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1      Introduction
According to the WID for SL enhancements [1], RAN1/RAN2/RAN4 will firstly study 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. In RAN1 #109-e meeting [2], the following topics were discussed for SL-U channel access mechanism:

· Evaluation methodology
· Channel access mechanisms for SL-U (including SCSt)
· Shared channel occupancy (COT sharing) and CP extension (CPE)
· Multiple channel access
· Sidelink resource allocation Mode 1 and Mode 2

In this contribution, we further provide our views on the above topics for SL-U channel access mechanism and show our evaluation results and corresponding observations.
2      Discussions 
2.1     Channel access mechanism for SL-U

In RAN1 #109-e meeting, the following agreements were made for SL-U channel access mechanism:
	Agreement
Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.

· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)

· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 

· FFS how the channel access priority classes apply to each SL channel and signal

FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.


CAPC is an important parameter related to the LBT configuration like the contention window size, the length of defer duration, and the maximum COT duration, etc. For legacy NR-U, the CAPC can be mapped from 5QI value of the traffic [3]. In a similar fashion, for SL-U, the CAPC can be mapped from PQI of the traffic with options of direct mapping or indirect mapping. Particularly, one option is that the PQI can be mapped to 5QI at first, then the CAPC of the traffic can be obtained according to 5QI as in legacy NR-U, i.e., indirect mapping. Another option is that the CAPC can be directly mapped from PQI of the traffic with a new definition of the mapping relation i.e., direct mapping. Therefore, we have the following observation:
Observation 1: The CAPC in SL-U can be mapped from PQI with the following two options:

· Option 1: Indirectly mapped from PQI with 5QI as an intermediary.
· Option 2: Directly mapped from PQI with a new defined mapping relation between CAPC and PQI.
Observation 2: It should be clarified at first that the work to determine CAPC (e.g., the mapping relation between CAPC and PQI) should be conducted in which WG.
2.2     COT sharing and CPE operation
In RAN1 #109-e meeting, the following agreements were made for SL-U COT sharing and CPE operation:
	Agreement
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).

· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)

· FFS all other details in compliance with the regulatory requirements

· CP extension (CPE) is supported for NR sidelink operation in a shared channel.

FFS all remaining details including applicable scenarios, usage, PHY structure, etc.


COT sharing operation was supported for SL-U with the expectation to improve the efficiency of channel access and COT utilization. Accordingly, more details about COT sharing should be further studied.
For legacy NR-U, the COT information will be shared by the COT initiator (i.e., gNB or UE) to provide the basic information about an ongoing COT, such as COT duration and bandwidth. Besides, considering the distributed nature of SL and the shared COT may be used for PSCCH/PSSCH/PSFCH transmissions to the COT initiator and/or the other UE(s), the information of COT indicator and the corresponding signals/channels should be further studied. Therefore, we have the following proposal: 

Proposal 1: Study how to introduce COT indicator to provide at least the information about COT position, COT duration and bandwidth of the initiated COT for the cases of single and multiple channel access. 

The PSFCH transmission in SL-U may dropped due to the failure of LBT, especially when it is type 1 LBT channel access to initiate a new COT. From this point of view, the PSFCH transmission within a shared COT can enjoy a relaxed LBT procedure (i.e., Type 2 LBT channel access), which can improve the channel access opportunity and thus guarantee the transmission of PSFCH. Additionally, considering one of the most fundamental purposes of COT sharing is to improve the efficiency of COT utilization and system throughput, following legacy NR-U, the transmissions of PSCCH/PSSCH to the other UEs (at least the UE of COT initiator at current stage) should be supported in a shared COT. Considering the above observations, we have the following proposal:
Proposal 2: Support PSFCH/PSCCH/PSSCH transmissions within a shared COT at least including the transmissions to the COT initiator. 

For COT sharing operation, the COT initiator may share the COT for transmissions by multiple UEs. In this case, if the COT initiator can schedule the transmission for the multiple UEs like gNB scheduling UEs in legacy NR-U, the intra-cell collision issue can be alleviated. Additionally, the FDM operation can be also used in a scheduling way, which can be more efficient compared to SCI sensing based FDM. Because SCI-sensing based resource selection has no intention to use FDM compared to the scheduling based approach, the overall system performance may be poor. Therefore, we have the following observation:
Observation 3: For COT sharing, it may be more efficient to utilize the shared COT in the style of scheduling (e.g., multiple UEs can be scheduled by the COT initiator to use a shared COT in the way of FDM).
This observation motivates the following proposal:

Proposal 3: Study whether or how to support COT sharing in the way of scheduling.
2.3     Impact of LBT/SCI sensing on resource allocation

In RAN1 #109-e meeting, the following agreements were made to support the further study of the impact of LBT/SCI sensing on resource allocation of Mode 1 and Mode 2.

	Agreement
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.

· FFS whether/how mode 1 resource allocation procedure needs to be updated / enhanced due to shared spectrum channel access
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.

· FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
· FFS whether/how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects

· channel access, resource allocation and PHY channel design

· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access

· RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2


Essentially, SCI sensing in SL is used to address the intra-RAT resource collision to avoid the interference by resource reservation in the proactive approach. LBT sensing, to meet the regulator requirement, is to address inter-RAT/intra-RAT interference by sensing the resource immediately before the transmission in the reactive approach. Thus, both of them have their advantages depending on the scenario and use cases. For SL-U, it would be reasonable to consider a unified solution by using both SCI sensing mechanism and LBT sensing mechanism jointly. Essentially, it is possible considering the different stages to perform SCI sensing and LBT sensing in the procedure. More details on the joint sensing for Mode 1 and Mode 2 resource selection and transmission are discussed respectively as below.
Impact on Mode 1 resource allocation
Timing issue for Mode 1 resource allocation with additional LBT operation
For mode 1 operation, there is no need of SCI sensing, i.e., up to gNB scheduling on the SL resources. However, as agreed in the WID [1], the Uu operation for Mode 1 is limited to licensed spectrum only, which means LBT sensing is necessary at UE side. It implies that the resource selection/reservation at gNB is decoupled with LBT sensing at UE. Essentially, there is the timeline impact on Mode 1 resource allocation procedure due to the introduction of the LBT sensing depending on the reserved or non-reserved transmission.
For the transmission on the non-reserved resources, e.g., the first transmission of the periodic traffic or the initial transmission of the aperiodic traffic, the SL-U resource allocation in the grant by gNB should consider the additional time for LBT operation at the UE side in addition to the existing UE processing time. Thus, there may be the impact on the timeline for Mode 1 operation. Moreover, LBT related information (e.g., LBT CAPC/contention window/counter information) may need to be known by gNB to help allocate the resources located after LBT operation duration.

For the transmission on the reserved resources, gNB may need to consider the sufficient time gap between the reserved resources during the resource selection for the potential LBT operation. Or gNB may have to overbook some contiguous resources to address potential LBT failure. Thus, it may also require some LBT related information to be known at gNB for the proper resource selection to avoid invalid resource allocation
Observation 4: The uncertainty of LBT operation may introduce additional time consumption for legacy Mode 1 resource allocation procedure and thus may invalidate the allocated resources. 

This observation motivates the following proposal:

Proposal 4: Study the impact on the timeline for Mode 1 resource allocation procedure due to the additional time for LBT operation.
Impact on Mode 2 resource allocation
Timing issue for Mode 2 resource allocation with additional LBT operation

For mode 2 operation, SCI sensing for resource reservation and LBT sensing are happened at the same UE. Thus, LBT information (e.g., LBT access type, contention window size) can be available at the device. Similar to the Mode 1 operation, there can be some timeline impact for Mode 2 sensing/selection procedure depending on the traffic (e.g., CAPC of the traffic).

For the transmission on the non-reserved resources, e.g., the first transmission of the periodic traffic or the initial transmission of the aperiodic traffic, the UE may perform LBT at first and then determine the selection window for resource selection based on the LBT success time. In this case, it is possible that there is a gap between LBT success occasion and the resource selected for transmission. This can be handled by additional short defer sensing or CP extension to handle the gap. Determination of the starting point of the selection window according to the LBT success occasion can avoid the invalid resource selection as much as possible. Alternatively, the UE may perform resource selection at first and then perform LBT immediately before the selected resource. In this case, the starting point of the resource selection window should take into account the LBT operation time in addition to the processing time T1. Besides, considering the resources are selected before LBT procedure in this case, it may invalidate the selected resources due to potential LBT failure. Therefore, some solutions (e.g., overbooking) should be considered meanwhile for this case.
For the transmission on the reserved resources, the UE may have to determine the trigger time for LBT operation according to the occasion of the reserved resource for transmission. That is, LBT operation is performed up to the reserved resource (i.e., performed some time earlier than the reserved resource for transmission) taking into account LBT counter and the issue of potential LBT failure.
To further study the effect of additional LBT time on the legacy SL Mode 2 resource allocation procedure as described above, we provide the corresponding evaluation results in Figure 1. In this evaluation, 10 pairs of SL-U UE are dropped in an indoor scenario as discussed in RAN1 #109-e meeting [2]. The UE antenna configuration is (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), and dH = dV = 0.5 λ. The selection window in Mode 2 resource allocation is set as 5 TTI, and the max contention window size in LBT channel access equals to 127. The other detailed evaluation configurations can be found in Appendix 1.
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Figure 1. The Average UPT performance of SL-U for Mode 2 resource allocation under the cases of w/ LBT and w/o LBT

It can be observed from Figure 1 that compared with legacy SL Mode 2 resource selection, the introduction of LBT operation can degrade the UPT performance of the system under all cases of low/medium/high BO. Besides, it can be observed that for the case of high BO, the introduction of LBT operation significantly degrades the UPT performance. The reason is that under high BO, the LBT operation will suffer a larger uncertainty time, which further results in more invalidated resources selected by Mode 2 resource allocation. Generally, it can be observed that:
Observation 5: The uncertainty of LBT operation may introduce additional time consumption for legacy Mode 2 resource allocation and thus may invalidate the selected resources and degrade the UPT performance of the system.
Based on the above analysis, evaluation results and the observation, we have the following proposals:

Proposal 5: Study the impact on the timeline for Mode 2 resource allocation procedure due to the additional time for LBT operation.
Proposal 6: Study solutions (e.g., overbooking mechanism, protection margin for LBT) to combat the potential LBT failure in both Mode 1 and Mode 2 resource allocation.
Enhancement between the end of LBT and the start of transmission

