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1	Introduction
[bookmark: _Hlk525462591]In this contribution, we provide our views on the physical channel design framework for SL-U. And in our companion contribution [2], we provide our views on channel access mechanism for SL-U operation.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Following are the FL recommendations for future meetings:
To make better progress for future meetings, below are some suggestions from FL’s perspective (companies can have their own judgements for sure):
· Issue#1: SL bandwidth part and resource pool
· After the two agreements in this meeting, FL assumes no urgent issues now. Companies can further check. FL will organize related discussions based on Tdoc review.
· Issue#2: Slot structure
· Since RAN1 had a WA on 2 starting symbols, companies are encouraged to bring more details for further discussions.
· Issue#3: PSCCH/PSSCH
· RAN1 will have detailed discussions on sub-channel indexing, resource indication (especially frequency domain), handling of potential unequal sub-channel size, etc. Those issues are expected to be complicated. 
· Please also analyze the pros/cons of the agreed options to help down-selection.
· Companies are encouraged to bring more details and some illustrative figures to help us better understand each other.
· Issue#4: PSFCH and SL-HARQ
· PSFCH issues are also complicated, especially Proposal 4-1a in Section 2.4.2.1 (i.e., PSFCH transmission Alt1/2/3 issue). FL formulated proposal 4-1a trying to move a small step forward, but it seems not working. Anyway, please check companies’ good feedback in Section 2.4.2.1, try to refine your solution by addressing the raised concerns, and also express your views on other alternatives. Hope we can have some progress on this issue during next meeting.
· Issue#5: S-SSB and synchronization
· Although Proposal 5-1-2a/5-3d (in Section 2.5.10) are not agreed, but companies are encouraged to give more details on them to facilitate further discussions.
· In addition, companies are encouraged to express your views on the agreed Note to help discussions, i.e., “Note: RAN1 further study the relationship between above options and temporary OCB exemption …”.
2	SL bandwidth and resource pool
For the legacy NR SL structure in frequency, a single SL BWP is supported within a SL carrier. Furthermore, within the SL BWP multiple transmission and/or reception resource pools (RP) are supported. Each RP can then be further divided into sub-channels in frequency, where each sub-channel is composed by consecutively non-overlapping sets of (at least ten) PRBs. For SL-U operation, and as discussed in our companion contribution [2], the LBT bandwidth (equivalent to an RB set) is generally understood to be 20 MHz. If the legacy design regarding having a single SL BWP per SL carrier is adopted in SL-U, then it is important to establish the relation between RB set and RP and sub-channels. 
With one way, the sub-channel configuration can be extended to support a single RB set and then an RP is composed by at least one sub-channel and therefore can encompass RB sets. In this case, the LBT procedure would be applied at the sub-channel level. In another way, the RP configuration is extended to support a single RB set and, if multiple sub-channels are configured, then each sub-channel will have a bandwidth below 20 MHz. In this case, the LBT procedure would be applied at the RP level. 
In our view, both cases are valid configuration options to be considered, therefore it is important for RAN 1 to support both cases. Regardless, the LBT is always performed at the RB set level.
[bookmark: Proposal95997][bookmark: Proposal41786][bookmark: Proposal25400][bookmark: Proposal7529][bookmark: Proposal8513][bookmark: Proposal77964]Proposal 1: RAN1 to discuss if a sub-channel can be smaller than an RB set.
For the resource pool configuration in the frequency domain, the SL resource pool consists of a set of subchannels. In legacy SL, the total number of RBs within a given resource pool can be configured with the value from 10 to 275. As starting point as agreed from RAN1#109-e meeting, a SL resource pool (e.g. with bandwidth size of 80MHz) can be (pre-)configured to include integer number of RB sets, with each RB set corresponding to one 20MHz channel (or “LBT bandwidth”) for the purpose of channel access.
For the legacy NR SL operation with contiguous-RB based operation, the SL resource allocation (PSSCH), sensing, and resource selection are subchannel-based operations. More specifically, the legacy SL subchannel consists of a number of consecutive RBs, and the size of a subchannel is configurable and can take the values 10, 12, 15, 20, 25, 50, 75, and 100 RBs, and there can be from 1 to 27 configured number of subchannels within a given resource pool. Moreover, as it has been agreed in RAN1#110 meeting, for interlace RB-based transmission, the frequency domain resource allocation granularity for PSSCH is also subchannel-based operation as legacy SL. Thus, to our view, the legacy subchannel size and number of subchannels in a resource pool should be at least supported in SL-U for both contiguous and interlace RB-based transmissions. And FFS if other values need to be additionally considered with subchannel size and number of subchannels in a resource pool.
[bookmark: Proposal96000][bookmark: Proposal41790][bookmark: Proposal25404][bookmark: Proposal7530][bookmark: Proposal8514][bookmark: Proposal77965]Proposal 2: Legacy SL supported subchannel size and number of subchannels in a resource pool should be considered in SL-U for both contiguous and interlace RB-based transmissions. FFS if other values need to be additionally considered with subchannel size and number of subchannels in a resource pool.
Regarding the wide-band operation of resource pool, in RAN1 Meeting #110b-e, the following agreement was made:
	(1)  Agreement: Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission



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

[bookmark: Proposal7531][bookmark: Proposal8515][bookmark: Proposal77966]Proposal 3: Do not utilize the guard band RBs for PSFCH/S-SSB transmission.

Furthermore, considering the guard band RBs used for interlaced RB based PSSCH transmission, it can be rather straightforward to utilize the NR-U principle, where the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets.

