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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
The revised WID for NR sidelink evolution has been approved in RAN#94e [1]. The channel access mechanisms and the physical channel design framework for sidelink on unlicensed spectrum were agreed for further investigation:
1. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
In this contribution, we will discuss the channel access mechanisms for sidelink on unlicensed spectrum.
2. Discussion 
In this section, the essential issues as well as potential solutions to enable SL transmission on unlicensed spectrum are discussed.
2.1. [bookmark: _Ref47611271][bookmark: _Ref47611245]FBE and LBE 
In unlicensed spectrum, there are two types of channel access mechanism, i.e., Frame Based Equipment (FBE) and Load based Equipment (LBE).  
Frame Based Equipment as shown in Figure 1 performs transmission/reception based on a frame structure which has a periodic timing with a periodicity equal to the Fixed Frame Period. The Fixed Frame Period includes   Observation Slot, Channel Occupancy Time, and Idle Period. The Observation Slot shall have a duration of not less than 9 μs. The Channel Occupancy Time shall not be greater than 95 % of the Fixed Frame Period and shall be followed by an Idle Period until the start of the next Fixed Frame Period such that the Idle Period is at least 5 % of the Channel Occupancy Time, with a minimum of 100 μs. 
FBE based operation is suitable for controlled scenario, where LBE equipment are absent. It has very short sensing time and fixed transmission starting position. The aligned FFPs among devices are beneficial to increase the spectrum efficiency by simultaneous transmissions from different devices.



[bookmark: _Ref101531479]Figure 1 FBE
Load based Equipment performs LBT with backoff mechanism, i.e., Type 1 channel access procedure. Device can transmit whenever the channel is sensed as idle. When the channel is sensed as busy during the LBT procedure, device can continuously perform CCA until the selected backoff counter reaches zero. LBE has no fixed frame structure. The channel occupancy time depends on the channel access priority class as shown in Table 1. When device accesses the channel with low priority, e.g., p=4, the MCOT may be 6ms or 10ms depending on if any other RATs are available. If important information needs to be transmitted, device can use a higher priority to access the channel, e.g., p=1. In the case, the maximum contention window size is very small, i.e., 7, thus the LBT procedure is expected to succeed quickly, at the cost of shorter MCOT compared with that of lower channel access priority classes.
LBE is a very flexible scheme, where devices can access the channel with different priorities and different MCOTs. At the meantime, the channel available time is uncertain. Most of the devices in sub-7GHz use LBE mechanism to access the channel
[bookmark: _Ref101715244]Table 1: Channel Access Priority Class (CAPC) for UL
	Channel Access Priority Class ()
	
	
	
	
	allowed  sizes

	1
	2
	3
	7
	2 ms
	{3,7}

	2
	2
	7
	15
	4 ms
	{7,15}

	3
	3
	15
	1023
	6ms or 10 ms 
	{15,31,63,127,255,511,1023}

	4
	7
	15
	1023
	6ms or 10 ms
	{15,31,63,127,255,511,1023}

	NOTE1:	For ,  if the higher layer parameter absenceOfAnyOtherTechnology-r14 or absenceOfAnyOtherTechnology-r16 is provided, otherwise, . 
NOTE 2:	When  it may be increased to  by inserting one or more gaps. The minimum duration of a gap shall be . The maximum duration before including any such gap shall be . 



