref16505925]Chair's notes RAN1#112bis
Chair's notes RAN1#112
TS 38.213 Physical layer procedures for control
ETSI EN 301 893, Harmonized European Standard, "Broadband Radio Access Networks (BRAN); 5 GHz high performance RLAN"
TS 38.306 User Equipment (UE) radio access capabilities
TS 38.101-1 User Equipment (UE) radio transmission and reception;Part 1: Range 1 Standalone
TS 38.889 Study on NR-based access to unlicensed spectrum
TS 38.215 Physical layer measurements
Simulation Assumption
Table1: Link level PSFCH simulation assumption
	carrier
	6G

	Ant number
	1Tx2Rx

	Channel model
	TDL-C

	TTI number
	100000

	SCS
	15k

	BW
	20M HZ

	PSFCH frequency
	Each PSFCH transmission occupies 1 dedicate PRB and some common PRBs
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