[bookmark: Proposal7532][bookmark: Proposal8516][bookmark: Proposal77967]Proposal 4: Considering the guard band RBs used for interlaced RB based PSSCH transmission, the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets.
Finally, in legacy NR SL, a bitmap is used to indicate the time domain resource of resource pool by considering where the S-SSB slots occur, TDD configuration, and reserved slots. The S-SSB slots, slots without enough UL symbols, and slots indicated as 0 by bitmap are excluded from the resource pool. For SL-U, the same bitmap operation should be considered, including the case of bitmap value of all “1”s. 
[bookmark: Proposal7533][bookmark: Proposal8517][bookmark: Proposal77968]Proposal 5: For SL-U, the same bitmap operation as legacy SL operation should be considered, including the case of bitmap value of all “1”s.
2	Slot structure
As described in TR37.985 and depicted in Figure 1, in Rel.16 three slot format types, that multiplex the different SL channels and signals in time within a slot, have been defined for NR SL, with the following roles:
	PSCCH and PSSCH slot – The full slot is used for a UE’s SL PSCCH/PSSCH transmission;
	PSCCH, PSSCH and PSFCH slot – A fraction of the slot is used for a UE’s PSCCH/PSSCH transmission and another fraction used for (another) UE’s PSFCH transmission; and
	S-SS/PSBCH slot – Used by a UESyncRef to transmit a SL synchronization and PSBCH block;
As stated in the WID objectives, the sidelink physical channel structure from legacy NR SL should be used as much as possible in the NR SL design for operation in shared/unlicensed spectrum (here denoted as SL-U).


[bookmark: _Ref101963772]Figure 1: Example of sidelink slot formats: (a) Sidelink slot with PSCCH and PSSCH; (b) Sidelink slot with PSCCH, PSSCH and PSFCH; (c) Sidelink S-SS/PSBCH slot.
[bookmark: Proposal96006][bookmark: Proposal41794][bookmark: Proposal25408]As stated in the WID objectives, the sidelink physical channel structure from legacy NR SL should be used as much as possible in the NR SL design for operation in shared/unlicensed spectrum (here denoted as SL-U).
[bookmark: Proposal7534][bookmark: Proposal8518][bookmark: Proposal77969]Proposal 6: RAN1 to consider in the SL-U design at least the slot formats as defined for legacy NR SL.
[bookmark: Proposal96008][bookmark: Proposal41801][bookmark: Proposal25415]In RAN1 Meeting #110b-e, the following working assumption was agreed regarding slot structure aspects:
	Working assumption: Support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
· RAN1 strives to have unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol
· The candidate starting symbol(s) are intended for AGC purpose
· FFS: other potential uses of the candidate starting symbol(s)
· FFS other details, e.g., applicable scenarios (including SCS), position of 2nd starting symbol, TBS determination, PSCCH blind decoding complexity, processing time constraints, etc.
· FFS whether 2 candidate starting symbols is also supported for slots with PSFCH



Compared to other unsynchronized unlicensed communication systems (e.g. such as Wi-Fi), the main shortcoming associated with slot-based PSCCH/PSSCH transmission is the lower channel access opportunities. Therefore, supporting additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission, as illustrated in Figure 2, can provide more channel access opportunities to SL UE(s). Consequentially, it can reduce transmission latency and further improve channel utilization. However, a sub-slot transmission may cause AGC problem for UEs trying to receive a full-slot transmission within the same slot. At the same time, it also increases processing complexity of PSCCH blind decoding at receiving UE(s) and data preparation at transmitting UE. Therefore, it is our view that two starting symbols within a slot provides a good trade-off between complexity and number of channel access opportunities. 

[bookmark: Proposal7535][bookmark: Proposal8519][bookmark: Proposal77970]Proposal 7: Support at most two starting symbols within a slot for PSCCH/PSSCH transmission in unlicensed spectrum.  



[bookmark: _Ref118703287]Figure 2: Example of sidelink frame structure with two starting symbols within a slot for SL-U
As supporting a maximum of 2 candidate starting symbols is agreed as working assumptions, we have evaluated the cases in which only a single starting symbol is configured in comparison with configuration of two starting symbols. Moreover, we also considered different configurations for the second starting symbol in order to determine which second starting symbol location would be the best candidate. In Figure 3, it is shown the mean user perceived throughput (UPT) in Mbps for the scenario agreed in the evaluation assumptions (more details about simulation assumption can be seen in Table 1 of appendix A.1	Appendix). The blue bar depicts the case for a single starting symbol at symbol 0 while the other bars represent the cases in which 2 starting symbols are configured at symbols 0&1, 0&2, 0&3, and so on until 0&7. In all cases the transmission lasts until the end of the slot, i.e. for symbol 0 the PSSCH transmission duration is 14 symbols, while for e.g. symbol 4 the PSSCH transmission is 10 symbols and so on. The simulation uses a subcarrier spacing of 15kHz.
The UPT increases about 23-24% for different loads when going from 1 (at symbol 0, blue bar) to 2 starting symbols (when the selected symbol for the second starting point is after symbol 2 (i.e. from symbol 3 to 7)).
Comparing the different configurations of 2 starting symbols, there is not significant difference when the second starting symbol is chosen after symbol 2, i.e. from 3 to 7. However, the UPT decreases when the second start symbol is 1 or 2 (red and green bars respectively) since the UEs that are not able to start transmission in symbol 0 may not have time to perform a new LBT type 1 before symbol 1 or 2.  
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[bookmark: _Ref117848226][bookmark: _Ref117848219]Figure 3: Mean user perceived throughput in Mbps for variable FTP3 traffic load per user 
comparing 1 and 2 starting symbols within a slot
Moreover, in legacy SL the DMRS patterns for PSSCH transmission of 6~13 symbols were specified as shown below table in TS38.211. Considering the specification impact for introducing the 2nd start symbol and that the minimum duration (sl-LengthSymbols) is 7 (6 symbols + guard symbol), the 2nd starting symbol position should be between sym01 and sym07 within a slot, so as to avoid unnecessary new SL DMRS pattern design with shorter ld. 
[image: ]