For the case that LBT procedure is finished but the SL transmission point has not yet arrived, enhancement between the end of the LBT procedure and the start of the SL transmission should be considered from our point of view. Specifically, Rel-16/Rel-17 SL UE only have the capability to start PSCCH/PSSCH transmission at the granularity of slot. Besides, as discussed in RAN1 #109-e meeting [2], the number of PSCCH/PSSCH transmission starting point(s) for SL-U can be increased within a slot but still have a limited number (e.g., one more additional starting symbol within a slot). As a result, the gap between the LBT finish point and the transmission starting point may be larger than one symbol. For this case, in addition to the CPE operation in legacy NR-U, the other enhancement should be considered to retain the channel as soon as the LBT is finished. For example, the partial slot transmission of PSSCH can be used here to fulfil the gap mentioned above and block the LBT of the other UEs, including the UEs from intra-cell and inter-cell, during this period. 
To illustrate this point, we conduct an evaluation to compare the effect of the following three cases on channel access efficiency and collision ratio:
· Case 1: Coexistence scenario of NR-U and SL-U is evaluated, where both NR-U and SL-U access the channel at the beginning of the next slot after LBT is finished.

· Case 2: Coexistence scenario of NR-U and SL-U is evaluated, where NR-U accesses the channel at the end of the LBT procedure, and SL-U accesses the channel at the beginning of the next slot after LBT is finished.

· Case 3: Coexistence scenario of NR-U and SL-U, where both RATs access the channel at the end of the LBT procedure.

The energy detection threshold of LBT channel access is set close to the background noise of NR-U gNB and SL-U, respectively, which means any detected interference would block the transmission due to busy channel. The other simulation parameters can be found in Appendix 1. The evaluation results of Case 1, 2 and 3 are presented in Figure 2(a), 2(b) and 2(c), respectively.
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(a) Case 1: Both NR-U and SL-U access the channel at the beginning of the next slot (TTI) after LBT is finished.
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(b) Case 2: NR-U accesses the channel at the end of the LBT procedure and SL-U accesses the channel at the beginning of the next slot (TTI) after LBT is finished.
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(c) Case 3: Both NR-U and SL-U access the channel at the end of the LBT procedure.

Figure 2. Illustration of data transmission for coexistence scenario of NR-U and SL-U
In Figure 2, devices with ID 1, 2 and 3 represent NR-U UEs and devices with ID 4, 5 and 6 are SL-U UEs. Different colours and heights are used here to distinguish different device IDs. A total of 10000 TTIs are simulated and the data transmission from 200th TTI to 400th TTI are illustrated in this figure. It can be observed form Figure 2 that compared with slot-based channel access (i.e., access the channel at the beginning of the next slot after LBT is finished), access the channel at the end of the LBT procedure can significantly improve the channel access efficiency and also reduce the collision ratio. The reason is that the device finished LBT procedure earlier can block the channel access of the other UEs by the transmission (e.g., PSSCH) immediately after the LBT procedure is finished.
Observation 6: Occupying the channel at the end of the LBT procedure can improve the channel access efficiency and reduce collision ratio.
Base on the above analysis and observation, we have the following proposal:

Proposal 7: The enhancements (e.g., partial slot transmission of PSSCH) should be considered between the end of LBT procedure and the start of SL transmission to retain the channel.
2.4     FDM operation
Whether/how to perform FDM operation to support transmission of multiple UEs or transmission of the multiple PSCCHs/PSSCHs from the same UE on the same slot may need to be studied. It may further depend on the states of in-COT and Out-of-COT. 

Case 1: FDM over multiple 20MHz bandwidth by the transmissions from multiple UEs

For total bandwidth with multiple 20MHz, FDM can be supported by different UEs operating on the different 20MHz BW (i.e., only one UE transmission per 20MHz in principle) considering the nature of 20MHz LBT sensing bandwidth. 

Case 2: FDM over multiple 20MHz bandwidth by multiple transmissions from the single UE

This can be supported with less spec impact by transmitting multiple PSCCHs/PSSCHs with only one PSCCH/PSSCH per 20MHz bandwidth by the same UE. LBT can be performed per 20MHz with their own counter as NR-U. 

Case 3: FDM within 20MHz bandwidth

Within one 20MHz bandwidth, whether/how to support FDM operation may need to consider in-COT and Out-of-COT operation separately. 

Case 3-1: FDM within 20MHz bandwidth for Out-of-COT operation
The UE may have to access the channels via Type 1 LBT channel access. Considering the nature of 20MHz LBT sensing granularity, it is likely that only one UE can get the chance for access of the 20MHz resources. Moreover, the LBT success occasions for the different UEs may be different due to random LBT counters in Type 1 LBT channel access. Accordingly, it may require the partial slot or CPE transmission to occupy the resource by blocking the other UEs from intra-cell and inter-cell or have the deferred sensing with the risk to lose the access opportunity. For both cases, there seems the slim chance for FDM operation. Thus, it seems no need to support FDM operation within 20MHz bandwidth for the case of Out-of-COT.  

