3GPP TSG-RAN WG1 Meeting #112	R1-2300125
Athens, Greece, February 27 – March 3, 2023

Agenda Item:	9.4.1.2
Source:	Huawei, HiSilicon
Title:	Physical channel design for sidelink operation over unlicensed spectrum
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN#94-e approved a new work item on NR sidelink evolution [1], which is further updated in RAN#96 [2]. One objective of this WI is to study and specify sidelink on unlicensed spectrum for both mode 1 and mode 2:
	Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· No specific enhancements for existing NR SL feature
· The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.


This paper will discuss SL-U physical channel design framework, including consideration on how to reuse existing sidelink designs as well as NR-U design, with necessary modification to address these issues due to operation over unlicensed spectrum. The discussion is organized into a set of sections as follows: bandwidth part and resource pool, slot structure, PSCCH/PSSCH, PSFCH and SL-HARQ, and S-SSB.
[bookmark: _Ref129681832]Physical channel design
Bandwidth part and resource pool 
At RAN1#110-e, following agreements on SL BWP and resource pool were made [3].
	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
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


[bookmark: _Ref100752441]Frequency domain configuration
Resource pool configuration
On resource pool configuration, one FFS point left in RAN1#109-e is whether/how to support one SL resource pool can include sub-set of PRBs of one RB set. We do not support such design with the following analysis. 
For unlicensed spectrum, before transmission, LBT has to be performed per RB set except short control signaling. Transmissions can also take place on multiple RB sets subject to multi-channel access procedure. 
Some companies mentioned one benefit that a resource pool only includes sub-set PRBs of one RB set is to allow FDMed resource pool. However, when a resource pool includes integer number of RB sets, UEs can still be FDMed, e.g., different UEs use different contiguous PRBs or interlaced PRBs. The way that several UEs simultaneously access a LBT channel via their own FDMed resource pool is similar to that several UEs simultaneously access the same resource pool with one LBT channel bandwidth, i.e., all those UEs needs to monitor the LBT channel and sense reservation information. 
If a resource pool only includes sub-set of contiguous PRBs or interlaced PRBs of one RB set, a UE can only use part of this RB set if LBT succeeds on this RB set, thus causing resource waste. In addition, for resource pool including only sub-set of contiguous PRBs of one RB set, if bandwidth of the resource pool is less than 80% of 20MHz, OCB requirement cannot be satisfied.
In summary, the design that one SL resource pool can include sub-set of PRBs of one RB set will cause resource waste and may not satisfy OCB requirement, thus not supported.
[bookmark: _Ref110523694][bookmark: _Ref111215296]Observation 1: If a resource pool includes sub-set of contiguous or interlaced PRBs of one RB set, it may result in wasting resource.
[bookmark: _Ref114341098]Observation 2: The way that several UEs simultaneously access a LBT channel via their own FDMed resource pool is similar to that several UEs simultaneously access the same resource pool with one LBT channel bandwidth.
[bookmark: _Ref114341107]Observation 3: A resource pool that only includes sub-set of contiguous of PRBs of one RB set may violate OCB requirements.
[bookmark: _Ref110523655][bookmark: _Ref111215454]Proposal 1: Do not support one SL resource pool includes sub-set of PRBs of one RB set.
Usage of intra-cell guard band PRB 
It was agreed in last meeting that PRBs within intra-cell guard band of two adjacent RB sets can be used for PSSCH transmission, one FFS points is whether such PRB(s) have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets for interlaced RB based transmission. In NR-U, PRBs within the BWP are uniformly allocated to M interlaces with the spacing of 10 RBs, regardless of such PRBs are belonging to RB set or intra-cell guard band, where the value of M depends on SCS. The resources used in frequency domain is an intersection of RBs of indicated interlaces and the union of indicated set of RB sets and intra-cell guard bands of two adjacent RB sets, which means PRB(s) within intra-cell guard band used for PUSCH definitely have the same interlace index(s) as PRBs for PUSSH transmission in these two RB sets. Similarly, we think such design can be reused in SL-U.
[bookmark: _Ref117789986]Proposal 2: For interlaced RB based transmission, the interlace index associated with a PRB, no matter this PRB belongs to intra-cell guard band or not, is determined in the same way as in NR-U.
Another FFS point is to further discuss whether PRBs within intra-cell guard band of two adjacent RB sets can be used for PSFCH/S-SSB transmission. Using PRBs within guard band for transmission needs to take intra-cell interference into consideration, i.e., such PRBs can be used for SL transmission only if a UE performs LBT on the respective LBT channels and uses both of these two RB sets for SL transmission
[bookmark: _Ref117789484]Observation 4: Since intra-cell guard band is used to satisfy inter-channel interference requirement, guard band cannot be used for transmission if its adjacent RB sets are not used for transmission.
In R16/R17 SL, an Rx UE determines its associated PSFCH resource for PSSCH transmission in frequency domain according to one-to-one mapping relationship. If such PRBs are used for PSFCH transmission, legacy mapping rule defined in R16 might be interrupted due to uncertainty of channel access, resulting in uncertainty of the available PSFCH resources in frequency domain. Therefore, we propose PRBs within intra-cell guard band of two adjacent RB sets cannot be used for PSFCH transmission.
In R16/R17 S-SSB design, each S-SSB transmission only occupies 11 RBs and similar design is reused in SL-U. There is no need for a UE to occupy portions of two adjacent RB sets for S-SSB transmission, therefore there is no reason to allocate PRB(s) within intra-cell guard band for S-SSB transmission correspondingly. 
[bookmark: _Ref117789490]Observation 5: If PRBs within intra-cell guard band are used for PSFCH transmission, legacy PSSCH-PSFCH mapping rule as defined in R16 might not be reused due to uncertainty of channel access, i.e. guard band can or cannot not be used depending on whether adjacent RBS sets can be used. This will result in uncertainty of the available PSFCH resources in frequency domain.
[bookmark: _Ref117789990]Proposal 3: PRBs within intra-cell guard band of two adjacent RB sets are not used for PSFCH/S-SSB transmission.
Time domain configuration
In R16/R17 NR sidelink, some slots are excluded from a resource pool, i.e., excluding slots for S-SSB, slots for DL transmission, slots with insufficient number of UL symbols, and reserved slots. Whether the remaining slots are part of resource pool or not are determined based on a bitmap (pre-)configured by higher layers. 
Unlicensed band can be accessed by a UE with either 3GPP or non-3GPP channel access technology subject to regulation. Therefore, even under gNB scheduling, there is no guarantee that the channel can be available for DL or UL or SL transmission at a given time. If SL-U considers Uu TDD configuration and excludes slots from SL resource pool as per Rel-16 NR SL design, it would unnecessarily restrict channel access for SL transmissions and reduce COT utilization efficiency for SL-U. As shown in Figure 1, even there is no inter-RAT device, when Uu TDD configuration is considered for the configuration of SL resource pool, the transmission of Uu data before SL slots may cause that SL UE cannot access channel timely and SL slots are wasted until LBT success. In addition, the duration of COT is highly limited and the SL UE have to stop its transmission if subsequent slots are configured for Uu slots even though there is no need for data transmission.  Therefore, we propose that when determining which slots belong to a SL resource pool, Uu TDD configuration is not taken into account.
 [image: ]
[bookmark: _Ref115097527][bookmark: _Ref115097522]Figure 1 SL transmission limited by Uu transmission
[bookmark: _Ref111215458]Proposal 4: In SL-U, do not consider Uu TDD configuration when determining slots belonging to a SL resource pool.  
As long as “0” exists in the bitmap configuration, the slots allocated in a resource pool are non-contiguous, resulting in slot-level gap between transmissions. Other UE’s LBT may be successful during such gap, resulting in COT lost. For example, as shown in Figure 2, assuming the (pre-)configured bitmap is {1111000}, there are 3 slot gaps between transmission in logical slot #4 and #5, and there is no transmission during such 3 slots in this resource pool. 
In addition, Rel-16 reserved slots are inserted such that the remaining available slots for sidelink is always integer multiple of bitmap length, which further adding slot-level gap in the SL resource pool. If bitmap is set to all “1”, the reserved slots are not needed.
[bookmark: _Ref111215299]Observation 6: If the bitmap of a resource pool is not set to all “1”s, it will result in slot-level gaps between consecutive transmissions and difficult for the UE to maintain a COT. 
[bookmark: _Ref111215460]Proposal 5: Set the value of bitmap to all “1”s to avoid slot-level transmission gaps in a resource pool.
[image: ]
[bookmark: _Ref102074373]Figure 2 Logic slots in a resource pool 
Slot structure
Position of two candidate starting symbols within a slot
At RAN1#111[5], the following agreement on location of two starting symbols within a slot for a PSCCH/PSSCH transmission was made. Each option regarding the location of candidate starting symbol is analyzed below.
	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


Location of 1st starting symbol
In R16/R17 sidelink design, the starting symbol and length of a SL slot are configurable in accordance with corresponding configurations for UL symbols. However, if the 1st starting symbol is not symbol#0, it would unnecessarily restrict channel access for SL transmissions and disable multi-consecutive slots transmission (MCSt) for SL-U. As shown in Figure 3, assume the starting symbol of a SL slot is configured to symbol #2 and the corresponding length is 10 symbols. It’s impossible to enable MCSt in such configuration since the SL UEs have to stop its transmission if subsequent symbols are configured for Uu transmission, even though there is no need for UL data transmission. Therefore, we propose that the 1st starting symbol within a slot is fixed to symbol #0 and the corresponding length of such slot is 14 symbols for normal CP length and 12 symbols for extended CP length.
[image: ]
[bookmark: _Ref118476490]Figure 3 SL transmission limited by NR Uu when sl-StartSymbol-r16 and sl-LengthSymbols-r16 are (pre-)configured to sym2 and sym10 
Location of 2nd starting symbol
[bookmark: _Hlk118279233]In R16 NR SL slot structure, the starting symbol is provided by sl-StartSymbol-r16 with value range as {sym0, sym1, sym2, sym3, sym4, sym5, sym6, sym7}, and symbol length in a slot is provided by sl-LengthSymbols-r16 with value range as {sym7, sym8, sym9, sym10, sym11, sym12, sym13, sym14}. In order to avoid large specification impact, these two starting occasions can be regarded as two sets of starting symbols with different symbol length in a slot. Since the number of PSCCH may be 2 or 3 symbols, to simplify design, the 2nd starting position needs to be selected from {sym4, sym5, sym6, sym7}. In the following, we give analysis that it’s better to set 2nd starting symbol earlier, e.g., setting it as symbol #4.
For medium/high load traffic scenario, the channel is relative busy most of the time and SL transmission always ends up at the end of a slot due to slot structure. Therefore, even if the traffic arrives in the middle of a slot and triggers LBT, the LBT counter can possibly only be decreased from the beginning of an idle slot. 
An example is given in Figure 4, assume the traffic arrives in the middle of slot n+1 and triggers LBT, since slot n+1 is busy and slot n+2 is idle, then the LBT counter begins to decrease from the beginning of slot n+2. Assume the traffic’s CAPC is 1, then the maximum sensing durations for Type 1 channel access for  CAPC = 1 is 2*9 + 16 + 7*9 = 97, which is less than 4-symbol length. Therefore, setting 2nd starting position as symbol#4 can ensure UE access channel as early as possible. If the 2nd starting position is set to be symbol#7, the UE still has to wait for the 2nd starting symbol after LBT success and risk loosing channel.
[image: ]
[bookmark: _Ref114340501]Figure 4 Candidate starting symbols for PSCCH/PSSCH transmission under 30KHz SCS (one starting from symbol#0 and another starting from symbol#4 or symbol#7)
Simulation results
In the following, we provide evaluation results to show the gain of two 2 starting symbols within a slot, especially showing setting 2nd starting position as symbol#4 is better than symbol#7. 
In our simulation, there are 3 clusters and each one includes a center UE and four randomly dropped surrounding UEs, as shown in Appendix Table 1. One of the surrounding UEs generats XR traffic and the other three surrounding UEs generats FTP traffic, and they communicate with the center UE to form a mixed traffic comminication system. We assume 15 ms PDB requirement for XR cloud gaming traffic and 10 ms PDB requirement for XR pose/control traffic, as in TR 38.838. In addition, there are also Wi-Fi devices with FTP traffic and will introduce interfernce to SL-U. More details about simulation assumptions can be found in Appendix.
We simulate the following cases:
· Case 1 (1 starting symbol, #0): there is only one starting symbol (symbol #0) within a slot for PSCCH/PSSCH transmission
· Case 2 (2 starting symbols, #0, #7): there are two starting symbol (symbol #0 and #7) within a slot for PSCCH/PSSCH transmission
· Case 3 (2 starting symbols, #0, #4): there are two starting symbol (symbol #0 and #4) within a slot for PSCCH/PSSCH transmission
As shown in Figure 5, Case 3 (2 starting symbols, #0, #4) can achive 13.7% UPT gain compared with Case 2 (2 starting symbols, #0, #7) for XR traffic. Such UPT gain mainly comes from the fact that XR traffic can start its transmission earlier and reduce COT loss risk due to the shorter gap between LBT success and 2nd starting symbol#4. 
  [image: ]13.7%

