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[bookmark: _Toc116995841]Introduction
In [1], the Way Forward (WF) of NR Sidelink (SL) Evolution (Evo) from the discussions in RAN4#108bis meeting is documented. From the three subtopics discussed in RAN4#108bis, two subtopics will still be treated in RAN4#109, namely, SL Carrier Aggregation (SL CA) and SL Unlicensed (SL-U). It was agreed in RAN4#108bis that RAN4 will not define requirements for SL Coexistence. 
For the first subtopic, SL CA, the remaining open issue to be discussed in RAN4#109 is:
	Issue 2-2-1: NR sidelink CA scenario



The open issues for the second subtopic, SL-U, are:
	Issue 2-3-1: Test configuration
Issue 2-3-2: Test scenario
Issue 2-3-3: LBT model
Issue 2-3-4: Requirements for PSSCH/PSCCH
Issue 2-3-6: Requirements for PSFCH



In this contribution, we provide our views on the remaining open issues as shown above. 

[bookmark: _Toc116995842]Discussion
In this section, we will first discuss the remaining open issue on NR SL CA performance requirements. Afterwards, our views on the open issues on NR SL-U performance requirements will follow. 

NR SL CA Performance Requirements
The open issues related to NR SL CA is mainly about for which physical channels the requirements need to be defined, as stated below:
	Issue 2-2-1: NR sidelink CA scenario
Way Forward: 
· Option 1: Consider defining PSSCH requirements for NR sidelink CA with the same performance metric as in LTE sidelink CA. (Nokia)
· Option 2: Define following tests for sidelink CA: (HW)
· PSSCH performance requirements
· HARQ buffer test
· PSCCH decoding capability test
· PSFCH decoding capability test
· Option 3: Consider CA scenario as work scope for demodulation performance. (LGE)



Based on the objective of Core WI in [2], concerning NR SL CA, some key components are mentioned, for example, 
· Support only LTE SL CA features for NR,
· Reuse the LTE SL CA design for the following aspects: SL carrier (re-)selection, synchronization of aggregated carriers, Tx power split for simultaneous SL transmissions, packet duplication,
· The CA band combination work in RAN4 is limited to intra-band contiguous CA in Rel-18.
With “Support only LTE SL CA features for NR” and referring to [4] for UE performance requirements of V2X SL communication in LTE in which the requirements are on soft buffer test (CA) (with 5% BLER for PSSCH single carrier performance) and PSCCH/PSSCH decoding capability test (CA), we make the following observations and proposals. 
[bookmark: _Toc149939869]When CA is introduced in a feature, there will be new demodulation requirements for the physical data shared channel for the corresponding feature with CA.
[bookmark: _Toc149939870]In LTE sidelink CA, the performance requirement used on soft buffer test (CA) is on PSSCH with 5% BLER metric.
[bookmark: _Toc149939871]For NR sidelink CA, RAN4 to consider defining requirements by prioritizing on PSSCH demodulation performance requirements. Furthermore, RAN4 to discuss whether similar soft buffer test (CA) and PSCCH/PSSCH decoding capability test (CA) as in LTE can be adopted.  
In 38.786 [3], the SL CA channel bandwidths is specified in Table 5.2.3-1 as below:
	[bookmark: _Toc144392039]5.2.3	Channel bandwidth for NR SL CA operation
For NR SL CA operation, the SL CA channel bandwidths for each operating band is specified in Table 5.2.3-1.
Table 5.2.3-1: Intra-band contiguous CA operating bands for SL CA in FR1

			Sidelink CA configuration / Bandwidth combination set

	Sidelink CA configuration 
	Sidelink CA configuration for TX
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	
	

	SL_n47B
	SL_n47B
	10
	10, [20,30]
	
	
	70
	0

	
	
	[20]
	[20,30]
	
	
	
	

	
	
	30
	[30],40
	
	
	
	





