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Background
RAN1 has concluded the core part of the WI “NR sidelink evolution”. Following objectives are related to work of RAN4:
· Mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4]
· 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]
· Mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
This contribution summarizes the important feature of each objective firstly and then provides our views on whether and how to define the UE performance requirements.
Discussions
CA
Sidelink CA is supported in Rel-18, following bandwidth combination has been introduced by RF:
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In Rel-16 V2X, following requirements have been introduced:
PSSCH requirements
PSCCH requirements
PSBCH requirements
PSFCH requirements
Power imbalance requirements
HARQ buffer test
PSCCH decoding capability test
PSFCH decoding capability test
Same as eMBB performance test, new PSSCH CA performance test should be introduced. Same logic that RAN4 to define the PSSCH performance requirements for each bandwidth can be reused. I.e. RAN4 to define the single CC PSSCH requirements for 10MHz/20MHz/30MHz/40MHz and apply the requirements for CA operation.
Based on our understanding, HARQ buffer test intends to verify whether UE support maximum number of HARQ processes and combine the HARQ transmission correctly. The candidate maximum supported number of Rx-HARQ processes are {16, 24, 32, 48, 64}, which may be extended for CA operation. RAN1 has not started the discussion on UE feature of CA,  if RAN1 agreed that the number of supported number of Rx-HARQ processes for CA is extended compared to single CC , we propose to define the HARQ buffer test for CA, otherwise, such case can be dropped.
PSCCH decoding capability test intends to verify whether UE can decode number of PSCCHs in a slot as declared. The candidate value are {floor (NRB /10 RBs), 2*floor (NRB /10 RBs)}, which is expected to be extended for CA operation. Therefore, we propose to define PSCCH decoding capability test for CA.
PSFCH decoding capability test intends to verify whether UE can decode number of PSFCHs in a slot as declared. The candidate value are {5, 15, 25, 32, 35, 45, 50, 64}, which is expected to be extended for CA operation. Therefore, we propose to define PSFCH decoding capability test for CA.
Proposal 1: RAN4 to define following tests for sidelink CA:
PSSCH performance requirements	
HARQ buffer test
PSCCH decoding capability test
PSFCH decoding capability test
Operation on unlicensed band
RAN1 discussed many new features for sidelink operating on unlicensed band such as RB interlaced structure and new channel access procedure. Same as NR-U, new performance requirements are needed to verify whether a V2X UE supports these new features.

Test scenario
Three unlicensed bands n46, n96 and n102 are defined for sidelink according to [1]. The details are captured as follow:
	NR SL-U operating band
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	5925 MHz – 6425 MHz
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	 NOTE 1:	Direct connection between client devices and between vehicular devices in the shared spectrum bands or portions of the shared spectrum bands is subject to country-specific conditions and can be prohibited per region-specific regulatory rules, e.g., in USA and Canada.



Same as Rel-16 V2X, mode 2(Standalone) scenario with GNSS synchronization source should be considered for requirements definition.
Carrier frequency offset (CFO) and Doppler spread depend on the center frequency of carrier, considering the definition of minimum requirements, RAN4 shall assume the center frequency is 6.5GHz leading to the 650Hz CFO with respect to GNSS (Frequency error requirement of SL-U is 0.1PPM as per [1]), 1300Hz CFO should be assumed in the simulation for the purpose of minimum requirements. As for the Doppler spread, three typical scenarios were considered for Rel-16 V2X: 2700Hz for 500km/h, 1500Hz for 260km/h and 180Hz for 30km/h, these three typical scenarios with UE speed can be reused for SL-U requirements discussions, but the Doppler spread should be changed according to the new center frequency. I.e. 2900Hz for 500km/h, 1500Hz for 260km/h, 195Hz for 30km/h. Also, the time spread can be reused.
For SCS, considering 30kHz is mandatory and 15kHz is optional, we propose to only consider 30kHz SCS.
For antenna configuration, 1T2R Low can be considered as baseline.
For channel bandwidth, 20MHz, 40MHz, 60MHz and 80MHz are defined for unlicensed band. Same as NR-U, 20MHz is defined as one RB set which is the unit of LBT bandwidth. Frequency allocation is based on indication of subchannel index and RB set index. For NR-U, RAN4 only considered one RB set (20MHz) for UE performance requirements definition. We propose to also consider 20MHz bandwidth for SL-U performance requirements since different bandwidth have negligible impact on performance.
For channel estimation, same as Rel-16 V2X, MMSE based interpolation in frequency domain and linear interpolation in time domain can be considered as baseline for simulation assumption.
Time offset with respect to GNSS can be reused: CP/2-12*64*Tc.  The time offset 24*64*Tc should be assumed in the simulation for the purpose of minimum requirements.
Proposal 2: Consider following test setup for SL-U test: 
Carrier center frequency: 6.5GHz
· Operation mode: Mode2(Standalone)
· Synchronization source: GNSS based 
· Carrier frequency offset with respect to GNSS: 650Hz 
· Carrier frequency offset for simulation assumption: 1300Hz 
· Time offset with respect to GNSS: CP/2-12*64*Tc 
· Time offset for simulation assumption: 24*64*Tc
· SCS: 30kHz 
· Antenna configuration: 1T2R Low
· Channel bandwidth: 20MHz
· Propagation conditions: Select from {TDLA30-2900, TDLA30-1500, TDLA30-195}
· Channel estimation: MMSE based interpolation in frequency domain and linear interpolation in time domain