Therefore, considering both, the specification impact and the simulation results, it is proposed that the 2nd starting symbol position is between sym03 and sym07 within a slot.
[bookmark: Proposal7537][bookmark: Proposal8521][bookmark: Proposal77971]Proposal 8: the 2nd starting symbol position should be between sym03 and sym07 within a slot, so as to avoid unnecessary new SL DMRS pattern design with shorter ld and to maximize the throughput.  
Assume that 2 starting symbols were supported in a slot for PSSCH transmission in unlicensed band, it’s necessary for the transmitter to prepare different transport block so as to match different starting positions. To reduce the scheduling and data preparation complexity, data preparation can consider the same TBS for full-slot and sub-slot transmission in a slot for SL-U as for LAA.
[bookmark: Proposal7538][bookmark: Proposal8522][bookmark: Proposal77972]Proposal 9: The same TBS should be supported for full-slot transmission and sub-slot transmission in the same slot.
As discussed above, the same TBS shall be supported for both full-slot and sub-slot transmission. In principle, the TBS can be determined based on either the first starting position or the second starting position. 
· Alt.1: the TBS is determined based on the first starting position. If a UE fails to access the channel at the first starting position, it will use the second starting position to perform a sub-slot subframe transmission if LBT successes before the second starting position. Due to high coding rate, the Rx UE is possibly not able to decode the transmission and thus have worse decoding performance. 
· Alt.2: the TBS is determined based on the second starting position. If a UE can successfully grab the channel before the first starting position, it would perform full-slot transmission staring from the first starting position. Different from Alt.1 solution, full-slot transmission would have low coding rate and high decoding reliability. However, this solution will have lower transmission efficiency.
It’s observed from above that each option has different application scenario and use case, e.g., Alt.1 may be more suitable for high data rate transmission whilst Alt.2 may be more suitable for small data, low-latency, and high reliability transmission. In our view, the TBS based on either the first or second starting position can be dynamically determined taking into account such as the traffic type, channel busy ratio (CBR) or/and the channel sensing results.
[bookmark: Proposal7539][bookmark: Proposal8523][bookmark: Proposal77973]Proposal 10: TBS for SL transmission with two starting symbols can be dynamically determined taking into account such as the traffic type, channel busy ratio (CBR) or/and the channel sensing results.
3	On PSCCH and PSSCH design
In RAN1 Meeting #110b-e, the following agreement was made regarding the PSCCH/PSSCH transmission in SL-U (numbering added to facilitate the discussion):
	(2) Agreement: For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding 1 sub-channel equals K interlace(s)
· At least K=1 and K=2 is supported for 15 kHz SCS
· At least K=1 is supported for 30 kHz SCS
· FFS: details related to multiple RB sets

(3) [bookmark: _Ref118275703]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

(4) [bookmark: _Ref118275746]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