Based on above discussion, the applicable scenario of LBE and FBE channel access mechanisms are different, therefore both LBT and FBE can be considered for SL transmissions on unlicensed spectrum.
[bookmark: _Ref102151235]Proposal 1: Support both FBE and LBE based operations for SL transmission on unlicensed band.
2.2. LBT procedure for sidelink transmission 
There are 4 types of channel access procedures in unlicensed band, i.e., Type 1, Type 2A, Type 2B and Type 2C. Type 1 channel access is a channel access procedure with backoff mechanism. Type 1 channel access procedure can be applied to any transmission on the unlicensed spectrum to initiated a COT. Type 2A channel access procedure can be applied to discovery burst transmission or transmissions within a shared COT where gaps between two transmissions are larger than 25us. Type 2B and Type 2C channel access procedures are applied to transmissions within the shared COT where gaps between two transmissions are 16us or less than 16us. 
For SL transmission, UE can apply Type 1 channel access procedure to access the channel for PSCCH/PSSCH. However, to enhance channel access probability, it should be discussed when Type 2A channel access procedure can be applied. For example, for PSFCH transmission, which contains only feedback information and with only 2 symbols, Type 2A channel access can be considered to enhance the channel access possibility. Similarly, for S-SSB transmission, Type 2A can also be applied to enhance the channel access possibility. Moreover, for PSCCH/PSSCH/PSFCH transmission, Type 2A/2B/2C channel access can be considered in case that COT sharing mechanism is supported for SL, e.g., Tx UE#2 accesses the channel with Type 1 channel access procedure, and Tx UE#2 transmit PSCCH/PSSCH within the shared COT with Type 2A/2B/2C channel access procedure.
[bookmark: _Ref102151237]Proposal 2: Support Type 2A channel access for PSFCH transmission and S-SSB transmission.
[bookmark: _Ref102151238]Proposal 3: Support Type 2A/2B/2C channel access for PSCCH/PSSCH in case of COT sharing between UEs.
Moreover, for mode-1 UE operating on unlicensed band, gNB on licensed band may provide some guidance to coordinate SL transmissions between UEs, or to coordinate Uu and SL transmissions. However, as the gNB is not a responder to the scheduled SL transmissions, a mode-1 UE cannot rely on the gNB to share the COT to the UE. In other words, the UE should perform LBT prior to the scheduled resource. If the LBT successes/fails, whether/how the gNB should be notified of the LBT failure should be investigated, in order that gNB can schedule additional transmission resource to the UE. 
[bookmark: _Ref102151436]Observation 1: Mode-1 UE still has to perform LBT for the scheduled resources, only after it successfully accesses to the channel, can it transmit on the scheduled resources.
2.3. COT sharing mechanism
In NRU, there are two types of COT sharing. One is that UE shares the gNB-initiated COT, while the other is that gNB shares the UE-initiated COT. For SL operation on unlicensed band, most of the transmissions are between UEs. Therefore, it is desirable that UE shares UE-initiated COT should be supported. Since there is no COT sharing mechanism between UEs in NRU, RAN1 should further study how to enable UE-to-UE COT sharing mechanism. For example, the UE-to-gNB COT sharing can be considered as baseline since UE is the COT initiator. For UE-to-gNB COT sharing, if a gNB shares a channel occupancy initiated by a UE using, the gNB may transmit a transmission that follows a UL transmission on scheduled resources or a PUSCH transmission on configured resources by the UE after a gap as follows:
-	The transmission shall contain transmission to the UE that initiated the channel occupancy and can include non-unicast and/or unicast transmissions where any unicast transmission that includes user plane data is only transmitted to the UE that initiated the channel occupancy. 
-	If the higher layer parameters ul-toDL-COT-SharingED-Threshold-r16 is not provided, the transmission shall not include any unicast transmissions with user plane data and the transmission duration is not more than the duration of 2, 4 and 8 symbols for subcarrier spacing of 15, 30 and 60 kHz of the corresponding channel, respectively. 
-	If the gap is up to , the gNB can transmit the transmission on the channel after performing Type 2C DL channel access.
-	If the gap is   or , the gNB can transmit the transmission on the channel after performing Type 2A or Type 2B DL channel access procedures, respectively.
For SL transmission, the NRU COT sharing mechanism cannot be directly applied. Firstly, the transmit power of UEs are at the similar level, therefore, ul-toDL-COT-SharingED-Threshold-r16 is not necessary for UE-to-UE COT sharing. UE does not need to use a different transmit power to determine the EDT and indicate to the COT initiator UE. Furthermore, the UE’s COT can be informed to all proximity-UEs instead of a single gNB, RAN1 should further study which UEs can share the COT, e.g., any UE in the proximity of the COT initiating UE or the destination UE(s) of the UE that initiated the COT.
[bookmark: _Ref102151240]Proposal 4: UT-to-UE COT sharing is supported in SL, and the details can be further studied, including which UE(s) can share the COT and how to determine the COT sharing ED threshold. 
2.4. Resource allocation and inter-UE blocking
Regarding the SL resource allocation on unlicensed spectrum, the legacy NR SL resource allocation mechanism can be starting point, since the mode 1 and mode 2 SL resource allocation mechanisms have been proved to be efficient and reliable. For transmission on unlicensed spectrum, UE performs LBT before transmission based on LBE or FBE channel access mechanism. 
[bookmark: _Ref102151242]Proposal 5: The existing SL resource allocation mechanisms (slot-based transmission and reservation) are the starting point for SL resource allocation on unlicensed band.