Moreover, if there is no need to support FDM operation for Out-of-COT operation, the frequency location for control channel transmission can be fixed somewhere within 20MHz due to no need of FDM operation. For example, it can be fixed to one sub-channel within (pre-)configured RB set(s). In this way, it can significantly reduce the UE complexity for blind decoding of SCI. For example, supposing 160MHz carrier bandwidth with 10 sub-channels within each 20MHz (i.e., one sub-channel with about 10 RBs using 15KHz SCS), it will require blind decoding for 80 PSCCH transmissions. It significantly complicates the UE implementation and consumes UE power. However, in case of no FDM operation, only one sub-channel for blind decoding of PSCCH transmission is required within 20MHz. In total, it only requires blind decoding for 8 PSCCHs for 160MHz bandwidth. So it is beneficial for the commercial use case which device is sensitive to the cost and power.

Case 3-2: FDM within 20MHz bandwidth for In-COT operation

For in- COT operation, the COT initiator may share the COT for transmissions by the multiple UEs. In this case, if the COT initiator can schedule the transmissions for the multiple UEs like gNB scheduling UEs in NR-U, FDM operation can be more efficient compared to SCI sensing based FDM. Because SCI-sensing based resource selection has no intention to use FDM compared to the scheduling based approach, and the overall system performance may be poor. However, it may require slightly more spec changes.
Observation 7: It is slim chance for FDM operation within 20MHz for out-of-COT operation considering the nature of 20MHz LBT sensing unit, and uncertainty length of LBT and potential CPE operation.

Observation 8: The operation of FDM within 20MHz for out-of-COT may significantly complicate the UE implementation and power consumption for the increased number of blind decoding for PSCCH in frequency domain.

Observation 9: The FDM operation within 20MHz for in-COT operation under the scheduling of the COT initiator can be more efficient compared to the SCI sensing based FDM.
Proposal 8: Study whether/how to support FDM transmissions for in-COT operation considering the spec impact, UE complexity and performance.

2.5     Very low power operation

Very-Low-Power (VLP) operation has been widely used or considered in some regions (e.g., EU/CN/US) for the important 5/6 GHz spectrum as summarized below:

· EU：ECC Decision (20)01 supports Lower Power Indoor (LPI) and VLP devices in 5925~6425MHz. VLP is specified for indoor and outdoor use with max EIRP 14dBm and max PSD -8 dBm/MHz (i.e., 5dBm for 20MHz).
· CN：VLP operation is supported at 5725-5850MHz with max EIRP 14dBm.
· US：So far, it only supports standard and/or LPI devices in 5945~7125MHz. However, it will issue a ruling about VLP device for hotspots and short-range application
Similar to short control signaling mechanism and OCB exemption for the simplification of channel access in time and frequency domain, respectively, VLP can be considered as a power domain approach to meet regulator requirement. 
Considering that commercial use cases such as smart home, personal access network will be focused for SL-U use cases, the low power operation may not cause any coverage problem issue. Instead, VLP essentially may reduce the interference significantly due to the short communication range and more friendly for co-existence subject to the regulator requirements based on extensive studies. Additionally, the VLP operation provides the possibility for on-chip PA implementation to support the low cost/power devices which are dominated/required for the unlicensed spectrum usage. For VLP operation, it may also simplify the implementation since LBT operation may not be necessary and hence make the design and implementation easier, more friendly for the IoT device and fast deployment.  

Therefore, we can see that VLP can be applied to the important short-range communication use cases such as wearable devices, in-car communications, SL-based industry IoT. So, it can make SL-U more competitive in terms of the cost and power consumption. Thus, it is worth studying the potential spec impact and benefits of VLP operation for SL-U.
To illustrate this point, we evaluate the performance of UL NR-U in the coexistence scenario with SL-U under low/medium/high BO of FTP3 traffic type. The Max transmit power of SL-U is set as higher transmit power (i.e., 18dBm, non-VLP) and lower transmit power (i.e., 5dBm, VLP) to see the different effect on the performance of NR-U. For SL-U at higher transmit power, both cases of SL-U with LBT and SL-U without LBT are simulated. For SL-U at lower transmit power, the case of SL-U without LBT is simulated. Besides, for NR-U in all cases, NR-U with LBT is simulated. The antenna array configuration is (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), and dH = dV = 0.5 λ for UE/SAT here and the other simulation configurations can be found in Appendix 1. The simulation results are presented in Figure 3.
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Figure 3. The average UPT of NR-U UL under different cases
The corresponding raw data of the simulation results are organized in Table 1. 
Table 1. Evaluation results of average UPT of NR-U UL under different cases
	Traffic loading
	Low load

BO range for NR-U in 
NR-U + NR-U: 10%~25%
	Medium load

BO range for NR-U in 
NR-U + NR-U: 35%~50%
	High load

BO range for NR-U in 
NR-U + NR-U: above 55%

	Scenario
	NR-U in

NR-U+
NR-U
	NR-U in

NR-U+
SL-U
	NR-U in

NR-U+
NR-U
	NR-U in

NR-U+
SL-U
	NR-U in

NR-U+
NR-U
	NR-U in

NR-U+
SL-U

	SL-U Max Tx power [dBm]
	-
	18
	18
	5
	-
	18
	18
	5
	-
	18
	18
	5

	SL-U LBT
	-
	O
	×
	×
	-
	O
	×
	×
	-
	O
	×
	×

	UPT [Mbps]
	92
	92
	89
	95
	63
	63
	55
	76
	34
	32
	28
	41

	Delay [ms]
	7.21
	7.46
	8.01
	6.73
	22.84
	23.16
	25.39
	9.53
	159
	182
	203
	45.77