[bookmark: _Ref114340522]Figure 5 Performance comparison among different starting symbols within a slot for PSCCH/PSSCH transmission 
[bookmark: _Ref114341117]Observation 7: Setting the 2nd starting symbol at symbol#4 has large UPT gain than setting it at symbol#7, especially for traffic with low CAPC value and low latency requirements such as XR.
In addition to large UPT gain, setting the position of the 2nd starting symbol at symbol#4 is also better than setting it at symbol#7 in terms of TBS determination and MCS adjustment. For example, assume a UE starts its initial transmission at symbol #4 but starts its retransmission at symbol#0, there is 4-symbol length difference for one TB between two transmissions, which is similar to existing case in R16/R17 where there is 3-symbol length difference for one TB between two transmissions when a UE starts its (re)transmission on a slot with or without PSFCH. However, if set the 2nd starting symbol at symbol#7, there will be 7-symbol length difference for one TB between two transmissions, resulting in extreme low or high MCS for one of these two transmissions, as well as inaccuracy on TBS determination (more details on TBS determination are shown in section 2.2.2).
Some companies proposed to determine the 2nd starting symbol via (pre-)configuration. However, from our simulation results and analysis above, it’s not reasonable to (pre-)configure other values, e.g., symbol#7, due to the loss of system performance. 
[bookmark: _Ref127542200]Observation 8: There is 4-symbol length difference for one TB between two transmissions when a UE starts its (re)transmission at symbol #4 and symbol#0 respectively, which is similar to existing case in R16/R17 where there is 3-symbol length difference for one TB between two transmissions when a UE start its (re)transmission on a slot with or without PSFCH.
[bookmark: _Ref127542201]Observation 9: There is 7-symbol length difference for one TB between two transmissions when a UE starts its (re)transmission at symbol #0 and symbol#7 respectively, resulting in extreme low or high MCS for one these two transmissions, as well as inaccuracy on TBS determination.
[bookmark: _Ref115427585]Proposal 6: On two starting symbols within a slot for a PSCCH/PSSCH transmission:
· The 1st starting symbol is fixed to symbol 0 (option 1), and the corresponding length for PSCCH/PSSCH transmissions in a slot is 14 symbols for NCP and 12 symbols for ECP.
· The 2nd starting symbol is fixed to symbol 4 (option A), and the corresponding length for PSCCH/PSSCH transmissions in a slot is 10 symbols for NCP and 8 symbols for ECP.
[bookmark: _Ref125811265]TBS determination
It was agreed in RAN1#111[5] that TBS is determined based on a reference symbol length if a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission and four options are listed to determine the reference symbol length. We prefer that the reference symbol length is dynamically indicated by Tx UE, i.e., option 1 with following analysis.
	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 



In R16 NR SL, the number of symbols within a slot for TBS determination is jointly determined by the slot length provided by sl-LengthSymbols, and PSFCH overhead as per TS 38.214 (copied below). For example, when sl-PSFCH-Period =1 and sl-LengthSymbols =14 is (pre-)configured by higher layer, if 'PSFCH overhead indication' field of SCI format 1-A indicates "1" for the PSSCH, and thus the number of  useful symbols in this slot equals to  . Similarly, the reference symbol length can also be dynamically indicated by Tx UE to realize flexible and accurate TBS determination as that on PSFCH overhead determination. 
	(Below is copied from TS 38.214)
[bookmark: _Toc29673241][bookmark: _Toc29673382][bookmark: _Toc29674375][bookmark: _Toc36645605][bookmark: _Toc45810654][bookmark: _Toc114223908]8.1.3.2	Transport block size determination


For the PSSCH assigned by SCI, if Table 5.1.3.1-2 is used and , or a table other than Table 5.1.3.1-2 is used and  the UE shall first determine the TBS as specified below:
The UE shall first determine the number of REs (NRE) within the slot.
-	A UE first determines the number of REs allocated for PSSCH within a PRB () by , where  
-	 is the number of subcarriers in a physical resource block, 
-	 = sl-LengthSymbols -2, where sl-LengthSymbols is the number of sidelink symbols within the slot provided by higher layers, 
-	 = 3 if 'PSFCH overhead indication' field of SCI format 1-A indicates "1", and  = 0 otherwise, if higher layer parameter sl-PSFCH-Period is 2 or 4. If higher layer parameter sl-PSFCH-Period is 0, . If higher layer parameter sl-PSFCH-Period is 1, .
-	 is the overhead given by higher layer parameter sl-X-Overhead, 
-	 is given by Table 8.1.3.2-1 according to higher layer parameter sl-PSSCH-DMRS-TimePatternList.
…


[bookmark: _Ref118707012]For option 2/3/4, the reference symbol length for TBS determination is determined based on a fixed value no matter the transmission starts from 1st or 2nd starting symbol. When the reference symbol length differs from the transmitted symbol length, the MCS used will also differs from the indicated MCS in SCI 1-A, which may cause performance degradation on decoding. Such situation in option 2 and option 3 gets worse especially when the 2nd starting symbol is set at symbol#7 since there is at least two times difference (7-symbol length vs. 14-symbol length) between the reference one and transmitted one. In addition, dynamical indication is more flexible than (pre-)configuration since it allows the TX UE to indicate a more practical reference symbol length according to, such as resource selected for retransmission
Proposal 7: For SL-U with two starting symbols within a slot, support option 1, i.e., the reference symbol length is dynamically indicated by Tx UE, which is similar to PSFCH overhead indication as defined in Rel-16.
AGC training and PSCCH blind decoding complexity
In RAN1#111[5], the behavior of Tx UE and Rx UE on AGC training are discussed for SL-U with two starting symbols within a slot as below. We provide our analysis on Tx UE behavior and Rx UE behavior respectively.
	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



For a slot with 2 candidate starting symbols, a RX UE cannot determine whether a transmission starts from the first starting symbol or the second starting symbol until it successfully decodes PSCCH for the initial slot of a COT. However, the duration for decoding 1st stage SCI is , i.e., a number of slots depending on SCS. In this case, the RX UE would always perform AGC training on both starting symbols to enable subsequent decoding performance for PSCCH/PSSCH, therefore:
· If PSCCH/PSSCH transmission starts from 1st starting symbol, the TX UE would always have these two starting symbols as AGC symbols to ensure the RX UE decoding PSCCH/PSSCH successfully since the decoding capability of RX UE(s) is unknown to the TX UE. Thus, option 1 is supported.
· For option 2, if a TX UE has only 1 symbol for AGC purpose while the RX UE have both starting symbols as AGC purpose due to processing restriction, mismatched behavior between TX UE and RX UE occurs, resulting in decoding failure of PSCCH/PSSCH. Thus, option 2 is not supported.
· For option 3, similar issue as stated in option 2 also exists and more workload is needed in order to specify TX UE behavior under different conditions. Thus, option 3 is not supported.
After a UE receives COT sharing information and knows the COT structure, the UE does not need to search for multiple AGC and PSCCH candidates in slots within the COT. Correspondingly, remaining slots, except 1st slot, within the COT only have one starting symbol. 
[bookmark: _Ref127542203]Observation 10: When a RX UE receives COT sharing information and knows the COT structure, the RX UE does not need to search for multiple starting symbols in slots within the COT. 
According to the analysis on TX UE behavior above, a TX UE would always have 2 starting symbols for AGC purpose and these two starting symbols are copied from its subsequent symbol, it’s more reasonable for a RX UE to monitor these two starting symbols for AGC purpose considering another TX UE may start its transmission on the 2nd starting symbol. Thus,
· Option A is supported since it aligns with the behavior of TX UE and makes full use of the AGC symbols.
· Option B, option C and option D is not preferred because they may ignore the 2nd AGC symbol and results in possible decoding failure compared to option A.
[bookmark: _Ref127542439][bookmark: _Ref118381679]Proposal 8: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behavior: If PSCCH/PSSCH transmission starts from 1st starting symbol, the PSCCH/PSSCH transmission has 2 symbols for AGC purpose, i.e., option 1.
· Regarding Rx UE behavior: The Rx UE always monitors two AGC symbols in such slot, i.e., option A.
[bookmark: _Ref127542447]Proposal 9: Within a COT, PSCCH/PSSCH transmission on slots except 1st slot shall start from 1st starting symbol.
Other details
Since introducing two candidate starting symbols can largely increase UPT, especially for traffic with low latency requirement such as XR, it’s beneficial for the system performance with existing SCS configuration over unlicensed band, i.e., 15 KHz, 30 KHz and 60 KHz. Therefore, we support to apply 2 candidate starting symbols within a slot for all the SCS configuration over unlicensed band.
[bookmark: _Ref118707100]Proposal 10:  Two candidate starting symbols within a slot is applied for all the SCS configuration.
For two candidate starting symbols, the processing time constraints can keep the same as R16 NR SL.
PSCCH/PSSCH
Contiguous RB-based transmission
Sub-channel definition
At RAN1#111, following agreement on sub-channel was made [5]. The mapping of sub-channel to PRBs in contiguous RB-based transmission case needs further study. We provide our analysis below for the case where one TB that occupies one RB set or multiple RB set.
	Agreement
For contiguous RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and PRBs, further study the following options:
· 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: whether/how to use sub-channel(s) which include intra-cell guardband PRBs
· FFS: whether/how to handle the case when the number of PRBs of the resource pool cannot be divided by sub-channel size
· [bookmark: _Hlk127111090]Option 2 (sub-channel aligns with RB set boundary): In each RB set, the mapping of sub-channel starts from the first PRB of the RB set and mapped sequentially within the RB set according to the sub-channel size
· FFS: whether/how to use intra-cell guardband PRBs
· FFS: whether/how to handle the case when the number of PRBs of one RB set cannot be divided by sub-channel size
· Option 3 (sub-channel aligns with RB set boundary): In each RB set, the mapping of sub-channel starts from the first PRB of the RB set and mapped sequentially within the RB set and/or guardband PRB according to the sub-channel size
· FFS: how to use intra-cell guardband PRBs
· FFS: how to use the subchannel including PRBs in guardband