Some preliminary evaluation results for SL on unlicensed band, by applying either LBE or FBE channel access mechanism on the mode-2 resource allocation, are provided. The basic evaluation methodologies are defined as in section 3, and the detailed simulation assumptions are provided in Annex.
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Figure 2: Average PRR of unicast
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Figure 3:  Average PRR of groupcast 


It can be observed that FBE-based mode-2 scheme can coexist with WIFI and works well when the traffic load is low. When the WIFI traffic load increases, the PRR performance for both FBE and LBE based schemes becomes worse, however the FBE-based scheme still outperforms the LBE-based scheme. Several reasons incur such phenomenon. Firstly, the channel access rate of SL UEs degrades dramatically due to the slot-based resource allocation mechanism, which results in significantly less potential access occasion compared with WIFI, i.e., ~1/14, as Tx occasion is only available at the beginning of a slot. Secondly, the channel occupation duration is limited for SL UE, regardless of how LBT is performed and which CAPC is applied, the maximum COT is only one slot, again due to the slot-based resource allocation mechanism, with a GP symbol between every two slots. Further and most important, the FBE-based scheme outperforms the LBE-based scheme, due to the inter SL UE blocking issue as elaborated below.
Inter-UE blocking
[bookmark: _GoBack]UE detects channel busy if there is any other transmission during the LBT duration, including other SL UEs that originally may be multiplexed in the channel with the transmitting UE, e.g., in FDM manner. Such issue is called as inter-UE blocking. The inter-UE blocking issue severely reduces the probability for SL UE to access the channel using LBE, and consequently dramatically degrade the spectrum efficiency as well as NR SL performance. For example, as illustrated in Figure 4, when each SL transmission occupies only a part of the frequency resource, the inter-UE blocking issue may prevent the UEs to multiplex together. Consequently, if one UE is going to perform SL transmission, the UE has rare change to access the channel since it always detects channel busy. On the other hand, it is noted that there is no inter-UE blocking issue among SL UEs for FBE scheme, because every SL UE performs the CCA at the same time (before the fixed frame period) and thus can access the channel simultaneously.
[image: ]
[bookmark: _Ref102151624]Figure 4 inter-UE blocking
[bookmark: _Ref102151428]Observation 2: The PRR performance of mode-2 schemes degrades dramatically due to less potential channel access occasion (only available at the beginning of a slot) and limited maximum COT (only one slot) caused by the slot-based resource allocation mechanism.
[bookmark: _Ref102151430]Observation 3: The FBE-based scheme outperforms the LBE-based scheme with slot-based resource allocation mechanism, due to the inter SL UE blocking issue.
To handle the performance degradation due to the less potential channel access occasion and limited maximum COT, solutions to allow flexible channel access timing and longer channel occupation duration will be discussed in section 2.5 and 2.6.
To mitigate the inter-UE blocking issue between SL UEs, there would be multiple solutions as following:
· Alt.1: TDM transmissions for SL UEs, i.e., each SL transmission occupies the whole bandwidth and relatively short time duration. However, this approach requires a brand-new resource allocation mechanisms and physical layer structure designs for NR SL, resulting in significant design efforts and specification impacts.
· Alt.2: Resource collision between SL UEs is addressed solely based on existing SL resource allocation procedure. LBT mechanism is used only to avoid transmission collision from other RAT/system(s), i.e., when SL UE detects another SL UE’s transmission in LBT procedure, the UE can still deem channel free.
Some preliminary evaluations are performed to show effectiveness of the above solution Alt.2 to address the inter UE blocking issue. In the simulation, SL UE deems LBT failure only if the UE detects WIFI transmission during the LBT duration. From Figure 5 and Figure 6, it can be observed that, when Alt.2 is used (i.e., LBE-case 2 in the figure), the performance of LBE based channel access increase significantly. 
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[bookmark: _Ref102150725]Figure 5: Average PRR of unicast
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[bookmark: _Ref102150727]Figure 6: Average PRR of groupcast