	BO
	16%
	19%
	19%
	17%
	35%
	36%
	43%
	35%
	55%
	57%
	58%
	54%


According to the simulation results in Figure 3 and Table 1, we can get the following observations:
Observation 10: LBT is necessary to stabilize system interference especially for non-coordinated SL-U deployment with higher max transmission power (18dBm, non-VLP).
Observation 11: Compared with higher SL-U max transmission power (18dBm, non-VLP), the UPT of NR-U can be improved for the case with lower SL-U max transmission power (5dBm, VLP) in coexistence scenario.
Next, under same configurations, we further provide the UPT performance of SL-U at higher max transmission power (18dBm, non-VLP) and lower max transmission power (5dBm, VLP) in Figure 4.
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Figure 4. The average UPT of SL-U under different cases
The corresponding raw data of the simulation results are organized in Table 2. 
Table 2. Evaluation results of average UPT of SL-U under different cases
	Traffic loading
	Low load

BO range for NR-U in 
NR-U + NR-U: 10%~25%
	Medium load

BO range for NR-U in 
NR-U + NR-U: 35%~50%
	High load

BO range for NR-U in 
NR-U + NR-U: above 55%

	Scenario
	SL-U in NR-U + SL-U

	SL-U Max Tx power [dBm]
	18
	5
	5
	18
	5
	5
	18
	5
	5

	SL-U LBT
	O
	O
	×
	O
	O
	×
	O
	O
	×

	UPT [Mbps]
	72
	68
	101
	33
	24
	71
	15
	11
	49

	Delay [ms]
	10.3
	10.6
	5.9
	56.7
	132
	9.4
	370
	528
	16.7

	BO
	16%
	15%
	8%
	63%
	75%
	29%
	89%
	90%
	56%


It can be observed from Figure 4 that the UPT performance of SL-U in the coexistence scenario can achieve highest value under the case of lower max transmission power (5dBm, VLP) and no LBT operation. The reason is that in this case, SL-U can enjoy lowest latency compared to the other cases and also guarantee a lower interference, which further improves the UPT performance of SL-U.
Observation 12: Compared to higher SL-U max transmission power (18dBm, non-VLP), the UPT performance of SL-U can be improved for the case of lower SL-U max transmission power (5dBm, VLP) together with no LBT operation in the coexistence scenario.

Additionally, the XR clouding gaming traffic [5] is also simulated to further evaluate the ability of SL-UVLP to support XR traffic type. The data rate of XR used in the simulation is 30Mbps. The PER and PDB are set as 99% and 15ms, respectively. According to TR38.838, UE satisfaction and system capacity are used as the performance metric for XR traffic evaluation, which is also detailed below [5]:
· UE satisfaction: A UE is declared as a satisfied UE if all the considered streams meet their own PER and PDB requirements, i.e., more than a certain percentage of packets are successfully transmitted within a given air interface PDB.

· System capacity: System capacity is identified as KPI for capacity study, which is defined as the maximum number of users per cell with at least Y% of UEs being satisfied, where Y=90 (baseline) or 95 (optional).
The evaluation results of SL-U in the modes of non-VLP (i.e., 18dBm max transmission power) and VLP (i.e., 5dBm max transmission power) are presented in Figure 5 and Figure 6, respectively. Besides, in Figure 6, we also provide the evaluation results of “decode 1 SCI” and “decode 2 SCI” to compare the effect of the decoded SCI number on the performance of XR traffic. 
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Figure 5. Satisfied UE rate of XR traffic for SL-U @18dBm with LBT operation
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Figure 6. Satisfied UE rate of XR traffic for SL-U @5dBm without LBT operation under different SCI decoding number

It can be observed from Figure 5 that for the case SL-U max transmission power is 18dBm and LBT operation is executed, the satisfied UE rate can meet the requirement of 95% only when the SL-U pair number is relatively small (i.e., 1 to 3 pairs in Figure 5). While with the increased pair number of SL-U, the satisfied UE rate will degrade significantly (i.e., 4 to 6 pairs in Figure 5) due to the increased latency and interference. In Figure 6, it can be observed that for the case that SL-U max transmission power is 5dBm and LBT operation does not executed, the satisfied UE rate can meet the requirement of 95% even with the SL-U pairs number is relatively large (i.e., 4 to 8 pairs in Figure 6). Besides, if the SCI decoding number can be increased from 1 to 2, the satisfied UE rate can be further increased and meet the requirement of 95% even with the SL-U pairs number is large (i.e., 9 and 10 pairs in Figure 6).
Observation 13: Compared with SL-U with higher max transmission power (18dBm, non-VLP), the SL-U with lower max transmission power (5dBm, VLP) can better support XR traffic with an increased UE satisfaction rate and system capacity.
Observation 14: Compared with SL-U with 1 SCI decoding number, 2 SCI decoding number can improve the UE satisfaction rate and system capacity especially for larger SL-U pair number.