Figure 6 depicts details of each option when one resource pool includes two RB sets and guard band between them. For simplicity, as shown in Figure 6, rest PRBs are defined as PRBs that are not included in any sub-channel when the number of PRBs of the resource pool or the RB set cannot be divided by sub-channel size.
In RAN1#110bis-e, RAN1 agreed that guard band PRBs can be used for PSSCH transmission to improve resource utilization if the transmission spans multiple RB sets, such principle is assumed in the discussions below. 
Firstly, we analyze the case where one TB spans multiple RB sets:
· In option 1, 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, and PRBs within guard band are divided into sub-channels accordingly. As shown in Figure 6, if one TB spans RB set 0 and RB set 1, including PRBs from sub-channel 0 to sub-channel 6, since the number of each sub-channel are equal, there is no issue on TBS determination compared to R16/R17 design. No additional design is needed.
· In option 2, the mapping of sub-channel starts from the first PRB of the RB set and mapped sequentially within the RB set according to the sub-channel size. As shown in Figure 6, if one TB spans RB set 0 and RB set 1, including rest PRBs in RB set 0 and guard band PRBs, RAN1 needs additional design on how to use such rest PRBs and guard band PRBs since they do not belong to any sub-channel. This may also impact TBS determination and become complicated.
·  In option 3, the mapping of sub-channel starts from the first PRB of the RB set and mapped sequentially within the RB set and/or guard band PRB according to the sub-channel size. Similar issue stated in option 2 exists when one TB spans RB set 0 and RB set 1.
[bookmark: _Ref127542204]Observation 11: When one TB spans multiple RB sets, for Option 2 and 3, RAN1 needs additional design on how to use rest PRBs and gurardband PRBs since they do not belong to any sub-channel. Option 1 is much simpler and no additional design is needed.
Next, we analyze the case where one TB occupies only one RB set (e.g., RB set 0).
· In Option 1 and 3, the usage of sub-channel 3 needs some further study since it includes intra-cell guard band PRBs. To increase resource efficiency, it’ll be good if sub-channel 3 can be used for PSCCH/PSSCH transmission. However, if the number of PRBs of sub-channel 3 after excluding intra-cell guardband PRBs is too small and even not enough to transmit PSCCH, then only PSSCH can be transmitted. RAN1 can further study the detailed usage.
·  In Option 2, it’s unclear how to use the rest PRBs. If they are simply merged to sub-channel 2, then the size of sub-channel 2 may be much larger than other sub-channels, and cause TBS determination very inaccurate.
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[bookmark: _Ref127372036]Figure 6 Mapping between sub-channel and contiguous PRBs 
Based on above analysis, Option 1 is supported since it’s more aligned with legacy NR SL design and has less specification impact. 
Regarding the case when the number of PRBs of the resource pool cannot be divided by sub-channel size, the PRBs that do not belong to any sub-channel are not used in legacy NR SL. Same handling can be adopted for SL-U to avoid additional workload.
[bookmark: _Ref127542479]Proposal 11: Regarding mapping between sub-channel and PRBs, support option 1 below:
· 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.
· RAN1 further study the usage of sub-channel(s) which include intra-cell guard band PRBs, considering aspects like: the number of PRBs of such sub-channel(s) after excluding intra-cell guardband PRBs, etc.
· RAN1 does not need to handle the case when the number of PRBs of the resource pool cannot be divided by sub-channel size, i.e., same as legacy NR SL design
Resource indication
At RAN1#110, following agreement on resource indication for PSSCH and PSSCH is made [3]. In this section, we analyze the resource indication for contiguous RB-based transmissions.
	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 
· FFS: whether any enhancement needed on R16 NR SL TRIV/FRIV if new feature is introduced in SL-U, e.g., multi-slot consecutive transmission


In NR sidelink, the UE can indicate its candidate resources for each TB by TRIV and FRIV carried in 1st SCI as shown in Figure 7 a).
In frequency domain, because the definition and indexing of sub-channel for contiguous RB-based PSCCH/PSSCH transmission over unlisenced band are same as that in R16/R17 SL design, legcy FRIV can be resued. 
In time domain,  In order to supporting MCSt, some companies may consider enhancement of TRIV, e.g., enhancing TRIV to indicate multiple TBs. We think such TRIV enhancement is unnecessary. Because if a UE indicates multiple TBs in a signle SCI, such as 3 TBs, the UE needs to select candidate reources in consecutive slots for multiple TBs, while each TB may require different number of sub-channels.  It’s hard for a UE to select candidate resource that meet all requirements for each TB. In addition, such enhancement will introduce large specification changes, such as impact on resource selection procedure, since in R16/R17 design a UE selects a candidate resource that only includes one slot and several sub-channels for one TB in one procedure. 
In summary, to avoid large spec impact, we propose to reuse legacy TRIV indication mechanism. As shown in Figure 7 b),  the TRIV indication for each TB remains the same with that of R16/R17 sidelink. 
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[bookmark: _Ref126416762]Figure 7 Resource indication for contiguous RB transmission for SL-U
[bookmark: _Ref127542481]Proposal 12: For contiguous RB-based PSCCH/PSSCH transmission, both R16 NR SL TRIV and FRIV are reused for resource indication.
Interlace RB-based transmission
[bookmark: _Ref127191456]Resource allocation
On resource allocation for interlace RB-based transmission, one FFS point is to down-select one of below options. We support Option A below with following analysis.
	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


In option B, due to the number of interlaces in different RB sets can be different, the number of used PRBs per 1 MHz may be different, resulting in unequal power over used PRBs under PSD limit on unlicensed band.
Option A is adopted in NR-U, where frequency resources allocated to each UE are always uniformly distributed to avoid unequal power over used PRBs and high PAPR. In addition, RAN4 has also defined related parameters on MRP of the design in option A (spec is copied below).
	(Below is copied from TS 38.101-1)
Table 6.2F.2-1 Maximum power reduction (MPR) for shared spectrum access UE power class 5
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)

	DFT-s-ODFM
	Pi/2 BPSK4
	≤ 1.5
	≤ 2.5

	
	QPSK
	≤ 1.5
	≤ 2.5

	
	16 QAM
	≤ 2.0
	≤ 3.0

	
	64 QAM
	≤ 3.5
	≤ 4.5

	
	256 QAM
	≤ 5.0
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3.5

	
	16 QAM
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 5.5
	≤ 5.5

	
	256 QAM
	≤ 7.0
	≤ 7.0

	NOTE 1:	The MPR shall apply to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel.  The MPR applies to interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214 [10].
NOTE 2:	Full RB allocation MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and sub-bands are transmitted according to configuration A in Table 6.2F.2-2.
NOTE 3:	Partial RB allocation MPR applies when one or more RB’s in one or more sub-bands are not allocated or when the transmitted sub-bands for wideband operation are transmitted according to configuration B in Table 6.2F.2-2.
NOTE 4:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.





An example is given in Figure 8, which assumes 1 RB set includes 105 PRBs and the intra-cell guard band includes 6 PRBs under 15KHz SCS. 
Figure 10 (a) illustrates Option A, where we assume UE uses interlace #0,1 in both RB set 0 and RB set 1, so that the spacing between two contiguous occupied RBs for one PSSCH transmission is always 8 RBs.
Figure 10 (b) illustrates Option B, where we assume UE uses interlace #0,1 in RB set 0 and interlace #4,5 in RB set 1, it can be observed that the spacing between two contiguous occupied RBs for one PSSCH transmission will be 8 or 3 or 4 RBs, such unequal spacing will cause PAPR issue and causes RAN4 specification impact. In addition, in Option B, it’s unclear whether/how the PRBs within intra-cell guard band are used.
[image: ]
[bookmark: _Ref126591693]Figure 8 Illustration of Option A, B, i.e., the used interlace index(s) in different RB sets are always the same or can be different
[bookmark: _Ref127542206]Observation 12: If the used interlace index(s) in different RB sets are different, the spacing between occupied RBs of one PSSCH transmission becomes unequal, resulting in PSD issue, high PAPR issue, and may cause RAN4 specification impact (at least an LS to RAN4 is needed for further investigation).
[bookmark: _Ref127542482]Proposal 13: Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· When more than one RB set is used for transmissions, support Option A where  the used interlace index(s) in different RB sets are always the same
Sub-channel definition
At RAN1#110 and RAN1#111, following agreement on resource indication and sub-channel were made [3][5]. One point that needs further discussion is the mapping of sub-channel to interlace for interlace RB-based transmission. 
	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
Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and interlace, RAN1 further study the followings:
· Option 1: 1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool
· Option 2: 1 sub-channel is defined within 1 RB set, and is incrementally indexed firstly within an RB set, then across different RB sets within the resource pool
· Option 3: 1 sub-channel is defined across all RB sets within the resource pool, i.e., 1 sub-channel includes K interlace(s) across all RB sets within the resource pool
· Option 4: 1 sub-channel is defined within 1 RB set or 2 adjacent RB sets, and is incrementally indexed firstly within an RB set, then across different RB sets within the resource pool
· Option 5: 1 sub-channel is defined within 1 RB set, and is incrementally indexed firstly across different RB sets within the resource pool, then across different interlaces in the RB set 
· FFS: whether/how to use intra-cell guardband PRBs



Figure 9 has shown each option listed in the agreement of sub-channel mapping, and we provide our analysis as below.
Option 1/3: For these two options, one interlace from different RB sets are indexed within one sub-channel and both sub-channel index(s) and RB set index(s) are needed for frequency domain resource indication, which actually reuses the mechanism as in legacy NR-U, where one interlace is defined per carrier so that 1 interlace may span across multiple RB sets. Compared with option 1, option 3 is more aligned with Rel-16 NR SL definition where sub-channels are defined per RP. Therefore, option 3 is preferred. In addition, PRBs within intra-cell guard band are indexed into sub-channels according to the interlace it locates. 
Option 2: For this option, one sub-channel is defined within one RB set, and is incrementally indexed firstly within an RB set, then across different RB sets within the resource pool. Only sub-channel index(s) is used for frequency domain indication. Some companies proposed to reuse the design of FRIV in R16/R17 SL for option 2, where a starting sub-channel and a number of contiguous sub-channels are jointly indicated. As shown in Figure 9, transmission from sub-channel 3 to sub-channel 5 is allowed according to existing FRIV design in R16/R17, however it brings high PAPR and PSD issue due to irregular waveform as discussed in section 2.3.2.1.
Option 4:  For this option, one sub-channel is defined within one RB set or two adjacent RB sets. It seems Option 4 assumes one sub-channel equals to two interlaces under 30 KHz, which is not agreed yet and will be very complicated. In addition, when a resource pool includes 3 RB sets and is (pre-)configured with 30 KHz SCS, the mapping between sub-channel and interlace is unclear.
Option 5:  This one differs from option 2 in the indexing of sub-channel. 1 sub-channel is defined within 1 RB set, and is incrementally indexed firstly across different RB sets within the resource pool, then across different interlaces in the RB set.  If existing design of FRIV in R16/R17 SL is reused in this option, there will be additional issues on high PAPR and unequal PSD due to irregular interlaced waveform as stated in option 2. For example, transmission from sub-channel 0 to sub-channel 2 is allowed according to existing FRIV design in R16/R17, resulting in irregular interlaced waveform. In addition, existing design of FRIV may be insufficient to support all valid cases on resource allocation in option 5. For example, transmission on interlace 0 and interlace 1 in RB set 0 needs to be indicated by sub-channel 0 and sub-channel 2, which is discontinuous in sub-channel indexes. 
[bookmark: _Ref127542207]Observation 13: Regarding mapping between sub-channel and interlace:
· Option 1/3 are similar with NR-U design, and Option 3 is more aligned with Rel-16 NR SL definition where sub-channels are defined per RP.
· Option 2/5 together with legacy NR SL FRIV indication will cause high PAPR issue due to irregular waveform.
· Option 4 seems to assume one sub-channel equals two interlaces under 30KHz SCS, which is not agreed yet and is very complicated.
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[bookmark: _Ref126140576]Figure 9 Mapping between sub-channel and interlace under 30KHz SCS configuration
[bookmark: _Ref127542484]Proposal 14: Regarding mapping between sub-channel and interlace, Option 3 is supported:
· 1 sub-channel is defined across all RB sets within the resource pool, i.e., 1 sub-channel includes K interlace(s) across all RB sets within the resource pool
[bookmark: _Ref127542485][bookmark: _Ref115427641]Proposal 15: PRBs within intra-cell guard band between two adjacent RB sets are allocated to sub-channel(s) according to the interlace it locates.
Resource indication
As discussed before, we propose to adopt NR-U mechanism on mapping between sub-channel and interlace, as well as resource indication in frequency domain. As shown below, in NR-U, two-level indication, i.e. X+Y, is introduced to indicate allocated interlace and RB set(s) respectively, where RIV and bitmap are used to indicate allocated interlace(s) for 15 KHz SCS and 30 KHz SCS respectively, and RIV is used to indicate allocated RB set(s). Note that the allocated RB set(s) for one UE should be contiguous, but the allocated interlace indexes can be non-contiguous to boost TX power with special design for frequency resource assignment under 15 KHz SCS (pre-)configuration.  
	 (Below is copied from TS 38.214)


For µ=0, the X=6 MSBs of the resource block assignment information indicates to a UE a set of allocated interlace indices , where the indication consists of a resource indication value (RIV). For  ,  the resource indication value corresponds to the starting interlace index m0 and the number of contiguous interlace indices (). The resource indication value is defined by:
if  then

else


For  , the resource indication value corresponds to the starting interlace index m0 and the set of values  according to Table 6.1.2.2.3-1.