[bookmark: _Ref102151243]Proposal 6: Address the inter-UE blocking issue for SL transmission on unlicensed spectrum.
[bookmark: _Ref102151245]Proposal 7: SL UE deems channel busy only if the UE detects WIFI transmission during the LBT duration, the energy detection in LBT procedure should not consider the SL transmissions.
2.5. [bookmark: _Ref102150311]Longer channel occupation duration
Based on regulation, UE can perform consecutive transmissions in a COT if LBT succeeds. However, if the transmissions are not consecutive in time, UE has to performs a new LBT procedure to obtain a new COT for the transmission. To increase the channel access probability, it is preferred for SL UE to perform consecutive SL transmission in a COT.
[bookmark: _Ref102151390]Observation 4: Consecutive transmissions in a COT does not requires additional LBT procedure.
To achieve the consecutive SL transmission in a COT, resource allocation mechanism should be enhanced based on aggregated slots, e.g., for mode 1, dynamic grant and configured grant should be able to schedule a set of consecutive slots; for mode 2, resource selection and resource reservation should be performed based on multi-slot candidate resource. 
[bookmark: _Ref102151248]Proposal 8: Study how mode 1 and mode 2 resource allocation procedure is able to allocate a set of consecutive slots to SL UE.
2.6. [bookmark: _Ref102150314]Flexible channel access timing
For transmission on unlicensed band, SL UE competes transmission opportunities with devices of other system(s). Since Rel-16/Rel-17 SL transmission is slot-based transmission, SL UE has chance to access the channel only when the devices of other system(s) stop transmissions before the slot starting boundary. 
In order to increase the chance for SL UE to get the transmission opportunities, more frequent channel access instants are beneficial for the SL system. One approach to achieve such purpose is to introduce multiple starting points for SL transmission, e.g., SL mini-slot, then SL UE can start transmission at any of the starting symbols. Another approach is to configure higher SCS for SL operation on unlicensed band.
[bookmark: _Ref102151381]Observation 5: Frequent channel access opportunities may help to increase the channel access change of SL, such as introducing multiple starting symbols in a slot for SL transmission (e.g., mini-slot based transmission), higher SCS configuration, etc.
However, such approach may have many issues to be resolved. For the design of the enhanced slot structure, the legacy slot structure should be maximumly reused to meet SL transmission requirement, i.e., the starting symbol should contain ACG signal, and the ending symbol should contain gap. Moreover, PSCCH should be inserted in each mini-slot transmission opportunity to assist the data decoding, which requires the SL UE to perform additional PSCCH blind decoding in every transmission occasion. 
[bookmark: _Ref102151382]Observation 6: The AGC overhead and PSCCH decoding complexity would increase, when introducing multiple starting symbols in a slot or mini-slot based transmission for SL transmission.
When SL transmission can be FDMed within 20MHz bandwidth, the transmission starting from different starting symbols may block each other, i.e., a SL transmission in frequency resource #1&starting symbol#1 will block the SL transmission in frequency resource #2&starting symbol#2. Such inter-UE blocking issue should be addressed when introducing multiple starting symbols in a slot for SL transmission. 
[image: ] 
[bookmark: _Ref102151384]Observation 7: SL transmission starting from an earlier starting symbol of a given slot would block the SL transmission starting from a later starting symbol in the same slot.
3. Discussion on evaluation methodology 
In this section, several essential issues on the evaluation methodology for unlicensed spectrum are discussed, including deployment of SL UE and WIFI node, channel model, traffic model and performance metric, etc.
According to the WID on NR sidelink evolution [1], SL operation on the unlicensed spectrum is not only applied to V2X use case, but also to the commercial use case, e.g., communication among the wearable devices or XR gaming service. Therefore, the evaluation scenario should not be limited to outdoor only, indoor scenario is also important for evaluation.
[bookmark: _Ref47364811][bookmark: _Ref101027627]Proposal 9: Evaluation for SL operation on unlicensed spectrum should cover both indoor and outdoor scenario.
3.1 Scenario deployment
Considering that the urban street scenario based on Manhattan model shown in Figure 7 has been defined in [2] for sidelink evaluation, therefore, this layout of network can be applied to the outdoor scenario.