[bookmark: _Toc149939872]Referring to 38.786, there are two CA configurations for NR SL CA which are not stated under square brackets, namely, 10 MHz + 10 MHz and 30 MHz + 40 MHz.
[bookmark: _Toc149939873]In general, for CA requirements, it is a common practice in RAN4 to have single carrier requirements for each of the carrier components to be aggregated. 
[bookmark: _Toc149939874]RAN4 to define single carrier requirements for 10 MHz, 30 MHz and 40 MHz to be used for NR sidelink CA requirements. RAN4 may consider reducing the workload by selecting the following for the requirements: 
a). 30 MHz and 40 MHz bandwidth only, for a consideration of widest CA bandwidth sizes, or
b). 10 MHz only, for the least possible aggregated combination.
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There are several open issues related to SL-U performance requirements from RAN4#108bis which need to be addressed in RAN4#109. In the following, we will provide our views on those open issues.

Test Configuration and Test Scenario
The related issues on test configuration and test scenario are as below:
	Issue 2-3-1: Test configuration
Way Forward: 
1. Option 1: Consider following test setup for SL-U test: (HW)
4. Carrier center frequency: 6.5 GHz
4. Operation mode: Mode2 (Standalone)
4. Synchronization source: GNSS based
4. Carrier frequency offset with respect to GNSS: 650Hz
4. Carrier frequency offset for simulation assumption: 1300Hz
4. Time offset with respect to GNSS: CP/2-12*64*Tc
4. Time offset for simulation assumption: 24*64*Tc
4. SCS: 30kHz
4. Antenna configuration: 1T2R Low
4. Channel bandwidth: 20MHz
4. Propagation conditions: Select from {TDLA30-2900, TDLA30-1500, TDLA30-195}
4. Channel estimation: MMSE based interpolation in frequency domain and linear interpolation in time domain
1. Option 2: Can reuse the existing SL test parameters as much as possible considering interlacing RB mapping and two candidate starting point. (LGE)
5. For transmission mode, reuse the existing NR-U transmission model as specified in TS38.101-4 B.5 as much as possible.
Issue 2-3-2: Test scenario
Way Forward: 
1. Option 1: Do not introduce new requirement for multiple consecutive slot transmission in SL-U. (Qualcomm)
1. Option 2: Do not introduce new requirement for half slot transmission in SL-U. (Qualcomm)
1. Option 3: Need to evaluate the SL-U demodulation performance with the interlacing RB mapping and the two candidate starting point in slot. (LGE, Huawei)




As discussed in RAN4#108bis, one of the considerations for defining requirements for NR SL-U is the performance gap between interlaced RBs and contiguous RB.
[bookmark: _Toc149939875]Test scenario and test configurations will impact the performance gap between interlaced RBs and contiguous RBs.
[bookmark: _Toc149939876][bookmark: _Hlk149216166] If RAN4 decide to define requirements for SL-U, it should be on the interlaced RBs mapping. A suitable test scenario should be first discussed by considering aspects that may affect the performance of interlaced RBs mapping, for example, frequency selectivity of the channels. 
[bookmark: _Toc149939877]Existing test parameters and transmission mode from NR-U can be reused.

LBT Model
The related open issue on LBT is as follows:
	Issue 2-3-3: LBT model
Way Forward: 
1. Option 1: LBT should be modeled in SL-U test. If LBT is agreed, following description can be considered as baseline for information and the details can be further discussed.(HW)
9. TE performs LBT to initial a COT with a LBT failure probability (pLBT) and share this COT with tested UE
9. The start symbol of each COT is random selected from 2 pre-configured candidate starting symbols. E.g. {0, 7}
9. The COT duration can be randomly selected from a set. E.g. {2,4,6,7} slots
9. COT information is conveyed in SCI stage 2.
9. CPE extension should be configured for the first AGC symbol of each SL slot within the COT to make the gap between the 1st symbol of each slot and symbol #12 of last slot smaller than 16us. (As per agreed by RAN1, transmission from one UE with gap larger than 16us is considered as two DL transmission burst) 
9. Tested UE uses the sharing COT to transmit PSFCH by via type 2 channel access




Concerning LBT model, RAN4 may need to discuss if the effect of LBT should be taken into account for defining SL-U requirements. As a starting point, RAN4 may discuss whether the existing model in sub-clause B.5.1 can be reused.
[bookmark: _Toc146623490][bookmark: _Toc149939878]RAN4 to discuss whether LBT should be considered for defining SL-U demodulation performance requirements. And if so, whether the model in sub-clause B.5.1 in the specification can be reused.