(5) 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



Considering of the interlace RB-based operation in SL-U specifically, an interlace contains a number of equally spaced distributed RBs in frequency according to the legacy NR-U definition. In RAN1#110 meeting, it has been agreed that 1 subchannel can be equal to K interlaces. The controversial issue is whether the value of K can be configured to be larger than 1. To our view, with the value of K being fixed to 1, the maximum frequency resource of PSCCH will be limited to 10 PRBs in an RB-set with SCS of 15kHz/30kHz, which is much less than the number of PSCCH PRBs {10, 12, 15, 20, 25} supported by the legacy NR SL. Instead, by allowing the value of K to be larger than 1, there can be more frequency resources with distributed RBs to be included in a subchannel, which allows higher capacity available for PSCCH transmission. Thus, to our view, the value of K can be 1 as default, and it should be allowed also to be (pre-)configured to be larger than 1.
[bookmark: Proposal7540][bookmark: Proposal8524][bookmark: Proposal77974]Proposal 11: For interlace RB-based transmission, 1 sub-channel equals K interlace(s), where the value of K is 1 by default, and the value of K can be larger than 1 by (pre-)configuration.
Furthermore, for the interlace RB-based operation, there was an open issue on whether 1 subchannel can be defined to span across multiple RB-sets or to be confined within an RB-set. In our view, to simplify the SL-U design, a sub-channel (including the case where K>1) should be contained within a single RB set. 
[bookmark: Proposal7541][bookmark: Proposal8525][bookmark: Proposal77975]Proposal 12: Regarding a sub-channel definition, a sub-channel and the associated K interlaces should be contained within a single RB set.
And for the interlace RB-based operation, the subchannel based resource allocation for PSSCH has also been agreed as legacy SL approach, where 1 subchannel equals to K (K1) interlaces as proposed in above. In addition, for the frequency resource mapping of PSCCH with interlace RB-based operation, it has been agreed that the allocation of PSCCH is associated with the lowest sub-channel of lowest RB set of scheduled PSSCH. However, generally the payload size of PSCCH is smaller than PSSCH, which means that PSCCH requires less number of interlaces than PSSCH. Thus, the frequency resource mapping of PSCCH to interlaces can be different from the configured K-value of PSSCH. And how to map the PSCCH frequency resources to the interlaced PSSCH resource associated to the lowest subchannel of lowest RB set should be also further discussed.
[bookmark: Proposal7542][bookmark: Proposal8526][bookmark: Proposal77976]Proposal 13: Frequency resource mapping granularity of PSCCH to interlaces can be considered to be independent from the number of interlaces per sub-channel (i.e. the K-value).
[bookmark: Proposal7543][bookmark: Proposal8527][bookmark: Proposal77977]Proposal 14: RAN 1 to discuss how to map the PSCCH and PSSCH frequency resources to the K sub-channel interlaces of the lower sub-channel of lowest RB set.
Regarding the PSCCH and PSSCH resource indication in time/frequency domain, we note that it has been agreed that the time domain indication is reused from the R16 NR SL TRIV, while the frequency domain indication needs further discussion. We note that the NR-SL Rel. 16 FRIV design assumes that when a UE selects a number of sub-channels that these are contiguous in frequency. However, for SL-U it was agreed that a resource pool contains an integer number of RB sets (i.e. multiple 20 MHz LBT bandwidths) and therefore it opens for the possibility of a UE allocating a non-contiguous sub-channels. This is the case either if the sub-channels are composed by contiguous RBs (as in NR-SL Rel.16) or by K interlaced RBs. However, a complete redesign of the FRIV can incur significant standardization effort and the same time might not be as space efficient (i.e. bit wise) as the NR-SL Rel. 16 FRIV design. Therefore, one way to minimize the impact on the FRIV design and while introducing the resource indication flexibility in the frequency domain is to instead of redesigning the FRIV itself to instead redefine how the indexing of the sub-channels are performed.
As an illustrative example of when the sub-channels are composed by interlaced RBs, consider Figure 4, where two examples of sub-channel indexing are provided:
· Sub-channel first – where the sub-channels indexing starts in an RB set and continues to the next RB set as depicted in Figure 4.(a);
· RB-set first – where the sub-channels indexing alternates between RB sets as depicted in Figure 4.(b);
[image: ]
[bookmark: _Ref118288805]Figure 4: For interlaced RB based sub-channels, the two possible mappings of 3 sub-channels (i.e. 3 groups of K interlaces)across 2 RB sets, where the first selected sub-channel is allocated in the RB Set 0: (a) sub-channel first, where the sub-channel 1 to 3 are in RB set 0 and the sub-channels 4 to 6 are in RB set 1; (b) RB set first, where the sub-channel 1, 3 and 5 are in RB set 0 and the sub-channel 2, 4 and 6 are in RB set 1.
Note: In the example depicted in Figure 4, it is assumed that the resource pool consists of 2 RB sets with 3 groups of K interlaces. Then from these groups of K interlaces, 3 sub-channels are defined at each RB set (e.g. in Figure 4.b, subchannels #1, 3, and 5 for RB set 0 and subchannels # 2, 4, and 6 for RB set 1). In other words, a sub-channel is contained in an RB set and is composed by the RBs of the K interlaces which intersect with the RBs of the RB set (in this example, each sub-channel is composed by the RBs of 1 interlace in 1 RB set).
However, as depicted in Figure 4, depending on how the sub-channels in each RB set of the resource pool are indexed, then the current FRIV design will address a restricted number of resource allocation patterns. Hence, there are resources in frequency domain that remain unused as those resources are not addressable by any FRIV value.
[bookmark: Obs49645][bookmark: Obs10101][bookmark: Obs1679]Observation 1: For a Resource pool defined in multiple RB sets and subchannels defined within each RB set, the current FRIV design will address a restricted number of resource allocation patterns.
[bookmark: Proposal7544][bookmark: Proposal8528][bookmark: Proposal77978]Proposal 15: For SL-U frequency domain indication keep the NR-SL Rel.16 FRIV design while redefining the associated indexing of the sub-channel for both interlace and continuous RB based sub-channels.
Regarding the agreement (3) in RAN1#110-bis, about frequency domain resource indication for interlace RB-based PSSCH transmission, when more than one RB set is used for transmissions, to reuse the NR-SL Rel.16 FRIV and just redefine the indexing of the sub-channel, option B (use different interlace index(s) in different RB sets) is preferred as this minimizes the impact on the channel definition.
[bookmark: Proposal7545][bookmark: Proposal8529][bookmark: Proposal77979]Proposal 16: In case that more than 1 RB-set is used for interlace RB-based PSSCH transmission, RAN1 to support option B in which different interlaces index(s) are used in different RB sets.
Assuming that different interlaces index(s) are used for interlaces in different RB-sets, for resource indication in frequency domain is just needed to provide the interlace index(s) and not the RB-set index, since different interlaces index(s) belong to different RB-sets. 
[bookmark: Proposal7546][bookmark: Proposal8530][bookmark: Proposal77980]Proposal 17: Regarding agreement (4) in RAN1#110-bis, RAN1 to support option 2 in which only the interlace index(s) is explicitly indicated.
In NR-U, the regulatory limitations in terms of OCB and PSD guided the design choices for the uplink channels of NR-unlicensed system and therefore an interlaced FDM scheme was adopted. In interlaced FDM, specified in TS38.214 as UL resource allocation type 2, the UL resources are allocated in interlaces of 10 equidistant PRBs. The number of interlaces is 10 for 15 kHz SCS and 5 for 30 kHz SCS. 
In meeting RAN1#109-e, the following agreement was achieved.
	(6) Agreement: For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
· RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
· FFS: whether/how to address IBE (In Band Emission) impact