Table 6.1.2.2.3-1: m0  and  for .
	
	m0
	


	0
	0
	{0, 5}

	1
	0
	{0, 1, 5, 6}

	2
	1
	{0, 5}

	3
	1
	{0, 1, 2, 3, 5, 6, 7, 8}

	4
	2
	{0, 5}

	5
	2
	{0, 1, 2, 5, 6, 7}

	6
	3
	{0, 5}

	7
	4
	{0, 5}


For µ=1, the X=5 MSBs of the resource block assignment information comprise a bitmap indicating the interlaces that are allocated to the scheduled UE. The bitmap is of size M bits with one bitmap bit per interlace such that each interlace is addressable, where M and interlace indexing is defined in Clause 4.4.4.6 in [4, TS 38.211]. The order of interlace bitmap is such that interlace 0 to interlace  are mapped from MSB to LSB of the bitmap. An interlace is allocated to the UE if the corresponding bit value in the bitmap is 1; otherwise the interlace is not allocated to the UE.
For DCI 0_0 monitored in a UE-specific search space and DC 0_1 for both µ=0 and µ=1, the  the resource block assignment information indicate to a UE a set of contiguously allocated RB sets for PUSCH scheduled by DCI 0_0 monitored in a UE-specific search space, DCI 0_1 and Type 1 and Type 2 configured grant. The resource allocation field consists of a resource indication value (). For  ,  the resource indication value corresponds to the starting RB set index  and the number of contiguous RB sets . The resource indication value is defined by;
if  then
 
else
 
where ,  and shall not exceed 


[bookmark: _Ref127542209]Observation 14: Two-level resource indication, i.e. X+Y, is introduced in NR-U, where X bits indicate a set of allocated interlace indices and Y bits indicate a set of contiguously allocated RB set(s). 
Figure 10 gives two examples of resource indication in NR-U. As shown in left figure, assume there are 2 RB sets within the NR-U BWP with 15 KHz SCS configuration, a UE needs X=6 MSBs to indicate the used interlace(s) and Y= =2 LSBs to indicate the used RB set(s). If UE1’s transmission occupies 2 interlaces in one RB set, it can be realized by setting X=6 MSBs as “001010”i.e.,  , to indicate “interlace #0&#1” and setting Y=2 LSBs as “01”, i.e., , to indicate “RB set 1”. Similarly, in the right figure, if UE2’transmission occupies 2 interlaces across two RB sets, it can be realized by setting X=6 MSBs as “001010” to indicate “interlace #0&#1” and setting Y=2 LSBs as “10”, to indicate “RB set 0&1”.
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[bookmark: _Ref127519728][bookmark: _Ref127519725]Figure 10 Resource indication for interlaced RB transmission in NR-U
Similarly, two-level indication can be reused for SL-U for interlace RB-based transmission. In addition to sub-channel indication, indication on which RB set(s) are used for transmission is also needed. This is similar to NR-U where both RB set index and interlace index are indicated in a DCI/CG. When a UE requires multiple sub-channels for PSSCH transmission, these sub-channel indexes can be adjacent to reduce IBE especially for interlaced based structure whist some special patterns where non-contiguous sub-channel indexes are assigned for a PSSCH transmission can be designed to allow power boosting. Such design can achieve flexible frequency resource assignments.
Figure 11 gives an example for SL-U resource indication, where we assume there are two RB sets within the resource pool with 15 KHz SCS configuration, and each sub-channel includes one interlace. If a UE is configured to support maximum two reserve resources, it needs X= MSBs to indicate the reserved interlace(s) and Y= =2 LSBs to indicate the reserved RB set(s). If UE1’s transmission occupies 2 sub-channels in one RB set, it can be realized by setting R16 NR SL FRIV indicating sub-channel #0&#1 and setting Y bits (newly introduced) indicating RB set 1 based on R16 NR SL FRIV.

   [image: C:\Users\y00613180\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\A56EE107.tmp]
[bookmark: _Ref126591858]Figure 11 Resource indication for interlaced RB transmission in SL-U
In addition, Rel-16 TRIV can still be used for time domain indication for interlaced based transmission since it is not related to frequency transmission structure.
[bookmark: _Ref127542486]Proposal 16: For interlaced based PSCCH/PSSCH transmission, 
· For time domain indication, R16 NR SL TRIV is reused. 
· For frequency domain indication, support explicitly indicating the used sub-channel index(s) and RB set index(s) based on FRIV.
Unequal sub-channel size issue
The number of available RBs of different sub-channel(s) may not be the same due to guard band. As shown in Figure 12, no matter contiguous RB-based or interlaced-RB based configuration, there are cases that the frequency resource allocation for a TB between initial transmission and retransmission are different due to the configuration of guard band. 
Figure 12 (a) gives an illustration of contiguous RB-based case, where the number of PRBs in SubCH#11 in RB set 0 is less than the (pre-)configured sub-channel size when SubCH#11 includes PRBs belonging to guard band, resulting in the total number of PRBs for initial transmission (if on SubCH#0 and SubCH#1) and retransmission (if on SubCH#10 and SubCH#11) being different. 
Figure 12 (b) gives an illustration of interlace RB-based case, where we assume one RB set includes 105 PRBs. There are 10 interlaces for 15 kHz SCS. Then, there are 5 interlace with 11 PRBs of each interlace and 5 interlaces with 10 PRBs of each interlace per RB set. When subCH#0 and subCH#1 are allocated for initial transmission, and subCH#4 and subCH#5 are allocated for retransmission, the total number of PRBs for initial transmission is 22 while the total number of PRBs for retransmission is 21, resulting in unequal number of PRBs allocated for (re)transmission of the same TB even though they have been allocated with same number of interlaces/sub-channels. 
   [image: ]
[bookmark: _Ref111197979]Figure 12 Unequal number of PRBs between initial transmission and retransmission 
[bookmark: _Ref111215338]Observation 15: Due to the existence of intra-cell guard band PRB, for both IRB and contiguous RB, the available PRBs in different sub-channels may be different, resulting in different number of PRBs for initial and retransmission of same TB.
The issue above will impact TBS calculation. Since initial and retransmission of same TB may have different number of PRBs, it’s not possible to calculate the TBS based on the actual number of PRBs. A straightforward way to solve it is by introducing reference number of PRBs to determine TBS. Since the number of available RBs between two transmission for one TB may be quite different when edge PRBs and PRBs within sub-channel(s) that includes guard band are included into adjacent sub-channel, a fixed value for used PRBs calculation is inaccurate. We propose that the reference number is dynamically indicated by TX UE, which is similar to Rel-16 design on introduction of reference number of symbols in a slot, taking into account that PSFCH may or may not be present in a slot subject to resource pool configuration, and resulting in different TBS determination for (re-)transmission of a TB. 
[bookmark: _Ref111215473]Proposal 17: Tx UE dynamically indicates a reference number of PRBs to determine TBS to address the issue of unequal number of PRBs in the allocated frequency resource for (re)transmission of a same TB.
PSCCH/PSSCH mapping
At RAN1#110, following agreement on resource indication for PSSCH and PSSCH is made [4]. One FFS is to discuss whether/how to support option 2, i.e., PSCCH locates in every RB set of corresponding PSSCH. We do not support such design with following analysis.
	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


In both LTE and NR V2X, a UE’s transmission and reception are constrained to resource pools. A UE can be configured with multiple Tx resource pools and Rx resource pools. The bandwidth of each resource pool can be different. UEs communicating in the same resource pool should have the same bandwidth capability, thus Option 2 is not needed.
[bookmark: _Ref118381982]Proposal 18: Do not support option 2 below:
· Option 2: PSCCH locates in every RB set of corresponding PSSCH.
PSFCH and SL-HARQ
Addressing LBT failure
At RAN1#111, following agreement on locations of PSFCH was made [5]. There are two alternatives to address PSFCH transmission dropping due to LBT failure. The details about these alternatives will be discussed as follows.
	Agreement
To address PSFCH transmission dropping due to LBT failure, RAN1 down-select one of followings, or support the combination of followings:
· 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