Requirements for SL Physical Channels
The following are the related open issues on requirements for SL physical channels:
	Issue 2-3-4: Requirements for PSSCH/PSCCH
Way Forward: 
1. Option 1: Consider defining requirements for PSSCH for interlaced RBs allocation in frequency selective channels in sidelink unlicensed. (Nokia, LGE)
1. Option 2: Introduce SL-U PSSCH/PSCCH requirements at least with following configurations: (HW)
11. Only interlaced RB based
11. 1 interlaced, 1 subchannel allocation
11. For the first slot of the COT, the start symbol of PSSCH/PSCCH is not #0
1. Option 3: Do not introduce new requirement for PSSCH/PSCCH in SL-U. (Qualcomm)
Issue 2-3-6: Requirements for PSFCH
Way Forward: 
1. Option 1: Discuss whether to define requirements for PSFCH by considering interlacing of RBs in PSFCH. (Nokia)
1. Option 2: Define SL-U PSFCH requirements considering the following: (HW, LGE)
14. Interlaced based
14. K3 PRBs is configured. The configuration of K3 can be FFS 
14. ACK-NACK mode
14. Other parameters can be FFS
1. Option 3: Do not introduce new requirement for PSFCH in SL-U. (Qualcomm)



Concerning the requirements for SL physical channels, RAN4 should consider which physical channels that might be most impacted by the interlacing of the RBs. The impact of interlaced RB might be more visible on PSSCH.
[bookmark: _Toc149939879]RAN4 to prioritize on PSSCH and may consider PSFCH if there is sufficient performance gap in PSFCH between interlaced RBs and non-interlaced RB. 


[bookmark: _Toc116995848]Conclusion
In this contribution, we provide our views on general topics and NR SL demodulation performance requirements for discussion in RAN4#109 meeting on NR SL Evo demodulation. The following Observations and Proposals were made:
Observation 1: When CA is introduced in a feature, there will be new demodulation requirements for the physical data shared channel for the corresponding feature with CA.
Observation 2: In LTE sidelink CA, the performance requirement used on soft buffer test (CA) is on PSSCH with 5% BLER metric.
Proposal 1: For NR sidelink CA, RAN4 to consider defining requirements by prioritizing on PSSCH demodulation performance requirements. Furthermore, RAN4 to discuss whether similar soft buffer test (CA) and PSCCH/PSSCH decoding capability test (CA) as in LTE can be adopted.
Observation 3: Referring to 38.786, there are two CA configurations for NR SL CA which are not stated under square brackets, namely, 10 MHz + 10 MHz and 30 MHz + 40 MHz.
Observation 4: In general, for CA requirements, it is a common practice in RAN4 to have single carrier requirements for each of the carrier components to be aggregated.
Proposal 2: RAN4 to define single carrier requirements for 10 MHz, 30 MHz and 40 MHz to be used for NR sidelink CA requirements. RAN4 may consider reducing the workload by selecting the following for the requirements:  a). 30 MHz and 40 MHz bandwidth only, for a consideration of widest CA bandwidth sizes, or b). 10 MHz only, for the least possible aggregated combination.
Observation 5: Test scenario and test configurations will impact the performance gap between interlaced RBs and contiguous RBs.
Proposal 3: If RAN4 decide to define requirements for SL-U, it should be on the interlaced RBs mapping. A suitable test scenario should be first discussed by considering aspects that may affect the performance of interlaced RBs mapping, for example, frequency selectivity of the channels.
Proposal 4: Existing test parameters and transmission mode from NR-U can be reused.
Proposal 5: RAN4 to discuss whether LBT should be considered for defining SL-U demodulation performance requirements. And if so, whether the model in sub-clause B.5.1 in the specification can be reused.
Proposal 6: RAN4 to prioritize on PSSCH and may consider PSFCH if there is sufficient performance gap in PSFCH between interlaced RBs and non-interlaced RB.
[bookmark: _Toc116995849]
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