The above evaluation results and observations motivate the following proposal:
Proposal 9: Study support of very low power (VLP) operation for SL-U.
2.6     Coexistence evaluation for NR-U and SL-U

In RAN1 #109-e meeting [2], the evaluation methodology for SL-U is extensively discussed:

Evaluation scenario:
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· A pairs-wise topology of indoor layout.
· a = 20m, b = 60m, c = 20m, d = 80 m.
· There are two operators to model two RATs at a time. The red one is SL-U UE, the blue one is another RAT operated on the unlicensed bands (e.g., NR-U or Wi-Fi).
· The topology of SL-U is pair topology and the SL-U UEs are dropped uniformly at random in the area.
· For NR-U/Wi-Fi, 5 UEs/STAs associated per each gNB/AP per 20 MHz.
· For SL-U pairs: 3, 5 or 10 pairs of UEs per 20MHz.
· The same number of traffic flows is used between SL-U and the interfering RAT (e.g., NR-U or Wi-Fi).
In this section, the above pair-wise topology is adopted to evaluate the coexistence performance between SL-U and another RAT (e.g., NR-U or WiFi) in indoor scenario at 5GHz. The evaluation methodology from [4] is used in the following evaluations. It is regarded as fair coexistence if the UPT of NR-U or Wi-Fi operator is not degraded when the coexisting operator is replaced with SL-U. Different BO of 15%, 35% and 55% are simulated to show the coexistence performance under low/medium/high traffic load, respectively. Energy detection threshold for NR-U and SL-U is configured as -72dBm and the max transmission power of SL-U is 18dBm. Both NR-U and SL-U should execute LBT procedure before they can access the channel. The other detailed simulation configurations are listed in Appendix 1.
Different coexistence scenarios including NR-U + NR-U, NR-U + SL-U, and SL-U + SL-U are evaluated, where the UPT performance of NR-U UL and SL-U is provided. Both NR-U and SL-U can start transmission at the end of LBT procedure. For NR-U, the COT is initiated by gNB and then shared to UE for UL transmission. Different SL-U pairing RSRP thresholds of -82dB and -72dBm are simulated to evaluate the corresponding effect on the performance of NR-U and SL-U, and the corresponding simulation results are presented in Figure 7 and Figure 8, respectively. Besides, the detailed raw data of Figure 7 and Figure 8 can be found at Table 3 and Table 4, respectively.
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Figure 7. Average UPT for NR-U/SL-U coexistence scenario with -82dBm SL-U pairing RSRP
Table 3. Coexistence results of NR-U and SL-U in indoor scenario with -82dBm SL-U pairing RSRP threshold

	Reported parameters
	Low load

BO range for NR-U in 
NR-U + NR-U: 10%~25%
	Medium load

BO range for NR-U in 
NR-U + NR-U: 35%~50%
	High load

BO range for NR-U in 
NR-U + NR-U: above 55%

	
	NR-U in

NR-U+
NR-U
	NR-U in

NR-U+
SL-U
	SL-U in

NR-U+
SL-U
	SL-U in

SL-U+

SL-U
	NR-U in

NR-U+
NR-U
	NR-U in

NR-U+
SL-U
	SL-U in

NR-U+
SL-U
	SL-U in

SL-U+

SL-U
	NR-U in

NR-U+
NR-U
	NR-U in

NR-U+
SL-U
	SL-U in

NR-U+
SL-U
	SL-U in

SL-U+

SL-U

	UL:
UPT CDF

[Mbps]
	5%
	73.2
	78.4
	62.6
	58.1
	34.5
	35.2
	4.2
	2.8
	2.8
	1.7
	0.8
	1.5

	
	50%
	97.2
	88.4
	68.9
	70.3
	69.4
	50.5
	30.0
	19.9
	35.1
	3.4
	3.1
	3.0

	
	95%
	111.1
	102.9
	85.2
	85.9
	98.7
	94.6
	70.3
	33.6
	85.3
	78.5
	51.6
	12.9

	
	Mean
	91.7
	91.0
	72.3
	69.8
	63.5
	63.3
	33.3
	16.3
	34.1
	31.8
	15.7
	3.8

	UL:
Delay CDF

[ms]
	5%
	5.25
	5.81
	7.80
	7.44
	6.12
	6.82
	10.04
	33.52
	6.94
	9.19
	15.11
	108.5

	
	50%
	7.85
	7.43
	11.12
	10.96
	23.65
	16.13
	34.62
	116.2
	133.1
	200.9
	241.0
	420.4

	
	95%
	9.6
	10.14
	12.89
	13.59
	70.56
	34.21
	151.9
	373.1
	423.5
	467.8
	906.0
	724.5

	
	Mean
	7.21
	7.46
	10.30
	10.69
	22.81
	23.16
	56.74
	129.9
	166.5
	181.6
	370.8
	391.7

	BO
	16%
	18%
	16%
	17%
	35%
	36%
	63%
	84%
	55%
	57%
	89%
	99%

	𝜆
	20 files/s
	42 files/s
	64 files/s


It can be observed from Figure 7 and Table 3 that when the coexisting operator is changed from NR-U to SL-U, the fairness is achieved from a similar UPT performance of NR-U UL. The major reason makes the fairness can be achieved is that for NR-U, the gNB can enjoy a more relaxed noise figure value against SL-U UE (5dB vs. 9dB in the evaluation), which increases the opportunity of channel access for NR-U when coexistence with SL-U nodes. In other words, compared to NR-U system with gNB as COT initiator, SL-U is a system with less offensiveness. 