Discussion on Alt 1 (more than 1 PSFCH occasion per PSCCH/PSSCH transmission)
In NR SL, resources for PSFCH are (pre-)configured and occur in the resource pool periodically, e.g. in every 1, 2 or 4 slots(s) within a resource pool. For Alt 1 supporting multiple PSFCH occasions per PSCCH/PSSCH transmission based on (pre-)configuration, it is not suitable for operations over unlicensed spectrum, because:
· Reduced PSFCH capacity: In the existing R16/R17 design, there are multiple UEs perform HARQ-ACK feedback per PSFCH occasion. A number of cyclic shift pairs is beneficial to support groupcast option 2 where multiple RX UEs need to feedback for one PSCCH/PSSCH transmission at different PSFCH resources. The number of candidate PSFCH resource for each PSCCH/PSSCH transmission directly limits the size of groupcast option 2. Given limited PSFCH resources, the more candidate PSFCH resource per PSCCH/PSSCH transmission introduced, the less multi-user multiplexing supported, and this is particularly worse for groupcast option 2-based HARQ feedback.
In addition, even if we introduce more PSFCH transmission chances, it’s still possible that those occasions may be occupied by other UEs. For example, as shown in Figure 13, once the (pre-)configured resources within the resource pool are occupied by other RAT UEs, even if there are four or more candidate PSFCH resource for UE 1 and UE 2, they still cannot perform HARQ-ACK reporting as expected. This is because once the COT is occupied by other-RAT UEs, the duration of the occupied COT is usually at millisecond level. 
                [image: ]
[bookmark: _Ref117788782]Figure 13 PSSCH with multiple PSFCH resources
· Absence of PSFCH transmission: As shown in Figure 14 (a), the (pre-)configured PSFCH resource might be close to the beginning of a COT, thus leaves not enough time for the UE to process the data and thus unable to transmit HARQ-ACK on such PSFCH resource. For the case shown in Figure 14 (b), it’s possible that no UE transmits HARQ-ACK on the (pre-)configured PSFCH resource within a COT, e.g., blind retransmission, etc. If either happens, the current COT may be lost because such PSFCH gap is too large that other UE’s LBT might be successful and access the channel. In addition, such PSFCH duration are still taken into account when calculating COT duration, which reduce the available COT duration considering the Maximum COT duration limitation.
 [image: ]
[bookmark: _Ref117788801]Figure 14 No PSFCH transmission may result in COT lost (a) due to processing time constraint; (b) blind retransmission
· Reduced COT duration for PSCCH/PSSCH transmission: E.g., for transmitting a large FTP file, of which the remaining PDB is large, HARQ-ACK can be reported once at the end of the COT, rather than multiple times within the COT. Another example is that TX UE may perform blind retransmissions and there is no need to have any PSFCH resource within the COT. Therefore, unneeded or dense PSFCH resources for some PSCCH/PSSCH transmission results in the reduction of the available resources for PSCCH/PSSCH transmission within the COT.
[bookmark: _Ref117789705]In addition, due to there are various kinds of devices over unlicensed band, it’s possible that there will be contiguous LBT failure for SL devices. If we drop the HARQ-ACK feedback for missed PSFCH occasions per PSSCH and do the retransmission, the system performance will be greatly decreased.
Observation 16: For Alt 1 supporting multiple PSFCH occasions per PSCCH/PSSCH transmission based on (pre-)configuration, it may not be suitable for operations over unlicensed spectrum, because：
· PSFCH capacity will be further reduced given multiple PSFCH occasions are defined for one PSCCH/PSSCH transmission, the more candidate PSFCH resource per PSCCH/PSSCH transmission introduced, the less multi-user multiplexing supported, and this is particularly worse for groupcast option 2-based HARQ feedback.  
· Even if multiple PSFCH occasions design is introduced for one PSCCH/PSSCH transmission, it still cannot efficiently resolve LBT failure since those occasions may be occupied by inter-RAT UEs.
· It’s possible that no UE transmits HARQ-ACK (i.e. due to processing time constraints, HARQ-disabled, groupcast option 1) on the (pre-)configured PSFCH resource within a COT, such that the current COT may be lost.
· Unneeded or dense PSFCH resources for some PSCCH/PSSCH transmission results in the reduction of available time resources for transmission in a COT given that a COT is defined to include both transmission and gaps.
[bookmark: _Ref118381541]Observation 17: Simply drop HARQ-ACK feedback for missed PSFCH occasions per PSSCH and do the retransmission will result in system performance degradation due to high probability of LBT failure of SL-U devices
Discussion on Alt 2 (PSFCH occasions are dynamically indicated)
To address LBT failure, Alt 2 supporting dynamic indication of PSFCH occasions by COT initiating UE can be an effectively way, i.e., when a UE’s LBT is successful and initiates a COT, the UE can indicate where the PSFCH resources are within and outside its COT. Note that such design is similar to NR-U, where PUCCH resource can be dynamically scheduled by gNB via introducing signaling a value of the PDSCH-to-HARQ-timing-indicator in the DCI and the UE can obtain the specific timing and resource for HARQ-ACK feedback, thus gNB can effectively utilize resources within a COT by indicating PUCCH resource corresponding to the specific PDSCH.  As shown in Figure 15, the location of PSFCH resources within and outside the COT can be explicitly indicated in COT indication information, and the UEs who obtains the COT indication information can know the locations of PSFCH resources within the COT and transmit HARQ-ACK at those indicated occasions. 
[image: ]
[bookmark: _Ref117788866]Figure 15  PSFCH resource location dynamically indicated within and outside the COT
An example is shown in Figure 16:
· Assume UE1 initiates a COT and send out COT information in slot n. Assume UE 1 indicates PSFCH resources are in slot index n+4, n+8 and m.
· Then, other details remain the same as legacy NR SL design, i.e., UE transmits the PSFCH in a first slot that includes PSFCH resources and is at least a number of slots, provided by sl-MinTimeGapPSFCH, of the resource pool after a last slot of the PSSCH reception. UE will find the corresponding PRB for PSFCH as per legacy NR SL design.
· For example, UE 2, 3, 4 will transmit PSFCH in slot n+4, and UE 5 will transmit PSFCH in slot n+8, and UE 6 will transmit PSFCH in slot m.
[image: ]
[bookmark: _Ref117778838][bookmark: _Ref126429541]Figure 16 HARQ-ACK feedback mechanism in Alt 2
[bookmark: _Hlk118375934]In the above Alt2 design, when the slot index of PSFCH resource is dynamically indicated and locates within the shared COT, the possibility of LBT failure is largely reduced via type 2 LBT. Meanwhile, it’s possible that PSSCH and its related PSFCH are in different COT. For example, as shown in Figure 17, due to processing time, for the last few PSSCH transmissions within the COT, their corresponding HARQ ACK feedback will be located outside the current COT. In such case, those HARQ-ACKs have to be reported in a follow-up COT. There can be two potential ways:
1) The TX UE can perform LBT to access channel and initiates a COT, and share it to those RX UE that have not yet provided HARQ-ACK information to their received PSSCH is previous COT. Or,
2) The RX UE can perform LBT to access channel and initiates a COT, and transmit PSFCH corresponding to those PSSCH. 
Note that for either Alt 1 or Alt 2, there will always be the case that PSSCH and its related PSFCH cannot be transmitted within the same COT, and thus a RX UE may initiate a COT or use a shared COT to feedback.
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[bookmark: _Ref126761846]Figure 17  PSSCH and its associated PSFCH cross the COT

[bookmark: _Ref118381558]Observation 18: When the slot index of PSFCH resource is dynamically indicated and locates within the shared COT, the possibility of LBT failure is largely reduced via type 2 LBT
[bookmark: _Ref117790223]Proposal 19: Support Alt 2 below, where the slot index(s) of PSFCH occasion(s) are dynamically indicated by COT initiating UE. 
· Alt 2: PSFCH occasions are dynamically indicated.
Mapping between PSSCH and PSFCH  
In legacy PSSCH-PSFCH mapping relationship, the corresponding PSFCH resource for a PSSCH transmission is determined by a set of PRBs indicated by a bitmap in a resource pool. If reusing legacy PSSCH-PSFCH mapping relationship, when a resource pool includes multiple RB sets, it’s possible that the PSCCH/PSSCH and its corresponding PSFCH locate in different RB set. For example, as shown in Figure 18, for transmission between UE 1 and UE 3, assume the PSSCH resource and corresponding PSFCH resource are located in the same RB set, while for transmission between UE 1 and UE 4, and assume the PSSCH resource and corresponding PSFCH resource are not located in the same RB set. When RB set 1 is occupied by other UE (e.g., inter-RAT UE), UE 4 probably cannot access the channel and result in PSFCH transmission failure. Since the PSFCH resource for PSSCH 1 are within the same COT, UE 3 can be shared to access the channel and perform HARQ feedback successfully. 
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[bookmark: _Ref126432095]Figure 18 PSSCH and its associate PSFCH are not within the same RB set, or within the same RB set

[bookmark: _Ref127543658]Proposal 20: Support that PSSCH transmission and its related PSFCH occasion are in the same RB set(s). 
OCB requirements
At RAN1#111, following agreements on PSFCH transmission to meet OCB requirements were made [5].
	Agreement
Regarding PSFCH transmission under 15 kHz and 30 kHz SCS, RAN1 continues studying the following updated alternatives:
· Alt 1-1a: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· FFS: value of K3
· Alt 2-1a: each PSFCH transmission occupies 1 interlace, and further apply frequency-domain OCC
· FFS: details of FD-OCC, e.g., OCC length, RB-level, RE-level, etc.
· 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 interlace
· Alt 2-4a: each PSFCH transmission occupies 1 interlace, and further apply PRB-level cyclic shift
· A UE uses different cyclic shifts on different PRBs in the interlace
· Alt 3-1a: each PSFCH transmission occupies 1 dedicated PRB and K2 common PRBs, where K2 common PRBs locate at the two edges of a RB set
· The above dedicated PRB and common PRBs are within 1 interlace
· FFS: value of K2
· Alt 3-2a: each PSFCH transmission occupies 1 dedicated PRB and 2 common PRBs, where 2 common PRBs locate at the two edges of a RB set
· 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
· FFS: whether IBE issue exists and whether/how to address it 
· Note: in the above descriptions
· The dedicated PRB/cyclic shift conveys ACK/NACK information
· Note: as previously agreed: 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.
 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




In NR SL, PSFCH format 0 only occupies one PRB, it cannot meet OCB requirement. To satisfy OCB requirement, RB-based interlace is supported for 15 kHz and 30 kHz SCS. One straight way is each PSFCH transmission occupies 1 interlace, i.e., Alt 2-3a listed above. However, since there are only 10/5 interlaces per carrier for 15/30 kHz SCS, if different UEs use different interlaces, the PSFCH resource capacity would be very limited. 
Take PSFCH periodicity=4 slots as an example, in 15 kHz, when 1 sub-channel equals 1 interlace, there are only 10 candidate PSFCH resource (10 sub-channels/ interlaces), and 4 slots * 10 sub-channels/interlaces = 40 candidate PSSCH transmission. Even if all these 40 PSSCH transmission are used for unicast, the PSFCH capacity is still very limited, and the situation gets worse when some of the transmission are used for groupcast option 2. 
Analysis of each alternative
To address such issue, many alternatives were proposed and listed in the agreement above. Each alternative is analyzed as following:
· Alt 1-1a: The details of Alt 1-1a are shown in Figure 19, each UE transmits HARQ-ACK information on one PRB as in R16 NR-V, and additionally transmits on the common PSFCH interlace to meet OCB requirement. In such design, all the UEs will transmit on the same common PSFCH interlace (i.e. same PSFCH resource) so that the resource overhead is minimized, and their HARQ-ACK information are transmitted at different PRBs as in R16 NR-V, respectively. From the discussion below, the PSFCH capacity of this alternative is close to existing R16/R17 design and it achieves highest capacity among all the alternatives.
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[bookmark: _Ref111225118]Figure 19 Illustration of common interlace for PSFCH transmission

· Alt 2-1a: In this alternative, each PSFCH transmission occupies 1 interlace, and further apply frequency-domain OCC. When frequency domain OCC is considered, the higher OCC density, the higher detection ability required. When both cyclic shift and OCC are imposed to increase PSFCH capacity, the performance of PSFCH detection will decrease largely especially in frequency-selective channel. There are only OCC-2/4 used in PUCCH format under the consideration of detection performance. Similarly, we think such constraint applies in SL-U.  However, such alternative still suffers from largely reduced PSFCH capacity, more details are shown in Table 1 below.
· Alt 2-2a: In this alternative, each PSFCH transmission occupies 1 interlace, where dedicated cyclic shift is transmitted on K1 dedicated PRB(s) within this interlace, and common cyclic shift is transmitted on other PRBs of this interlace. Although the PSFCH capacity is close to Alt 1-1a, the detection performance is highly reduced compared to Alt 1-1a due to interference from other UEs. More details on detection performance between Alt 1-1a and Alt 2-2a are shown in Figure 20 below.
· Alt 2-3a: Due to each PSFCH transmission occupying 1 interlace without any enhancements, the PSFCH capacity is lowest among all the alternatives compared in Table 1 and can hardly support groupcast option 2.
· Alt 2-4a: In this alternative, each PSFCH occupies 1 interlace and a UE uses different cyclic shifts on different PRBs in the interlace. It’s unclear how this alternative works without conflict. For example, when multiple PSFCH resources corresponding to multiple PSSCH transmissions locate in the same interlace, there will be multiple UEs using different cyclic shift on the same PRB, it’s hard to distinguish which cyclic shift is the target one.
· Alt 3-1a: In this alternative, each PSFCH transmission occupies 1 dedicated PRB and K2 common PRBs, and dedicated PRB and common PRBs are within 1 interlace. The necessity and benefit of this alternative over Alt 3-2 is unclear if Alt 3-2 is practical.
· Alt 3-2a: In this alternative, each PSFCH transmission only occupies one dedicated PRB and two edge PRBs. There is large gap between two adjacent PRBs and it’s unclear whether it meets OCB requirements.
[bookmark: _Ref115427484]
Next, we give detailed analysis of PSFCH capacity of each alternative as below.
PSFCH capacity comparison 
Table 1 below compares the capacity for PSFCH transmission among R16/R17 PSFCH design, Alt 1-1a, Alt 2-1a, Alt 2-2a and Alt 2-3a under 15 kHz SCS configuration. Assuming there are 100 PRBs used for PSFCH transmission and 10 sub-channels in one RB set (1 sub-channel = 1 interlace), and PSFCH periodicity is 4 slots. 
For Alt 1-1a, we assume one PSFCH occupies one dedicated PRB and one common interlace.
For Alt 2-1a, we assume OCC-4 in frequency domain is used for interlaced PSFCH transmission to increase capacity. Considering applying OCC on top of cyclic shift may decrease detection performance, we assume 2 pairs of cyclic shifts is used in Alt2-OCC. 
For Alt 2-2a with PRB-level cyclic shifts (CSs), one UE-specific CS is used at the dedicate PRB for HARQ-ACK feedback and one reserved CS is used at the other RBs of the same interlace to meet OCB requirements. However, with such design, there may be multiple UEs transmit different UE-specific CS in the same interlace and more than one CS is used at each PRB of an interlace, resulting in inter-UE interference and degradation performance of HARQ-ACK detection.
From Table 1 below, it can be seen that the capacity of PSFCH transmission of Alt 1-1a (540) is slightly lower than that of R16/ R17 PSFCH design (600) and much higher than Alt 2-1a and Alt 2-3a (80 and 60 respectively). It can also be noted that not only the capacity of Alt 1-1a (540) is higher than that of Alt 2-2a but also Alt 1-1a avoids inter-UE interference. In addition, for Alt 2-1a and Alt 2-3a, it’s infeasible to support groupcast option 2 (see MAC spec below) since there are less than 3 PSFCH resource per PSSCH candidate, which means the group size should be smaller than 3 and thus too unrealistic. 
In summary, Alt 1-1a is supported since it can both meet OCB requirements, ensure large capacity for PSFCH transmission, and avoid inter-UE interference.
	(Below is copied from TS 38.321)
5>	if HARQ feedback is enabled for groupcast:
6>	if both a group size and a member ID are provided by upper layers and the group size is not greater than the number of candidate PSFCH resources associated with this sidelink grant:
7>	select either positive-negative acknowledgement or negative-only acknowledgement.