For interlace RB-based transmissions, IBE (In Band Emission) impact is more significant in PC5 interface than at Uu interface. Namely, due to the leakage induced by the slow filter decay in the PRBs surrounding the PRBs in which the UE is transmitting, the carrier leakage and the leakage due to IQ image frequencies. Furthermore, relative locations of UEs may cause large power differences (near-far scenario) received at a UE. Therefore, interference due to IBE is aggravated for near-far scenario encountered in sidelink communication. Hence the enhancement to interlace RB-based transmissions is required to reduce IBE impact for sidelink communications in unlicensed spectrum. 
Figure 5 shows an example of the emission levels of a UE transmitting in contiguous RBs (based on IBE model from TS38.101-1 V2X). In this case, one sub-channel (over the IQ image frequencies) may suffer highest effect of IBE of this transmission.
[image: ]
[bookmark: _Ref118723111]Figure 5: IBE for contiguous RB-based transmission (RB 0 to RB 9) with 18 dBm, 30 kHz SCS, QPSK, where blue curve is the in-band emission, the red curve is the in-band emission specification requirement.
Figure 6 shows an example of the emission levels of a UE transmitting in one interlace. It highlights the IBE levels on RBs over IQ image frequencies and on RBs adjacent to transmitting interlace RBs. It can be noticed that in an implementation, the levels may still meet the specification requirements (red curves). However, in a near-far scenario, for example, where the source Tx UE is at 30m distance of the Rx UE (victim) and an aggressor Tx UE is at 1m distance, and if both Tx UEs transmit with same power, there is high likelihood of a below 0 dB SINR on resources over adjacent and IQ image frequency (path loss difference between aggressor and source Tx calculated to be ~29 dB assuming FSPL). In the example in Figure 6(a), 50% of the interlaces may be compromised by IBE (only 2 out of 4 non-allocated interlaces have low IBE). In example (b), 75% of the interlaces may be compromised by IBE (only 1 out of 4 non-allocated interlaces have low IBE).
[image: ]
[bookmark: _Ref118469294]Figure 6: IBE for interlace RB-based transmission with 18 dBm, 30 kHz SCS, QPSK, where blue curve is the in-band emission, the red curve is the in-band emission specification requirement.
[bookmark: Obs67631][bookmark: Obs79765][bookmark: Obs90464][bookmark: Obs49646][bookmark: Obs10102][bookmark: Obs1680]Observation 2: Interference due to in-band emission (IBE) is aggravated for near-far scenario encountered in sidelink communication. 
[bookmark: Proposal96012][bookmark: Proposal41802][bookmark: Proposal25416][bookmark: Proposal7547][bookmark: Proposal8531][bookmark: Proposal77981]Proposal 18: RAN1 to address the impact of IBE for the interlace RB-based transmissions.
One option is to enable UEs to be able to detect and avoid IBE issues with other UEs in their vicinity, whenever these UEs’ selected resources/interlaces have a certain frequency separation (e.g. when the interlace subchannels selected by two UEs are adjacent or over the IQ image frequency of each other). In that case, a SL-U UE could change its transmission starting point when detecting that a resource reservation from another UE will cause IBE issues to the reception of the UE’s own transmission or that the SL UE’s own transmission will cause IBE issues to the reception of other SL UE transmission. The change of transmission starting point can be determined based on the frequency separation between the interlaces of the reserved resources (by other UEs) and the UE’s selected transmission resource and other conditions (e.g. such as based on the priorities of the different transmissions). For example, a low priority UE may apply a later transmission starting point if allocated adjacent to a high priority reserved resource, so if the high priority transmission occurs it may block the low priority transmission (via LBT), thus avoiding the low priority transmission to start and cause IBE issue to high priority data reception. If the high priority transmission does not occur on the reserved resource (e.g., due to re-evaluation, packet drop, LBT failure), the low priority transmission can still proceed as long as the associated LBT is successful.
[bookmark: Proposal41803][bookmark: Proposal25417][bookmark: Proposal7548][bookmark: Proposal8532][bookmark: Proposal77982]Proposal 19: To mitigate IBE impact, SL-U UEs can change transmission starting point (e.g., via CP extension or AGC puncturing) to block its or another transmission only in case another transmission (from other UE) occur on reserved resources within a certain frequency separation of the selected resource.
4	PSFCH and SL-HARQ 
In unlicensed spectrum, there are two main issues to solve in the PSFCH design:
· Comply with the OCB and PSD regulations – There is the need to apply interlaced FDM to comply with OCB and PSD regulations, since a single PRB cannot be interlaced.
· Coping with LBT failures – PSFCH transmissions may not be initiated due to LBT failure. This will lead to retransmission of PSSCH consuming substantially more resources and increasing latency;

Comply with OCB and PSD regulations for PSFCH transmission:
In RAN1 Meeting #110-e, the following agreements were made (numbering added to facilitate the discussion) in agenda item 9.4.1.2 regarding PSFCH design.
	(7) Agreement: To meet OCB and PSD requirement for PSFCH transmission, at least RB-based interlace is supported at least for 15 kHz and 30 kHz SCS, FFS details



	(8) [bookmark: _Ref118275859]Agreement: Regarding PSFCH transmission, at least the followings alternatives can be further studied 
· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)
· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)
· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs
· FFS details of above alternatives



In NR-U the interlace of the PUCCH format 0 was enabled by performing 10 repetitions equally spaced interlaces within the OCB. A similar approach could be applied to the SL-U PSFCH but the drawback of such approach is that the PSFCH capacity is reduced proportionally by the number of interlaces/repetitions required. 

In Alt.1 (of the (8) agreement), a more efficient solution to achieve the interlace and minimize the loss of capacity is that the PSFCH of each Rx UE is sent alone in an RB (exclusively used by such Rx UE feedback) and, to comply with the OCB and PSD regulations the PSFCH feedback is further repeated along the common interlace that are used by other Rx UEs for the same purpose (repetitions of PSFCHs along the interlace). This complies with the regulations and uses more efficiently the amount of RBs needed for each PSFCH while assuring that the transmission content is protected from collisions with other Rx UEs PSFCHs. While, in Alt.2 (of the (8) agreement), the PSFCH transmission occupies an interlace and in each RB of the interlace it may or not apply a code domain enhancement. Finally, in Alt.3 (of the (8) agreement), it is not clear how the common PRBs are distributed in frequency and how these address the OCB and PSD regulations.