Additionally, it can also be observed that the UPT performance of SL-U is lower than that of NR-U when the max transmission power is set as 18dBm. However, as described is section 2.5, when SL-U can be operated under VLP mode, the UPT performance can achieve a similar level with that of NR-U.
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Figure 8. Average UPT for NR-U/SL-U coexistence scenario with -82dBm SL-U pairing RSRP
Table 4. Coexistence results of NR-U and SL-U in indoor scenario with -72dBm SL-U pairing RSRP threshold

	Reported parameters
	Low load

BO range for NR-U in 
NR-U + NR-U: 10%~25%
	Medium load

BO range for NR-U in 
NR-U + NR-U: 35%~50%
	High load

BO range for NR-U in 
NR-U + NR-U: above 55%

	
	NR-U in

NR-U+
NR-U
	NR-U in

NR-U+
SL-U
	SL-U in

NR-U+
SL-U
	SL-U in

SL-U+

SL-U
	NR-U in

NR-U+
NR-U
	NR-U in

NR-U+
SL-U
	SL-U in

NR-U+
SL-U
	SL-U in

SL-U+

SL-U
	NR-U in

NR-U+
NR-U
	NR-U in

NR-U+
SL-U
	SL-U in

NR-U+
SL-U
	SL-U in

SL-U+

SL-U

	UL:
UPT CDF

[Mbps]
	5%
	73.2
	87.2
	63.8
	63.7
	34.5
	57.8
	3.2
	2.1
	2.8
	10.0
	1.1
	1.4

	
	50%
	97.2
	95.4
	69.9
	81.0
	69.4
	70.5
	17.1
	22.8
	35.1
	28.7
	2.3
	4.8

	
	95%
	111.1
	102.9
	93.2
	91.0
	98.7
	94.3
	83.3
	83.7
	85.3
	78.8
	68.3
	70.7

	
	Mean
	91.7
	95.0
	76.7
	76.0
	63.5
	75.7
	34.2
	29.3
	34.1
	42.5
	20.4
	16.2

	UL:
Delay CDF

[ms]
	5%
	5.25
	5.81
	6.77
	6.75
	6.12
	6.83
	7.86
	7.85
	6.94
	9.15
	10.4
	10.4

	
	50%
	7.85
	6.65
	10.8
	9.17
	23.65
	9.61
	52.0
	84.3
	133.1
	32.5
	385.3
	312.0

	
	95%
	9.6
	7.77
	12.4
	12.3
	70.56
	13.1
	257.1
	385.9
	423.5
	118.6
	849.6
	821.2

	
	Mean
	7.21
	6.73
	9.87
	9.40
	22.81
	9.51
	106.6
	121.6
	166.5
	43.4
	419.8
	334.4

	BO
	16%
	17%
	14%
	15%
	35%
	36%
	68%
	70%
	55%
	54%
	72%
	89%

	𝜆
	20 files/s
	42 files/s
	64 files/s


It can be observed from Figure 8 and Table 4 that with a higher SL-U pairing RSRP threshold (i.e., from -82dBm to -72dBm), the fairness between NR-U and SL-U can be better guaranteed. Besides, the UPT performance of SL-U in both case of SL-U + SL-U and NR-U + SL-U can also be improved. The major reason is that a higher SL-U pairing RSRP threshold results in a tighter coverage of SL-U, which further reduces the interference from SL-U when it coexists with NR-U and also improve the link quality between the pairs of SL-U.

Observation 15: In indoor scenario with symmetric traffic at low/medium/high traffic loads in 20MHz bandwidth at 5GHz, the evaluation results of UPT show that the fairness coexistence between NR-U and SL-U can be achieved.
Observation 16: SL-U with higher pairing RSRP threshold (e.g., -72dBm) can improve the UPT performance of both NR-U and SL-U compared with SL-U with lower pairing RSRP threshold (e.g., -82dBm) in the coexistence evaluation.
3      Summary

Observation 1: The CAPC in SL-U can be mapped from PQI with the following two options:

· Option 1: Indirectly mapped from PQI with 5QI as an intermediary.

· Option 2: Directly mapped from PQI with a new defined mapping relation between CAPC and PQI.



 REF a2 \h 

Observation 2: It should be clarified at first that the work to determine CAPC (e.g., the mapping relation between CAPC and PQI) should be conducted in which WG.


 REF a3 \h 

Proposal 1: Study how to introduce COT indicator to provide at least the information about COT position, COT duration and bandwidth of the initiated COT for the cases of single and multiple channel access. 



 REF a4 \h 

Proposal 2: Support PSFCH/PSCCH/PSSCH transmissions within a shared COT at least including the transmissions to the COT initiator. 


Observation 3: For COT sharing, it may be more efficient to utilize the shared COT in the style of scheduling (e.g., multiple UEs can be scheduled by the COT initiator to use a shared COT in the way of FDM).