[image: ]
[bookmark: _Ref101026309]Figure 7 network topology of Manhattan model
Besides deployment method of UE and BS, the deployment of WIFI node and WIFI UE should also be taken into account. For example, RSU deployed in the center of intersection can be replaced by the WIFI node, where the WIFI nodes are deployed along the sidewalk with an appropriate density, e.g., 50m., to satisfy the coverage requirement of WIFI. Moreover, the deployment of pedestrian UE according to the evaluation methodology defined in TR37.885 can be considered for WIFI UE deployment, e.g., the pedestrian UE can be selected randomly as the WIFI UE.
[bookmark: _Ref101027634][bookmark: _Hlk100844994]Proposal 10: For outdoor scenario, urban street scenario based on Manhattan model defined in TR37.885 is used.  
[bookmark: _Ref101027637]Proposal 11: For outdoor scenario, RAN1 should define deployment method for WIFI node and WIFI UE, e.g., the WIFI node is modelled as RSU and WIFI UE is modelled as pedestrian UE.
[image: ]

[bookmark: _Ref101026265]Figure 8 layout of indoor office
For indoor scenario, since the layout of office indoor network defined in TR38.901 has been applied to the evaluation of NR-U in R16, it can be reused for the evaluation of sidelink unlicensed, which is shown in Figure 8. Partial BS can be regarded as the WIFI node, e.g., the BSs and WIFI nodes are evenly distributed. The deployment method for UE can be also reused for WIFI UE deployment, e.g., the UE is randomly selected as WIFI UE or sidelink UE.
[bookmark: _Ref101027641][bookmark: _Hlk100846561][bookmark: _Hlk100856475]Proposal 12: For indoor scenario, office indoor scenario defined in TR38.901 is used.
[bookmark: _Ref101027645]Proposal 13: For indoor scenario, partial BSs are replaced by WIFI nodes, and the dropped UE is selected randomly as WIFI UE or sidelink UE.
3.2 Channel model
Firstly, for both indoor and outdoor scenario, channel model for the link of sidelink UE to sidelink UE, WIFI node to sidelink UE, WIFI UE to sidelink UE, WIFI node to WIFI UE and WIFI node to WIFI node should be defined. 
For outdoor scenario, the channel generation of links mentioned above are suggested as followed:
· [bookmark: _Hlk100855863]Sidelink UE to sidelink UE link: channel model of P2P link defined in TR37.885 is reused.
· WIFI node to sidelink UE link: channel model of V2R link defined in TR37.885 is reused.
· WIFI UE to sidelink UE link: channel model of P2P link defined in TR37.885 is reused.
· WIFI node to WIFI UE link: channel model of V2R link defined in TR37.885 is reused.
· WIFI node to WIFI node link: channel model of R2R link defined in TR37.885 is reused.
For indoor scenario, the channel generation of links mentioned above are suggested to follow that of indoor office link defined in TR38.901.
[bookmark: _Ref101027648][bookmark: _Hlk100935533]Proposal 14: For outdoor scenario, channel model generation procedure defined in TR37.885 for P2P/V2R/R2R links are reused, while for indoor scenario, the indoor office channel model defined in TR38.901 are used.
[bookmark: _Hlk100935824][bookmark: _Hlk100935939][bookmark: OLE_LINK1]Secondly, for both indoor and outdoor scenario, antenna model of sidelink UE, WIFI UE and WIFI node should be defined. It is observed that antenna model of pedestrian UE and indoor UE has been defined in TR37.885 and TR38.901 respectively. Therefore, they can be reused for sidelink UE in ourdoor and indoor scenario. Regarding WIFI node and WIFI UE, omnidirectional antenna model is expected to be applied.
[bookmark: _Ref101027652]Proposal 15: For sidelink UE, the antenna models defined in TR37.885 and TR38.901 are reused in outdoor and indoor scenarios respectively.
[bookmark: _Ref101027655]Proposal 16: For WIFI UE and WIFI node, the omnidirectional antenna model is used in both outdoor and indoor scenarios.
3.3 Traffic model
[bookmark: _Hlk100949049][bookmark: _Hlk100949065]Similar to NRU evaluation methodology, the FTP 1/3 traffic model can also be applied to the WIFI system in the evaluation. In order to reduce the development efforts, as well as to maintain comparable results with previous sidelink evaluations, the traffic model of pedestrian UE defined in NR sidelink should be the starting point for the traffic model for sidelink UE operating on the unlicensed spectrum.  
For outdoor scenario, the traffic model defined for pedestrian UE in P2V link in RAN #103-e meeting is expected to be the baseline. Other density of message arrival rates and other message sizes are not precluded to support more type of service, e.g., gaming among the sidelink UEs. In the indoor scenario, more potential commercial use cases are excavated, e.g., meeting among the colleagues and XR service. Therefore, more denser traffic types should be considered in the indoor scenario for sidelink evaluation.
[bookmark: _Ref101027658]Proposal 17: FTP 1/3 traffic model is applied to the WIFI system.
[bookmark: _Ref101027660]Proposal 18: The traffic model defined for pedestrian UE in P2V link is expected to be a baseline for sidelink UE in outdoor scenario.
[bookmark: _Ref101027663]Proposal 19: More denser traffic model should be defined in the indoor scenario for sidelink evaluation.
3.4 Performance metric
The user throughput has been used as the system performance metrics for NR-U and WIFI system in Rel-16. Similarly, it can also be applied as a performance indicator for WIFI system when sidelink is operating on the unlicensed spectrum. 