[bookmark: Proposal41807][bookmark: Proposal25421][bookmark: Proposal7549][bookmark: Proposal8533][bookmark: Proposal77983]Proposal 20: RAN1 to clarify how the common PRBs are distributed in frequency in Alt.3.
[bookmark: Proposal96015][bookmark: Proposal41808][bookmark: Proposal25422][bookmark: Proposal7550][bookmark: Proposal8534][bookmark: Proposal77984]Proposal 21: RAN1 to prioritize Alt.1 as enhancement to interlaced FDM schemes for PSFCH to comply with OCB and PSD regulations, while maximizing the PSFCH capacity. 
Coping with LBT failures for PSFCH transmission:

For the case where the LBT is supported for PSFCH transmissions, we note that if the legacy NR SL design is applied (i.e. the one-to-one mapping between the PSCCH/PSSCH resource used and the corresponding PSFCH resource), then there will be only one chance in time domain for transmission of the HARQ feedback. In a SL-U context, if the UE is not able to complete the LBT procedure successfully before the start of the PSFCH resource symbols, then it will not be able to access the channel and therefore will have to drop the HARQ feedback transmission.  
[bookmark: Obs79767][bookmark: Obs90466][bookmark: Obs49647][bookmark: Obs10103][bookmark: Obs1681]Observation 3: In case the UE is not able to complete successfully the LBT procedure, then it will be unable to access the PSFCH resource symbols and will have to drop the transmission of the HARQ feedback. 
A similar situation occurs in the legacy NR SL for in-device coexistence, where in some conditions (e.g. due to prioritization of transmission and reception) the UE has to drop its HARQ feedback transmission. However, there is currently no NR SL legacy mechanism that recovers from it. In SL-U, the cause for dropping HARQ feedback transmission is external to the UE, therefore, a recovery mechanism should be introduced for that purpose. If the UE has multiple PSFCH opportunities either in time domain (multiple PSFCH occasions) or in frequency domain for multi-channel case to provide feedback for each PSSCH, it increases the successful probability of HARQ feedback, even when the LBT procedure is not successful.

In RAN1 Meeting #110b-e, the following agreements was made (numbering added to facilitate the discussion) in agenda item 9.4.1.2 regarding PSFCH design:
	(9) Agreement: At least there is 1 PSFCH occasion per PSCCH/PSSCH transmission, FFS details. 

(10) Agreement: To address PSFCH transmission dropping due to LBT failure, the followings are to be studied:
· Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· Alt 2: PSFCH resources are dynamically indicated
· Alt 3: Convey SL-HARQ feedback information in PSCCH/PSSCH, e.g., new SCI or new MAC-CE
· Alt 4: drop PSFCH transmission
· Alt 5: Support trigger based HARQ feedback reporting for non-numerical HARQ FB and one shot HARQ FB
· Combination of above alternatives are not precluded 
· FFS details of above alternatives



As an example, for Alt 1/2/5, as mentioned before, using a single (pre-)configured PSFCH mapping to provide feedback for PSCCH/PSSCH may cause the Rx UE to drop the HARQ feedback if it fails the LBT. In some cases, a dynamic configuration of the PSFCH resources may also be beneficial to cope with LBT failures, since the Tx UE may inform the Rx UE when there will be another opportunity for PSFCH transmission. As the example illustrated in Figure 7, if the Tx UE fails the LBT and is not able to transmit the PSSCH at slot N, the COT is lost, and the Rx UE will not be able to send the PSFCH of a prior PSSCH (e.g. PSSCH at slot N-2) in such slot. Therefore, the Tx UE may dynamically inform the Rx UE of a new PSFCH resource in the next shared COT corresponding to the PSFCH for providing feedback for the missed PSSCH at slot N (that could not been sent). Alternatively, the mapping to a new PSFCH resource in a different COT may also be implicitly selected in the first slot of the next shared COT.
[image: ]
[bookmark: _Ref115338842]Figure 7: Example of dynamic PSFCH configuration being used to cope with LBT failure.
[bookmark: Proposal41810][bookmark: Proposal25424][bookmark: Proposal7552][bookmark: Proposal8536][bookmark: Proposal77985][bookmark: Proposal41811][bookmark: Proposal25425]Proposal 22: RAN1 to study means for support of multiple PSFCH opportunities either in time domain (multiple PSFCH occasions) or in frequency domain for multi-channel case to increase robustness against LBT procedure failures (Alt. 1). 
[bookmark: Proposal7553][bookmark: Proposal8537][bookmark: Proposal77986]Proposal 23: Support (pre-)configured and/or dynamic resource indication for PSFCH with possible combinations of alternatives agreed from last meeting.
5	S-SSB and synchronization
To enable coexistence with other systems in unlicensed band, the S-SS/PSBCH design needs to consider the LBT channel access mechanism. More specifically, the transmission of a S-SS/PSBCH block needs to be preceded by an LBT slot. A UE acting as UESyncRef would then have to perform an LBT check to confirm if it can proceed with the transmission of the S-SS/PSBCH block. However, whenever the LBT check fails, as depicted in Figure 8, the UE will be unable to perform the transmission of the S-SS/PSBCH block, for which the main consequence is the degradation of the synchronization performance.


[bookmark: _Ref80958997]Figure 8: S-SS/PSBCH block preceded by an LBT check, with example of S-SS/PSBCH block not being transmitted due to LBT failure.
Coping with LBT failures for S-SSB transmission:
To cope with LBT failure, a known design principle to increase robustness against LBT failures is to increase the number of transmission opportunities, such that if the UE suffers LBT failure in one opportunity, then the UE has the chance to attempt additional LBT checks in the remaining opportunities. An example of this design principle applied to the S-SS/PSBCH block design is depicted in Figure 9.