 REF a6 \h 

Proposal 3: Study whether or how to support COT sharing in the way of scheduling.


 REF a7 \h 

Observation 4: The uncertainty of LBT operation may introduce additional time consumption for legacy Mode 1 resource allocation procedure and thus may invalidate the allocated resources. 



 REF a8 \h 

Proposal 4: Study the impact on the timeline for Mode 1 resource allocation procedure due to the additional time for LBT operation.



 REF a9 \h 

Observation 5: The uncertainty of LBT operation may introduce additional time consumption for legacy Mode 2 resource allocation and thus may invalidate the selected resources and degrade the UPT performance of the system.


 REF a10 \h 

Proposal 5: Study the impact on the timeline for Mode 2 resource allocation procedure due to the additional time for LBT operation.



 REF a11 \h 

Proposal 6: Study solutions (e.g., overbooking mechanism, protection margin for LBT) to combat the potential LBT failure in both Mode 1 and Mode 2 resource allocation.

Observation 6: Occupying the channel at the end of the LBT procedure can improve the channel access efficiency and reduce collision ratio.

Proposal 7: The enhancements (e.g., partial slot transmission of PSSCH) should be considered between the end of LBT procedure and the start of SL transmission to retain the channel.



 REF a13 \h 

Observation 7: It is slim chance for FDM operation within 20MHz for out-of-COT operation considering the nature of 20MHz LBT sensing unit, and uncertainty length of LBT and potential CPE operation.



 REF a14 \h 

Observation 8: The operation of FDM within 20MHz for out-of-COT may significantly complicate the UE implementation and power consumption for the increased number of blind decoding for PSCCH in frequency domain.



 REF a15 \h 

Observation 9: The FDM operation within 20MHz for in-COT operation under the scheduling of the COT initiator can be more efficient compared to the SCI sensing based FDM.


 REF a16 \h 

Proposal 8: Study whether/how to support FDM transmissions for in-COT operation considering the spec impact, UE complexity and performance.



 REF a17 \h 

According to the simulation results in Figure 3 and Table 1, we can get the following observations:
Observation 10: LBT is necessary to stabilize system interference especially for non-coordinated SL-U deployment with higher max transmission power (18dBm, non-VLP).


 REF a18 \h 

Observation 11: Compared with higher SL-U max transmission power (18dBm, non-VLP), the UPT of NR-U can be improved for the case with lower SL-U max transmission power (5dBm, VLP) in coexistence scenario.


 REF a19 \h 

Observation 12: Compared to higher SL-U max transmission power (18dBm, non-VLP), the UPT performance of SL-U can be improved for the case of lower SL-U max transmission power (5dBm, VLP) together with no LBT operation in the coexistence scenario.



 REF a20 \h 

Observation 13: Compared with SL-U with higher max transmission power (18dBm, non-VLP), the SL-U with lower max transmission power (5dBm, VLP) can better support XR traffic with an increased UE satisfaction rate and system capacity.



 REF a21 \h 

Observation 14: Compared with SL-U with 1 SCI decoding number, 2 SCI decoding number can improve the UE satisfaction rate and system capacity especially for larger SL-U pair number.



 REF a22 \h 

Proposal 9: Study support of very low power (VLP) operation for SL-U.


 REF a23 \h 

Observation 15: In indoor scenario with symmetric traffic at low/medium/high traffic loads in 20MHz bandwidth at 5GHz, the evaluation results of UPT show that the fairness coexistence between NR-U and SL-U can be achieved.



 REF a24 \h 

Observation 16: SL-U with higher pairing RSRP threshold (e.g., -72dBm) can improve the UPT performance of both NR-U and SL-U compared with SL-U with lower pairing RSRP threshold (e.g., -82dBm) in the coexistence evaluation.
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[3] 3GPP TR 37.213, Physical layer procedures for shared spectrum channel access
[4] 3GPP TR 38.889, Study on NR-based access to unlicensed spectrum
[5] 3GPP TR 38.838, Study on XR (Extended Reality) evaluations for NR
Appendix 1 
Table 5. Summary of evaluation configurations for indoor scenario at 5GHz
	Layout for nodes
	Layout dimensions: 120mx80m

[image: image12.png]



a=20 meters, b=40 meters, c=20 meters, and d=40 meters

	Carrier frequency 
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline

	Number of carriers
	1

	Number of users per operator
	Operator 1 (NR-U/WiFi): 5 UEs/STAs associated per each gNB/AP per 20 MHz.

Operator 2 (SL-U pairs): 3, 5, or 10 pairs of UEs per 20 MHz.

	SCS
	30KHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm 

	NR-U UE/STA Tx Power
	18dBm

	SL-U UE Tx Power
	18dBm

5dBm (for the evaluation of VLP)

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for NR-U UE dropping
	-82dBm

	SL-U pairing RSRP threshold
	-82dBm or -72dBm

	CCA-ED
	-72dBm

	Max COT length
	6ms

	UE receiver
	MMSE-IRC 

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

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

	Traffic model
	Use 36.889 Table A.1.1. 

Note: Results based on the mixed traffic models can be used to determine the design.

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

	gNB to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability
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