On the other hand, PRR and PIR defined in TR37.885 have been used for the performance evaluation of sidelink since Rel-16, then should be regarded as the baseline metrics for sidelink UEs. 
[bookmark: _Hlk101020175]Optionally, the user throughput can also be used as the performance metric for SL UE, e.g., the user throughput is calculated based on the amount of data received from the sidelink UE in the same UE pair per unit time in the unicast scenario. However, the throughput for broadcast and groupcast transmissions should be properly defined. In the broadcast scenario, the user throughput can be calculated based on the amount of data received from all the sidelink UEs in the system per unit time. While for the groupcast scenario, the user throughput is calculated based on the amount of data received from the sidelink UEs in the same group per unit time. 
[bookmark: _Ref102151268]Proposal 20: PRR and PIR are still used as performance metrics for sidelink system.
[bookmark: _Hlk101027529]Proposal 21: User throughput can be used as performance metric for WIFI system and for sidelink system additionally.
4. Conclusion
This contribution focus on the channel access mechanisms for sidelink on unlicensed spectrum, and the following are proposed,
Proposal 1: Support both FBE and LBE based operations for SL transmission on unlicensed band.
Proposal 2: Support Type 2A channel access for PSFCH transmission and S-SSB transmission.
Proposal 3: Support Type 2A/2B/2C channel access for PSCCH/PSSCH in case of COT sharing between UEs.
Observation 1: Mode-1 UE still has to perform LBT for the scheduled resources, only after it successfully accesses to the channel, can it transmit on the scheduled resources.
Proposal 4: UT-to-UE COT sharing is supported in SL, and the details can be further studied, including which UE(s) can share the COT and how to determine the COT sharing ED threshold.
Proposal 5: The existing SL resource allocation mechanisms (slot-based transmission and reservation) are the starting point for SL resource allocation on unlicensed band.
Observation 2: The PRR performance of mode-2 schemes degrades dramatically due to less potential channel access occasion (only available at the beginning of a slot) and limited maximum COT (only one slot) caused by the slot-based resource allocation mechanism.
Observation 3: The FBE-based scheme outperforms the LBE-based scheme with slot-based resource allocation mechanism, due to the inter SL UE blocking issue.
Proposal 6: Address the inter-UE blocking issue for SL transmission on unlicensed spectrum.
Proposal 7: SL UE deems channel busy only if the UE detects WIFI transmission during the LBT duration, the energy detection in LBT procedure should not consider the SL transmissions.
Observation 4: Consecutive transmissions in a COT does not requires additional LBT procedure.
Proposal 8: Study how mode 1 and mode 2 resource allocation procedure is able to allocate a set of consecutive slots to SL UE.
Observation 5: Frequent channel access opportunities may help to increase the channel access change of SL, such as introducing multiple starting symbols in a slot for SL transmission (e.g., mini-slot based transmission), higher SCS configuration, etc.
Observation 6: The AGC overhead and PSCCH decoding complexity would increase, when introducing multiple starting symbols in a slot or mini-slot based transmission for SL transmission.
Observation 7: SL transmission starting from an earlier starting symbol of a given slot would block the SL transmission starting from a later starting symbol in the same slot.
Proposal 9: Evaluation for SL operation on unlicensed spectrum should cover both indoor and outdoor scenario.
Proposal 10: For outdoor scenario, urban street scenario based on Manhattan model defined in TR37.885 is used.
Proposal 11: For outdoor scenario, RAN1 should define deployment method for WIFI node and WIFI UE, e.g., the WIFI node is modelled as RSU and WIFI UE is modelled as pedestrian UE.
Proposal 12: For indoor scenario, office indoor scenario defined in TR38.901 is used.
Proposal 13: For indoor scenario, partial BSs are replaced by WIFI nodes, and the dropped UE is selected randomly as WIFI UE or sidelink UE.
Proposal 14: For outdoor scenario, channel model generation procedure defined in TR37.885 for P2P/V2R/R2R links are reused, while for indoor scenario, the indoor office channel model defined in TR38.901 are used.
Proposal 15: For sidelink UE, the antenna models defined in TR37.885 and TR38.901 are reused in outdoor and indoor scenarios respectively.
Proposal 16: For WIFI UE and WIFI node, the omnidirectional antenna model is used in both outdoor and indoor scenarios.
Proposal 17: FTP 1/3 traffic model is applied to the WIFI system.
Proposal 18: The traffic model defined for pedestrian UE in P2V link is expected to be a baseline for sidelink UE in outdoor scenario.
Proposal 19: More denser traffic model should be defined in the indoor scenario for sidelink evaluation.
Proposal 20: PRR and PIR are still used as performance metrics for sidelink system.
Proposal 21: User throughput can be used as performance metric for WIFI system and for sidelink system additionally.
5. [bookmark: _Ref102032125][bookmark: _Ref503565531][bookmark: _Ref493791948][bookmark: _Ref503565490][bookmark: _Ref510367705]References
[1] [bookmark: _Ref37345407][bookmark: _Ref32419540][bookmark: _Ref40113707]RP-213678, WID on NR sidelink evolution, RAN #94e, Electronic Meeting, Dec. 6-17, 2021.
Annex I
Table 2 System level simulation assumption
	Parameter
	Value