[bookmark: _Ref114330637]Table 1 Capacity comparison between different schemes under 15 kHz SCS configuration
	
	PSFCH R16/R17
(one dedicated PRB)
	Alt 1-1a 
(one common interlace +one dedicated PRB)
	Alt2-1a 
 (one interlace +frequency domain OCC-4)
	Alt 2-2a
(one common CS + one dedicated CS per interlace)
	Alt 2-3a 
 (one dedicated interlace)

	Candidate number of PSFCH transmissions in frequency domain
	100
	90
	10
	100
	10

	Total number of PSFCH resources in cyclic shift domain
	6
	6
	2
	5
	6

	Total number of PSFCH resources in frequency domain OCC
	0
	0
	4
	0
	0

	Total number of PSFCH resources in one PSFCH period
	100*6 =600
	90*6 =540
	10*2*4 =80
	100*5 =500
	10*6 =60

	Number of PSFCH resources per PSSCH candidate
Note: there are 4*10=40 PSSCH candidates in one PSFCH period
	600/40=15
	540/40=13.5
	80/40 = 2
	500/40 = 12.5
	60/40=1.5


[bookmark: _Ref114341127]Observation 19: If different UEs use different interlaces, the PSFCH resource capacity would be significantly reduced compared to Rel-16, i.e. only 1/10 capacity. 
[bookmark: _Ref114341128]Observation 20: The capacity for PSFCH transmission of Alt 1-1a, i.e., one common interlace and one dedicate PRB, is much higher than Alt 2-1a and Alt 2-3a.
Detection performance 
Based on above analysis, Alt 1-1a and Alt 2-2a achieve highest PSFCH capacity among the alternatives.
In the following, we perform simple sequence correlation to illustrate the detection performance of Alt 1-1a and Alt 2-2a.
In our evaluation, assume there are 6 cyclic shift pairs (pre-)configured in the resource pool. Assume the power of one PSFCH transmission is equally distributed on each PRB where the transmission occupies. In both Alt 1-1a and Alt 2-2a, assume cyclic shift index 6 is the target cyclic shift index that indicating actual HARQ-ACK information. In Alt 2-2a, assume cyclic shift index 2 is reserved as common cyclic shift index.
We evaluate the following cases:
· Alt 1-1a: Each PSFCH transmission occupies one dedicated PRB, i.e., K3=1 and one common interlace which includes 10 PRBs. Target cyclic shift (index 6) is transmitted on this dedicated PRB. Assume 10 UEs transmit on this common interlace and use different dedicated PRBs.
· Alt 2-2a: Each PSFCH transmission occupies one interlace, which includes 10 PRBs. Target cyclic shift (index 6) is transmitted on one dedicated PRB and common cyclic shift (index 2) is transmitted on other PRBs within this interlace. Assume 10 UEs transmit on this interlace and use different dedicated PRBs.
As shown in Figure 20, in Alt 1-1a, a UE can easily detect the target cyclic shift on dedicate PRB with high autocorrelation. However, for Alt 2-2a, due to all ten RX UEs transmitting on the same interlace, each target cyclic shift sequence is interfered with other nine common cyclic shift sequences and the energy of target cyclic shift is greatly diminished, which causes the autocorrelation of the target cyclic shift sequence is highly reduced and brings possible detection failure. Take NACK-only groupcast for example, a UE can hardly distinguish the energy on cyclic shift index 6 is imposed by PSFCH signal or noise when the autocorrelation on cyclic shift index 10 is close to that of cyclic shift index 6.  Furthermore, such problem get severer when more UEs transmit on the same interlace such as groupcast case, as well as near-far effects.
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[bookmark: _Ref126568714]Figure 20 Alt 1-1a vs Alt 2-2a 

[bookmark: _Ref117789900]Observation 21: For Alt 2-2a, there are multiple UEs transmitting different UE-specific CS in the same interlace and more than one CS is used at each PRB of an interlace, resulting in inter-UE interference and degradation performance of HARQ-ACK detection.
[bookmark: _Ref127543660]Proposal 21: Regarding PSFCH transmission under 15 kHz and 30 kHz SCS, Alt 1-1a is supported, i.e., each PSFCH transmission occupies a common interlace and one dedicated PRB.
Since there is no interlace structure in NR-U for 60 kHz SCS, additional scheme needs to be introduced to realize similar functionality as common interlace. One simple way is to define a bitmap for common PSFCH resource as Alt 1, e.g., “1”s in bitmap means such PRBs are used for common PSFCH transmission. As for Alt 2, where a PSFCH transmission occupies some dedicate PRBs, it’s unclear how to meet OCB requirements under existing mapping relationship between PSSCH and PSFCH.
[bookmark: _Ref114341448]Proposal 22: Regarding PSFCH transmission under 60 kHz SCS, Alt 1 is supported, i.e., each PSFCH transmission occupies a common set of PRBs, which is given by (pre-)configured bitmap, and one dedicated PRB.
Another FFS on PSFCH is whether/how to handle the case when common PRB and dedicated PRB locate within the same 1 MHz bandwidth subject to PSD limit. As shown in Figure 21 b), similar case also exists for other alternatives when a UE’s PSFCH transmissions located in two interlaces within the same 1MHz. In addition, considering UE may transmit multiple PSFCH simultaneously, the power can be shared among dedicate PRBs and common interlace under PSD limit, such power decrease can be ignored in this case.
[bookmark: _Ref127542288]Observation 22: A UE’s PSFCH transmissions located in multiple interlace may also be within the same 1MHz.
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[bookmark: _Ref127212317]Figure 21 multiple PRBs located within the same 1MHz
SL HARQ-ACK report on UL
On SL HARQ-ACK reporting to the gNB for Mode 1, PSFCH transmission may fail due to LBT failure. One simple way to address this issue is reusing scheme in R16 NR-V, where gNB does not receive feedback from the UE simply assumes the transmission between SL UEs fails.
	(Below is copied from TS 38.213)
…
The UE generates a NACK when, due to prioritization, as described in clause 16.2.4, the UE does not receive PSFCH in any PSFCH reception occasion associated with a PSSCH transmission in a resource provided by a DCI format 3_0 or, for a configured grant, in a resource provided in a single period and for which the UE is provided a PUCCH resource to report HARQ-ACK information. The priority value of the NACK is same as the priority value of the PSSCH transmission.


[bookmark: _Ref111215481]Proposal 23: For the case that LBT fails for PSFCH transmission, reuse R16 SL design on SL HARQ-ACK reporting to the gNB when no SL HARQ-ACK is received.  
S-SSB
Additional candidate S-SSB occasions 
Number and locations of additional S-SSB resource
At RAN1#110b-e and RAN1-111, following agreement on number and location(s) of additional S-SSB resource is made [4][5].We provide our analysis on each option respectively.
	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
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


As shown in Figure 22, in R16/R17 SL, there are three candidate resource sets out of resource pool for S-SSB transmission every 160ms and each resource set can be further configured to have multiple S-SSB slots, depending on SCS. When multiple S-SSB slots are configured, the interval between two adjacent S-SSB slots is determined by . 
 [image: ] 
[bookmark: _Ref115116338]Figure 22 R16/R17 legacy S-SSB resources
If additional S-SSB slots are excluded from resource pool, the system overhead is doubled for all these three candidate resource set if the number of additional S-SSB slots are same as legacy ones. In addition, when the synchronization accuracy is met via legacy ones, the resource reserved for additional S-SSB slots will be wasteful and also reduce the available resource for PSCCH/PSSCH transmission, resulting in system performance loss. Therefore, it’s beneficial to place these additional S-SSB slots into resource pool.
Due to the resource on unlicensed band can only be occupied by one UE and the additional S-SSB slots are (pre-)configured or pre-defined, the COT initiating UE can determine whether to transmit S-SSB or data by itself depending on situations. Thus, the collision between S-SSB and PSCCH/PSSCH is avoided.
[bookmark: _Ref127543689]Proposal 24: Additional S-SSB occasions belong to resource pool.
For option 1, simply increasing the available values in sl-NumSSB-WithinPeriod for each SCSs will further increase system overhead for S-SSB transmission due to much resource are excluded from resource pool, and thus decrease total available resource for PSCCH/PSSCH transmission. In addition, the COT will be frequently interrupted from time to time by these S-SSB resources. Therefore, option 1 is not supported.
[bookmark: _Ref127542290]Observation 23: Simply increase the available values in sl-NumSSB-WithinPeriod for each SCSs, i.e., option 1, will further increase system overhead and results in frequent COT loss.
For option 2, each R16/R17 NR SL S-SSB slot has one corresponding additional candidate S-SSB occasion, a UE missed the legacy S-SSB slots can attempt to transmit on corresponding additional candidate S-SSB occasion. An offset  to each Rel-16 S-SSB slot can be introduced by a new RRC signaling, which can be coordinated with existing R16/R17 S-SSB slots by jointly considering the value of  and . Since each additional candidate S-SSB occasion is defined for each legacy S-SSB occasion, therefore, the interval between them should be less than the interval between two legacy ones within a S-SSB period. As shown in Figure 23, when the resource pool is configured with 2 S-SSB occasions per 160ms, there will be two additional S-SSB occasions accordingly with a (pre-)configured offset. 
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[bookmark: _Ref127387032]Figure 23 Additional candidate S-SSB occasion
For option 3 (where the number and location(s) of additional candidate S-SSB occasions are separately (pre-)configured) and option 5 (where the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number), it’s unclear whether they can outperform option 2 since all these three options aim to distribute S-SSB slots over time domain while option 3 and option 5 needs more specification workload and cause configuration more complicated, such as whether the set of legacy S-SSB occasions and the set of additional S-SSB occasions are staggered or sequential and the location of these occasions may have impact on UE behaviors.  
Option 4 aims to introduce M contiguous candidate S-SSB occasions in one S-SSB period, which is not suitable on unlicensed band since once the channel is occupied by inter-RAT device, the COT may be multiple slots, resulting in channel access failure on those M contiguous candidate S-SSB occasions.
[bookmark: _Ref127542291]Observation 24: Option 3/5 needs more specification workload and cause configuration complicated, which may lead to unclear UE behavior.
[bookmark: _Ref127542292]Observation 25: Introduce M contiguous candidate S-SSB occasions in one S-SSB period, i.e., option 4 is not suitable on unlicensed band since once the channel is occupied by inter-RAT device, the COT may be multiple slots.
[bookmark: _Ref127543690]Proposal 25: Regarding the number and location(s) of additional candidate S-SSB occasions, option 2 is supported, i.e., each R16/R17 NR SL S-SSB slot has one corresponding additional candidate S-SSB occasion, and the gap between them is (pre-)configured.
· The gap between them is less than the gap between two legacy S-SSB occasion within a S-SSB period