[bookmark: _Ref118279964]Figure 9: Introduction of multiple S-SS/PSBCH block transmission opportunities to mitigate LBT failures, where it is assumed that the SyncRefUE only transmits in the first opportunity where the LBT passes.
However, even though an S-SS/PSBCH block occupies only 11 PRBs of the SL BWP, all the remaining PRBs in the slot where the S-SS/PSBCH block takes place cannot be used by any other SL transmission, as depicted in Figure 10. The reason for this design is to ensure that, when UEs are performing their search for a synch source, they can detect the S-PSS and S-SSS signals more easily, since the S-SS/PSBCH block is the only signal present in the SL BWP. 


[bookmark: _Ref80960419]Figure 10: S-SS/PSBCH block occupation of the SL-BWP.
The introduction of additional S-SS/PSBCH block opportunities to increase robustness towards LBT failures is done at the cost of the reduction of resources available for SL communication. There is, therefore, the need for alternative approaches that enable robustness towards LBT failures, without impacting the number of usable resources for SL communications.

One advantage of introducing additional S-SS/PSBCH block opportunities is that if the LBT fails in the primary S-SSB opportunity and UE does not send S-SSB in the configured primary resource, then it can still use the secondary resource that overlaps with SL RP for S-SSB. But at the same time, it can receive at the original resource to see if other UEs sent S-SSB. The UE may conclude that the S-SSB sent by other UEs is sufficient and it can skip S-SSB transmission.

In RAN1#110 meeting, it has been agreed that additional candidate S-SSB occasions are supported in addition to the legacy S-SSB occasions in Rel16/Rel17 NR SL design. Moreover, in RAN1 meeting #110b-e, the following agreements have been made (numbering added to facilitate the discussion), where the legacy SL S-SSB slots are excluded from the SL resource pool as legacy SL procedure (agreement (11)), and the number and time domain locations of the new introduced additional candidate S-SSB occasions can be (pre-)configured or (pre-)defined (agreement (12)). However, as noted in the agreement (11), it is still unclear whether or not the additional candidate S-SSB occasions are excluded from the resource pool or not. To our view, having the new additional candidate S-SSB occasions introduced to cope with LBT failures, in order to minimize the S-SSB slot transmission overhead, it should be considered to allow these new S-SSB slot to coexist at least in time domain with a resource pool. Thus, we propose to discuss and clarify this controversial issue before further details of additional candidate S-SSB design.

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

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


 
[bookmark: Proposal96019][bookmark: Proposal41812][bookmark: Proposal25426][bookmark: Proposal8538][bookmark: Proposal77987]Proposal 24: Having the new additional candidate S-SSB occasions introduced to cope with LBT failures, in order to minimize the S-SSB slot transmission overhead, it should be considered to allow these new S-SSB slot to coexist at least in time domain with a resource pool.
Comply with OCB and PSD regulations for S-SSB transmission:
In RAN1 Meeting #110, the following agreements were made regarding comply with OCB and PSD regulations for S-SSB transmission (numbering added to facilitate the discussion):
	(13) Agreement: For S-SSB and synchronization in SL-U: 
· No changes on R16 NR SL S-PSS/S-SSS sequence generation
· Continue studying the 4 options from the previous agreement and whether/how temporary exemption of OCB requirement is applicable for S-SSB transmission, e.g., how to meet the minimum of 2 MHz requirement under 15 kHz SCS


In RAN1 Meeting #110b, the following agreement was made regarding comply with OCB and PSD regulations for S-SSB transmission (numbering added to facilitate the discussion):
	(14) Agreement: To meet OCB and PSD requirement for S-SSB transmission, down-select between the followings for 15 kHz and 30 kHz SCS:
· Option 1: Using interlaced RB transmission for S-PSS/S-SSS/PSBCH
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· FFS: whether/how the above options apply to all or subset of channel type of S-PSS/S-SSS/PSBCH
· Note: RAN1 further study the relationship between above options and temporary OCB exemption, and the discussion on temporary OCB exemption can continue even if option 1 or option 3 is supported
FFS: how to handle 60 kHz SCS (if needed, not limited to option 1 or option 3)



[bookmark: _Hlk117691020]Based on the agreements and FFS on OCB and PSD requirement from RAN1#110b-e, on the 5 GHz bands the transmission BW may temporarily be less than 80% of the Nominal Channel BW during a channel occupancy time, with a minimum BW being 2 MHz. Interlaced RB transmission is not suitable for S-PSS/S-SSS since non-uniform distribution of sequence elements degrades synchronization performance. To justify the above argument, simple evaluation on S-PSS can be used to compare S-PSS transmission occupying continuous 11 RBs (mapping method-1 in Figure 11) and interlaced RBs (mapping method-2 in Figure 11). The comparison metric is correlation in time domain for time synchronization (with local sequence). FFT size: 1024; SNR per subcarrier: -3dB; AWGN channel. As shown in Figure 11, while mapping method-1 yields good correlation peak with relatively narrow peak window size (about 8 samples), mapping method-2 yields two-tier correlation peaks with 1st tier having relatively large peak window size (about 80~100 samples) and 2nd tier peak having very narrow peak window size. Generally, the correlation property of mapping method-1 is superior to the mapping method-2 in timing synchronization. It’s noted that another drawback of mapping method-2 is the potential filtering operation before the timing synchronization. For mapping method-1, filtering is easy to be implemented, while it may be difficult to implement the filtering for the mapping method-2. RAN1 should consider supporting temporary exemption of OCB requirements for S-PSS/S-SSS transmission. 
        [image: ]
[bookmark: _Ref118280628]Figure 11: comparison of correlation for time synchronization with S-PSS transmission occupying continuous 11 RBs (mapping method-1) and interlaced RBs (mapping method-2).
[bookmark: Proposal7554][bookmark: Proposal8539][bookmark: Proposal77988]Proposal 25: RAN1 to support Option 1: using interlaced RB transmission. Option 1 only applies to PSBCH.  
[bookmark: Proposal7555][bookmark: Proposal8540][bookmark: Proposal77989][bookmark: Proposal96021][bookmark: Proposal41815][bookmark: Proposal25429]Proposal 26: RAN1 to support temporary exemption of OCB requirements for S-PSS/S-SSS transmission.