	Deployment
	Indoor

	Communication type
	Unicast，groupcast

	Carrier frequency
	6GHz

	Bandwidth
	20MHz

	Subcarrier spacing
	15KHz

	Traffic model for SL
	Traffic type: aperiodic traffic
Inter-packet arrival time: 60 ms + an exponential random variable with the mean of 60 ms.
Packet size of aperiodic traffic: 200or 600byte

	Traffic model for AP
	FTP, file size: 0.05M
traffic intensity：level-1, λ=0.01
                             level-2, λ=0.05
                             level-3, λ=0.1

	Channel access
	FBE, LBE

	Tx Power
	23 dBm

	Antenna number
	[M N P Mg Ng Mp Np]=[1 2 3 1  1 1 1]  for SL-UE
[M N P Mg Ng Mp Np]=[1 1 2 1  1 1 1]  for AP

	UE deploy
	Per AP select one UE as wifi-UE
Others as SL-UE
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Figure 9 UE distribution

Figure 10 WIFI system throughput
WIFI System Per AP Throughput

only WIFI	
4.7633000000000001	12.863	WIFL	&	SL-FBE	
4.4720000000000004	12.347	WIFI	&	SL-LBE-case1	
4.4729999999999999	12.715999999999999	WIFI	&	LBE-case2	
4.5119999999999996	12.388	
Mbps
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