UE behaviors on S-SSB occasions
At RAN1#111, following four alternatives on UE behaviors on S-SSB occasions were made [5]. We support Alt 1 with following analysis.
	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 Alt 1, when both Rel-16 and additional S-SSB occasion are enabled for every 160ms, only if a UE fails to access channel before a Rel-16 S-SSB occasion, it tries to perform LBT before the corresponding additional S-SSB occasion(s), and transmit S-SSB if LBT success. If a UE succeeds its S-SSB transmission at a Rel-16 S-SSB occasion, the additional slots reserved for corresponding S-SSB transmission can be used for PSCCH/PSSCH transmission to improve resource utilization.
In Alt 2 and Alt 3, a UE attempts (or can attempt) to transmit some or all of additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s). On one hand, it’s not necessary to transmit on additional S-SSB slots if it already transmitted on R16/R17 occasions since synchronization accuracy can be ensured as legacy R16/R17 synchronization procedures, these resource reserved for additional S-SSB slots can be used for PSCCH/ PSSCH transmission instead. On the other hand, once the TX behavior on additional S-SSB slots is uncertain and unforeseeable, behavior from its corresponding RX UE will be complicated and may need to introduce additional signaling exchange between S-SSB TX UE and RX UE.
In NR SL, a resource pool can be (pre-)configured with multiple S-SSB slots, and thus a UE can get synchronization over time.  However, in Alt 4, the expected synchronization accuracy may not meet. For example, assume there are two legacy S-SSB occasions every 160ms, a Tx UE can not attempt to transmit on subsequent additional S-SSB occasions when a UE transmits S-SSB on the previous one but misses the second one, resulting in system performance degradation.
[bookmark: _Ref127542293]Observation 26: Regarding UE behaviors on S-SSB occasions:
· When UE already transmitted on R16/R17 S-SSB occasion(s), Alt 1 allows additional S-SSB slots to be used for PSCCH/PSSCH transmission to improve resource utilization, and Alt 2/3 lacks such benefit
· Alt 4 may not satisfy expected synchronization accuracy since it’s possible only 1 S-SSB is transmitted in a period
[bookmark: _Ref118705944]Proposal 26: Regarding UE behaviors on S-SSB occasions, support Alt 1 with following details:
· UE attempts to transmit on corresponding additional S-SSB occasion only when it fails transmit on R16/R17 S-SSB occasion(s)
· The additional S-SSB occasion is not used for S-SSB transmission and can be used for PSCCH/PSSCH transmission if a UE already transmitted S-SSB at R16/R17 S-SSB occasions.
OCB requirements
At RAN1#111, following agreement on S-SSB and synchronization was made [5], we support option 1-2 with following analysis.
	Agreement
For S-SSB transmission, down-select 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
· Option 1-2: Using interlaced RB transmission for PSBCH only, and apply OCB exemption to S-PSS and S-SSS
· Option 3-1: Repeat S-PSS/S-SSS/PSBCH N times in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of N (e.g., N=2)
· FFS gap of 0
· Option 3-2: Repeat only S-PSS/S-SSS K times in frequency domain, and PSBCH is rate matched. There is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of K
· FFS gap of 0
· FFS PSBCH resource
· Option 3-3: keep the legacy S-PSS/S-SSS/PSBCH while repeating PSBCH N times in frequency domain and rate-matching PSBCH to S-PSS/S-SSS symbols, and there is a gap between the PSBCH repetition(s) to meet OCB requirements
· FFS details, e.g. the length of gap is (pre-)configured or pre-defined, value of N
· Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH
· For Option 1-1 and 1-2 above
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set
· FFS: whether transient period issue exists and whether/how to address it



The difference between option 1-1 and option 1-2 is whether to apply OCB exemption on S-PSS/S-SSS. We prefer option 1-2 because when using interlaced RB transmission for S-PSS/S-SSS, the total transmit power remains unchanged but the noise increases due to increased bandwidth, thus decreasing SNR and further decreasing synchronization performance. As shown in Figure 24, the temporary exemption of OCB requirement [6] is applied to S-PSS/S-SSS and interlace RB is used for PBSCH to meet OCB requirements. 
[bookmark: _Ref127542295]Observation 27: If using interlaced RB transmission for S-PSS/S-SSS, the total transmit power remains unchanged but the noise increases due to increased bandwidth, thus decreasing SNR and further decreasing synchronization performance.
In NR SL, for reception of S-SS/PSBCH block, a UE get synchronization based on an absolute frequency location. For option 3-1 and 3-2, since the synchronization sequence is repeated N times in frequency domain, only limited power is allocated to each repetition, resulting in SNR decrease. In addition, there will be high PAPR/CM of the signal due to the superposition of the time domain signals. Meanwhile, unlike ZC sequences with zero autocorrelation, gold-sequence S-PSS/S-SSS cannot control PAPR/CM by cyclic shifts among repetitions. Similarly, for option 3-3, there is potential synchronization performance degradation due to limited power allocated on more resources compared to option 1-2.
[bookmark: _Ref127542296]Observation 28: Repetition of S-PSS/S-SSS in frequency domain results in high PAPR/CM of the signal due to the superposition of the time domain signals.
[bookmark: _Ref127542297]Observation 29: Repetition of PSBCH in frequency domain results in low SNR due to limited power allocated on more resources.
For option A, where Apply OCB exemption to all of S-PSS/S-SSS/PSBCH, it’s reasonable to select such design if OCB exemption is allowed for whole S-SSB in some regions.
For the case of 15 kHz SCS, the frequency domain of S-PSS/S-SSS is less than 2MHz, in order to meet temporary exemption, repeat top 7 REs of S-PSS/S-SSS sequence can be a straightforward way to meet requirements. 
[bookmark: _Ref127543740]Proposal 27: To meet OCB and PSD requirement for S-SSB transmission for 15 kHz and 30 kHz SCS, option 1-2 is supported, i.e., using interlaced RB transmission for PSBCH only, and apply OCB exemption to S-PSS and S-SSS
· For the case of 15 kHz SCS, repeat top 7 REs of S-PSS/S-SSS to meet minimum of 2 MHz requirement. 
For the case of 60 kHz SCS, there is no interlace structure in NR-U. Since 80% of a LBT channel is equivalent to 22.2 RBs (80%*20MHz), one simple way is to span PSBCH to 23 contiguous RBs to meet OCB requirements and apply the temporary exemption of OCB requirement to S-PSS/S-SSS. Repetition of PSBCH is not preferred since the RBs occupied by one more repetition (2 *11RBs =22 RBs) still cannot meet OCB requirement (22.2 RBs), while the RBs occupied by two more repetition (3*11 RBs = 33 RBs) is larger than the RBs of a LBT channel.
	(Below is copied from ETSI EN 301 893)
…
During a Channel Occupancy Time (COT), equipment may operate temporarily with an Occupied Channel Bandwidth of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz. 


[image: ]
[bookmark: _Ref111225264]Figure 24 Interlace structure for S-SSB 
[bookmark: _Ref111215484][bookmark: _Ref127543742]Proposal 28:  To meet OCB and PSD requirement for S-SSB transmission for 60 kHz SCS, keep the legacy S-PSS/S-SSS while span PSBCH to 23 contiguous RBs to meet OCB requirements.
As per NR-U configuration, it’s possible that each interlace only has 10 PRBs. Then, it’s possible that a resource pool only includes 10 RBs per interlace per RB set. Since one S-SSB transmission occupies 11 PRBs. One possible way is to use 2 interlaces for S-SSB transmission. However, using 2 interlaces may result in synchronization performance degradation due to lower PSD. A simple way is PSBCH occupies 1 interlace and an additional PRB belonging to the adjacent interlace. For example, as shown in Figure 25, the PSBCH occupies 11 PRBs, where 10 PRBs belong to interlace 0 and one PRB belongs to interlace 1.
[image: ]
[bookmark: _Ref127267818]Figure 25 Interlace structure for S-SSB when each interlace has only 10 PRBs in a RB set
[bookmark: _Ref127543744]Proposal 29: When each interlace has only 10 PRBs in a RB set, the PSBCH occupies 10 PRBs in one interlace and one additional PRB in the adjacent interlace.
Other details
At RAN1#111, following agreement on S-SSB transmission within multiple RB sets was made [5].
	Agreement
Regarding S-SSB, RAN1 further study the following: 
· How to transmit S-SSB when a SL BWP contains multiple RB sets