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

Proposal 1: RAN1 to discuss if a sub-channel can be smaller than an RB set.
Proposal 2: Legacy SL supported subchannel size and number of subchannels in a resource pool should be considered in SL-U for both contiguous and interlace RB-based transmissions. FFS if other values need to be additionally considered with subchannel size and number of subchannels in a resource pool.
Proposal 3: Do not utilize the guard band RBs for PSFCH/S-SSB transmission.

Proposal 4: Considering the guard band RBs used for interlaced RB based PSSCH transmission, the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets.
Proposal 5: For SL-U, the same bitmap operation as legacy SL operation should be considered, including the case of bitmap value of all “1”s.
Proposal 6: RAN1 to consider in the SL-U design at least the slot formats as defined for legacy NR SL.
Proposal 7: Support at most two starting symbols within a slot for PSCCH/PSSCH transmission in unlicensed spectrum.  
Proposal 8: the 2nd starting symbol position should be between sym03 and sym07 within a slot, so as to avoid unnecessary new SL DMRS pattern design with shorter ld and to maximize the throughput.  
Proposal 9: The same TBS should be supported for full-slot transmission and sub-slot transmission in the same slot.
Proposal 10: TBS for SL transmission with two starting symbols can be dynamically determined taking into account such as the traffic type, channel busy ratio (CBR) or/and the channel sensing results.
Proposal 11: For interlace RB-based transmission, 1 sub-channel equals K interlace(s), where the value of K is 1 by default, and the value of K can be larger than 1 by (pre-)configuration.
Proposal 12: Regarding a sub-channel definition, a sub-channel and the associated K interlaces should be contained within a single RB set.
Proposal 13: Frequency resource mapping granularity of PSCCH to interlaces can be considered to be independent from the number of interlaces per sub-channel (i.e. the K-value).
Proposal 14: RAN 1 to discuss how to map the PSCCH and PSSCH frequency resources to the K sub-channel interlaces of the lower sub-channel of lowest RB set.
Observation 1: For a Resource pool defined in multiple RB sets and subchannels defined within each RB set, the current FRIV design will address a restricted number of resource allocation patterns.
Proposal 15: For SL-U frequency domain indication keep the NR-SL Rel.16 FRIV design while redefining the associated indexing of the sub-channel for both interlace and continuous RB based sub-channels.
Proposal 16: In case that more than 1 RB-set is used for interlace RB-based PSSCH transmission, RAN1 to support option B in which different interlaces index(s) are used in different RB sets.
Proposal 17: Regarding agreement (4) in RAN1#110-bis, RAN1 to support option 2 in which only the interlace index(s) is explicitly indicated.
Observation 2: Interference due to in-band emission (IBE) is aggravated for near-far scenario encountered in sidelink communication. 
Proposal 18: RAN1 to address the impact of IBE for the interlace RB-based transmissions.
Proposal 19: To mitigate IBE impact, SL-U UEs can change transmission starting point (e.g., via CP extension or AGC puncturing) to block its or another transmission only in case another transmission (from other UE) occur on reserved resources within a certain frequency separation of the selected resource.
Proposal 20: RAN1 to clarify how the common PRBs are distributed in frequency in Alt.3.
Proposal 21: RAN1 to prioritize Alt.1 as enhancement to interlaced FDM schemes for PSFCH to comply with OCB and PSD regulations, while maximizing the PSFCH capacity. 

Observation 3: In case the UE is not able to complete successfully the LBT procedure, then it will be unable to access the PSFCH resource symbols and will have to drop the transmission of the HARQ feedback. 
Proposal 22: RAN1 to study means for support of multiple PSFCH opportunities either in time domain (multiple PSFCH occasions) or in frequency domain for multi-channel case to increase robustness against LBT procedure failures (Alt. 1). 
Proposal 23: Support (pre-)configured and/or dynamic resource indication for PSFCH with possible combinations of alternatives agreed from last meeting.
Proposal 24: Having the new additional candidate S-SSB occasions introduced to cope with LBT failures, in order to minimize the S-SSB slot transmission overhead, it should be considered to allow these new S-SSB slot to coexist at least in time domain with a resource pool.
Proposal 25: RAN1 to support Option 1: using interlaced RB transmission. Option 1 only applies to PSBCH.  
Proposal 26: RAN1 to support temporary exemption of OCB requirements for S-PSS/S-SSS transmission.
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[bookmark: _Ref118464615]A.1	Appendix
The parameters used in the simulations are provided in the following table:

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

	Layout
	Indoor 120 x 80m

	Propagation scenario
	NR InH Mixed Office

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

	Carrier and Bandwidth
	5GHz, 20MHz

	SCS
	15kHz
	

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

	Receiver
	MMSE-IRC

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

	Max Rank
	1

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

	MCS
	Max Modulation supported 256QAM 4/5

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

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

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

	EDT
	-72dBm

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

	Channel model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability
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Table 8.4.1.1.2-1: PSSCH DM-RS time-domain location.
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