When a COT includes S-SSB slots and contains multiple RB sets, how S-SSB is transmitted needs further study. As shown in the following Figure 26, assume UE 1 initiates a COT includes several S-SSB slots and includes four RB sets, and the S-SSB ARFCN is allocated in the RB set 2. In the legacy S-SSB frequency mapping, only one S-SSB is transmitted in the RB set 2 in the resource pool, which causes that other RB sets may be occupied by inter-RAT device since there is one slot gap in the S-SSB slot. To avoid the above issue, some S-SSB duplications can be transmitted in other RB sets and how to determine the detailed frequency location of S-SSB in each RB set can be further studied.
[image: ]
[bookmark: _Ref126073286]Figure 26 legacy S-SSB frequency mapping result in COT interruption
[bookmark: _Ref127543745]Proposal 30: When a UE’s COT contains multiple RB sets, UE transmits S-SSB in each RB set, FFS details.
Conclusions
This contribution includes our considerations on physical channel designs for SL-U, including supporting both contiguous RB and interlaced RB, adopting necessary changes on slot structure to overcome issues due to channel access. In addition, some considerations on physical channels, such as PSCCH, PSSCH, PSFCH (including PSFCH resources and mapping to associate PSSCH), S-SSB for sidelink operation over unlicensed spectrum are also discussed. 
We provide following observations and proposals:
Observation 1: If a resource pool includes sub-set of contiguous or interlaced PRBs of one RB set, it may result in wasting resource.
Observation 2: The way that several UEs simultaneously access a LBT channel via their own FDMed resource pool is similar to that several UEs simultaneously access the same resource pool with one LBT channel bandwidth.
Observation 3: A resource pool that only includes sub-set of contiguous of PRBs of one RB set may violate OCB requirements.
Observation 4: Since intra-cell guard band is used to satisfy inter-channel interference requirement, guard band cannot be used for transmission if its adjacent RB sets are not used for transmission.
Observation 5: If PRBs within intra-cell guard band are used for PSFCH transmission, legacy PSSCH-PSFCH mapping rule as defined in R16 might not be reused due to uncertainty of channel access, i.e. guard band can or cannot not be used depending on whether adjacent RBS sets can be used. This will result in uncertainty of the available PSFCH resources in frequency domain.
Observation 6: If the bitmap of a resource pool is not set to all “1”s, it will result in slot-level gaps between consecutive transmissions and difficult for the UE to maintain a COT. 
Observation 7: Setting the 2nd starting symbol at symbol#4 has large UPT gain than setting it at symbol#7, especially for traffic with low CAPC value and low latency requirements such as XR. 
Observation 8: There is 4-symbol length difference for one TB between two transmissions when a UE starts its (re)transmission at symbol #4 and symbol#0 respectively, which is similar to existing case in R16/R17 where there is 3-symbol length difference for one TB between two transmissions when a UE start its (re)transmission on a slot with or without PSFCH.
Observation 9: There is 7-symbol length difference for one TB between two transmissions when a UE starts its (re)transmission at symbol #0 and symbol#7 respectively, resulting in extreme low or high MCS for one these two transmissions, as well as inaccuracy on TBS determination.
Observation 10: When a RX UE receives COT sharing information and knows the COT structure, the RX UE does not need to search for multiple starting symbols in slots within the COT. 
Observation 11: When one TB spans multiple RB sets, for Option 2 and 3, RAN1 needs additional design on how to use rest PRBs and gurardband PRBs since they do not belong to any sub-channel. Option 1 is much simpler and no additional design is needed.
Observation 12: If the used interlace index(s) in different RB sets are different, the spacing between occupied RBs of one PSSCH transmission becomes unequal, resulting in PSD issue, high PAPR issue, and may cause RAN4 specification impact (at least an LS to RAN4 is needed for further investigation).
Observation 13: Regarding mapping between sub-channel and interlace:
· Option 1/3 are similar with NR-U design, and Option 3 is more aligned with Rel-16 NR SL definition where sub-channels are defined per RP.
· Option 2/5 together with legacy NR SL FRIV indication will cause high PAPR issue due to irregular waveform.
· Option 4 seems to assume one sub-channel equals two interlaces under 30KHz SCS, which is not agreed yet and is very complicated.
Observation 14: Two-level resource indication, i.e. X+Y, is introduced in NR-U, where X bits indicate a set of allocated interlace indices and Y bits indicate a set of contiguously allocated RB set(s).
Observation 15: Due to the existence of intra-cell guard band PRB, for both IRB and contiguous RB, the available PRBs in different sub-channels may be different, resulting in different number of PRBs for initial and retransmission of same TB.
Observation 16: For Alt 1 supporting multiple PSFCH occasions per PSCCH/PSSCH transmission based on (pre-)configuration, it may not be suitable for operations over unlicensed spectrum, because:
· Given limited PSFCH resources, the more candidate PSFCH resource per PSCCH/PSSCH transmission introduced, the less multi-user multiplexing supported, and this is particularly worse for groupcast option 2-based HARQ feedback.  
· Even if multiple PSFCH occasions is introduced for each PSCCH/PSSCH transmission, it’s still cannot efficiently resolve LBT failure since those occasions may be occupied by inter-RAT UEs
· It’s possible that no UE transmits HARQ-ACK on the (pre-)configured PSFCH resource within a COT, such that the current COT may be lost.
· Unneeded or dense PSFCH resources for some PSCCH/PSSCH transmission results in the reduction of the available resources for PSCCH/PSSCH transmission within the COT.
Observation 17: Simply drop HARQ-ACK feedback for missed PSFCH occasions per PSSCH and do the retransmission will result in system performance degradation due to high probability of LBT failure of SL-U devices
Observation 18: When the slot index of PSFCH resource is dynamically indicated and locates within the shared COT, the possibility of LBT failure is largely reduced via type 2 LBT
Observation 19: If different UEs use different interlaces, the PSFCH resource capacity would be significantly reduced compared to Rel-16, i.e. only 1/10 capacity. 
Observation 20: The capacity for PSFCH transmission of Alt 1-1a, i.e., one common interlace and one dedicate PRB, is much higher than Alt 2-1a and Alt 2-3a.
Observation 21: For Alt 2-2a, there are multiple UEs transmitting different UE-specific CS in the same interlace and more than one CS is used at each PRB of an interlace, resulting in inter-UE interference and degradation performance of HARQ-ACK detection.
Observation 22: A UE’s PSFCH transmissions located in multiple interlace may also be within the same 1MHz.
Observation 23: Simply increase the available values in sl-NumSSB-WithinPeriod for each SCSs, i.e., option 1, will further increase system overhead and results in frequent COT loss.
Observation 24: Option 3/5 needs more specification workload and cause configuration complicated, which may lead to unclear UE behavior.
Observation 25: Introduce M contiguous candidate S-SSB occasions in one S-SSB period, i.e., option 4 is not suitable on unlicensed band since once the channel is occupied by inter-RAT device, the COT may be multiple slots.
Observation 26: Regarding UE behaviors on S-SSB occasions:
· When UE already transmitted on R16/R17 S-SSB occasion(s), Alt 1 allows additional S-SSB slots to be used for PSCCH/PSSCH transmission to improve resource utilization, and Alt 2/3 lacks such benefit
· Alt 4 may not satisfy expected synchronization accuracy since it’s possible only 1 S-SSB is transmitted in a period
Observation 27: If using interlaced RB transmission for S-PSS/S-SSS, the total transmit power remains unchanged but the noise increases due to increased bandwidth, thus decreasing SNR and further decreasing synchronization performance.
Observation 28: Repetition of S-PSS/S-SSS in frequency domain results in high PAPR/CM of the signal due to the superposition of the time domain signals.
Observation 29: Repetition of PSBCH in frequency domain results in low SNR due to limited power allocated on more resources.
Proposal 1: Do not support one SL resource pool includes sub-set of PRBs of one RB set.
Proposal 2: For interlaced RB based transmission, the interlace index associated with a PRB, no matter this PRB belongs to intra-cell guard band or not, is determined in the same way as in NR-U.
Proposal 3: PRBs within intra-cell guard band of two adjacent RB sets are not used for PSFCH/S-SSB transmission.
Proposal 4: In SL-U, do not consider Uu TDD configuration when determining slots belonging to a SL resource pool.
Proposal 5: Set the value of bitmap to all “1”s to avoid slot-level transmission gaps in a resource pool.
Proposal 6: On two starting symbols within a slot for a PSCCH/PSSCH transmission:
· The 1st starting symbol is fixed to symbol 0, and the corresponding length for PSCCH/PSSCH transmissions in a slot is 14 symbols for NCP and 12 symbols for ECP.
· The 2nd starting symbol is fixed to symbol 4, and the corresponding length for PSCCH/PSSCH transmissions in a slot is 10 symbols for NCP and 8 symbols for ECP.
Proposal 7: For SL-U with two starting symbols within a slot, support option 1, i.e., the reference symbol length is dynamically indicated by Tx UE, which is similar to PSFCH overhead indication as defined in Rel-16.
Proposal 8: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behavior: If PSCCH/PSSCH transmission starts from 1st starting symbol, the PSCCH/PSSCH transmission has 2 symbols for AGC purpose, i.e., option 1.
· Regarding Rx UE behavior: The Rx UE always monitors two AGC symbols in such slot, i.e., option A.
Proposal 9: Within a COT, PSCCH/PSSCH transmission on slots except 1st slot shall start from 1st starting symbol.
Proposal 10:  Two candidate starting symbols within a slot is applied for all the SCS configuration.
Proposal 11: Regarding mapping between sub-channel and PRBs, support option 1 below:
· 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.
· RAN1 further study the usage of sub-channel(s) which include intra-cell guard band PRBs, considering aspects like: the number of PRBs of such sub-channel(s) after excluding intra-cell guardband PRBs, etc.
· RAN1 does not need to handle the case when the number of PRBs of the resource pool cannot be divided by sub-channel size, i.e., same as legacy NR SL design
Proposal 12: For contiguous RB-based PSCCH/PSSCH transmission, both R16 NR SL TRIV and FRIV are reused for resource indication.
Proposal 13: Regarding frequency domain resource indication for interlace RB-based PSSCH transmission:
· When more than one RB set is used for transmissions, support Option A where  the used interlace index(s) in different RB sets are always the same
Proposal 14: Regarding mapping between sub-channel and interlace, Option 3 is supported:
· 1 sub-channel is defined across all RB sets within the resource pool, i.e., 1 sub-channel includes K interlace(s) across all RB sets within the resource pool
Proposal 15: PRBs within intra-cell guard band between two adjacent RB sets are allocated to sub-channel(s) according to the interlace it locates.
Proposal 16: For interlaced based PSCCH/PSSCH transmission,
· For time domain indication, R16 NR SL TRIV is reused. 
· For frequency domain indication, support explicitly indicating the used sub-channel index(s) and RB set index(s) based on FRIV.
Proposal 17: Tx UE dynamically indicates a reference number of PRBs to determine TBS to address the issue of unequal number of PRBs in the allocated frequency resource for (re)transmission of a same TB.
Proposal 18: Do not support option 2 below:
· Option 2: PSCCH locates in every RB set of corresponding PSSCH.
Proposal 19: Support Alt 2 below, where the slot index(s) of PSFCH occasion(s) are dynamically indicated by COT initiating UE. 
· Alt 2: PSFCH occasions are dynamically indicated.
Proposal 20: Support that PSSCH transmission and its related PSFCH occasion are in the same RB set(s).
Proposal 21: Regarding PSFCH transmission under 15 kHz and 30 kHz SCS, Alt 1-1a is supported, i.e., each PSFCH transmission occupies a common interlace and one dedicated PRB.
Proposal 22: Regarding PSFCH transmission under 60 kHz SCS, Alt 1 is supported, i.e., each PSFCH transmission occupies a common set of PRBs, which is given by (pre-)configured bitmap, and one dedicated PRB.
Proposal 23: For the case that LBT fails for PSFCH transmission, reuse R16 SL design on SL HARQ-ACK reporting to the gNB when no SL HARQ-ACK is received. 
Proposal 24: Additional S-SSB occasions belong to resource pool.
Proposal 25: Regarding the number and location(s) of additional candidate S-SSB occasions, option 2 is supported, i.e., each R16/R17 NR SL S-SSB slot has one corresponding additional candidate S-SSB occasion, and the gap between them is (pre-)configured.
· The gap between them is less than the gap between two legacy S-SSB occasion within a S-SSB period
[bookmark: _GoBack]Proposal 26: Regarding UE behaviors on S-SSB occasions,  support Alt 1 with following details:
· [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]UE attempts to transmit on corresponding additional S-SSB occasion only when it fails transmit on R16/R17 S-SSB occasion(s)
· The additional S-SSB occasion is not used for S-SSB transmission and can be used for PSCCH/PSSCH transmission if a UE already transmitted S-SSB at R16/R17 S-SSB occasions.
Proposal 27: To meet OCB and PSD requirement for S-SSB transmission for 15 kHz and 30 kHz SCS, option 1-2 is supported, i.e., using interlaced RB transmission for PSBCH only, and apply OCB exemption to S-PSS and S-SSS
· For the case of 15 kHz SCS, repeat top 7 REs of S-PSS/S-SSS to meet minimum of 2 MHz requirement. 
Proposal 28:  To meet OCB and PSD requirement for S-SSB transmission for 60 kHz SCS, keep the legacy S-PSS/S-SSS while span PSBCH to 23 contiguous RBs to meet OCB requirements.
Proposal 29: When each interlace has only 10 PRBs in a RB set, the PSBCH occupies 10 PRBs in one interlace and one additional PRB in the adjacent interlace.
Proposal 30: When a UE’s COT contains multiple RB sets, UE transmits S-SSB in each RB set, FFS details.
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Appendix 
Table 1: Summary of simulation assumptions for Indoor SL-U
	Carrier frequency
	5GHz

	Resource pool bandwidth
	80 MHz

	SCS
	30KHz

	UE dropping model
	[image: 捕获]
Indoor layout and UE dropping model with 3 clusters and each with 5 UEs.
Each cluster is a circle, with a central point and radius Rmax = 15 and Rmin = 5, where UEs are randomly dropped within the circle.
No overlapping among the 3 clusters.

	Resource allocation schemes
	SL-U:
· Enhanced R16 mode 2 (TBs are selected consecutively in a COT) + LBT (performed before transmission).

Wi-Fi: IEEE802.11ac with parameters as per TR36.889

	Traffic model
	Mixed traffic mode for SL-U:
· XR: cloud gaming traffic model (8Mbps) and pose/control traffic model defined in TR 38.838. 
· FTP: FTP 3 as in TR 38.889  

Single traffic model for Wi-Fi:
· FTP: FTP 3 as in TR 38.889  

	Interference model
	3APs + 1 STAs, , where each AP serves 5 STAs
Same flows and load as SL-U.

	Channel model
	InH Mixed Office model

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

	AP antenna array configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

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

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	AP Tx power
	23 dBm (total across all TX antennas)

	SL-U UE
	18 dBm (total across all TX antennas)

	AP antenna gain
	0 dBi

	UE/STA antenna gain
	0 dBi

	AP noise figure
	5 dB

	UE/STA receiver noise figure
	9 dB
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