LBT model
LBT is mandatory in most regions, same as NR-U, LBT should be modeled for SL-U test to comply with the regulation. RAN1 has discussed much on channel access mechanism such as Type 1/2A/2B/2C channel access procedure, UE to UE COT sharing, CPE extension, CW adjustment, multi consecutive slots reservation and so on. Even though these features have no impact on performance, a simple LBT model should be implemented in the test setup to reflect the real frame structure on the unlicensed band.
We give a example of LBT model as follows: 
TE performs LBT to initial a COT with a LBT failure probability (pLBT) and share this COT with tested UE
· The start symbol of each COT is randomly selected from 2 pre-configured candidate starting symbols. E.g. {0, 7}
· The COT duration can be randomly selected from a set. E.g. {2,4,6,7} slots
· COT information is conveyed in SCI stage 2.
· 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) 
· Tested UE uses the sharing COT to transmit PSFCH by via type 2 channel access
Considering this meeting is the first meeting of this WI, the details can be further discussed if LBT is agreed to introduced.
Proposal 3: 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.
TE performs LBT to initial a COT with a LBT failure probability (pLBT) and share this COT with tested UE
· The start symbol of each COT is random selected from 2 pre-configured candidate starting symbols. E.g. {0, 7}
· The COT duration can be randomly selected from a set. E.g. {2,4,6,7} slots
· COT information is conveyed in SCI stage 2.
· 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) 
· Tested UE uses the sharing COT to transmit PSFCH by via type 2 channel access

PSSCH and PSCCH
The brief summary of PSSCH and PSCCH physical design is captured as follows:
For RB allocation type, contiguous RB allocation and interlaced RB allocation are defined for unlicensed band and can be configured per resource pool. Interlaced RB is introduced to comply with some regulations with OCB requirements. For interlaced allocation, 
1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool. In each RB set, 1 subchannel is mapped to K interlace, K=1 and K=2 are supported for 15kHz SCS and K=1 is supported for 30kHz SCS.
The PSCCH modulation symbols are mapped sequentially over the PRBs of a sub-channel, regardless the number of interlace within one sub-channel.
The PSSCH modulation symbols are mapped sequentially over the PRBs among all the allocated PRBs for PSSCH transmission, regardless the number of interlace within one sub-channel and number of allocated sub-channels
2 candidate starting symbols for a PSCCH/PSSCH transmission is supported. The location of 1st starting symbol can be (pre)configured from {#0,#1,#2,#3,#4,#5,#6} per BWP. The location of 2nd starting symbol is (pre-)configured from {#3,#4,#5,#6,#7} per BWP. Note that this feature intends to give sidelink UE more occasions to access the channel within a slot and is mandatory for UE to support if supporting operation on unlicensed.
We prefer to only consider interlaced RB allocation for PSSCH/PSCCH requirements definition since this feature has big impact on PHY design. Meanwhile, we prefer to consider 1 interlace (1 subchannel) to simply the test which is also configured for NR-U PUSCH requirements definition. Furthermore, only full slot allocation is considered in Rel-16 V2X test, the big difference for SL-U is that it is supported to start PSSCH/PSCCH transmission in the middle of slot after the LBT clear, which should be verified. 
Proposal 4: Introduce SL-U PSSCH/PSCCH requirements at least with following configurations:
· Only interlaced RB based 
· 1 interlaced, 1 subchannel allocation 
· For the first slot of the COT, the start symbol of PSSCH/PSCCH is not #0

PSBCH
The brief summary of SL-U PSBCH physical design is captured as follows:
Support transmitting legacy S-PSS/S-SSS/PSBCH N times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement. Gap is (pre-)configured per RB set from {[0], 1, 2, 3, …, 84} PRBs. N is (pre-)configured per RB set from {2, 3, 4, 5, …, 9}
Support additional candidate PSBCH transmission occasions in different time slots and the gap is pre-configured.
RAN4 has defined PSBCH requirements without combination in Rel-16, although repetition in frequency domain is supported for SL-U, it can’t be required that all UEs will receive all PSBCHs and combine them. Considering the minimum requirement is corresponding to receiving one PSBCH, which has been defined in Rel-16, there is no need to define SL-U PSBCH in this release.
Proposal 5: Don’t define SL-U PSBCH performance requirements.

PSFCH
The brief summary of SL-U PSFCH physical design is captured as follows:
Interlaced RB allocation is supported
Each PSFCH occupies 1 common interlace and K3 dedicated PRBs mapping on one dedicate interlace. K3 can be configured with {1, 2, 5}, the common interlaced has no ACK/NACK information and just for satisfying OCB requirements. Cyclic shift on each of K3 dedicated PRBs is the same.
New PSSCH-PSFCH mapping procedure is introduced 
PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-) configuration. Value range of N at least includes {1, 2, 3, 4}
The main feature impacting on performance is multiple RB allocation. Legacy PSFCH requirements is defined based on 1RB allocation, multiple RB allocation with equal cyclic shift can have better performance. Compared to the processing of receiving multiple PSBCH, receiving multiple PSFCH is much easier and should be verified.
In Rel-16 PSFCH test, RAN4 selected NACK-only mode for requirements definition. However, ACK/NACK mode has higher requirements for tested UE compared to NACK only mode. The reason is that for ACK/NACK mode, tested UE has to detect the energy of two cyclic shifts which is more complicated than NACK-only mode where tested UE only has to detect the energy of one cyclic shift. So, we think if a UE has passed the test of ACK/NACK mode, it can pass the test of NACK mode.
Proposal 6: Define SL-U PSFCH requirements considering the following:
Interlaced based
K3 PRBs is configured. The configuration of K3 can be FFS 
ACK-NACK mode
Other parameters can be FFS

Co-existence of NR sidelink and LTE sidelink
In Rel-16 V2X, only TDM semi-static co-existence is supported. In Rel-18, dynamic resource pool sharing is supported, LTE model can share the information about resource selection with NR model to facilitate NR model to use this information to perform NR resource selection. That means FDM co-existence is very common. Two issues can degrade the performance if FDM co-existence with different SCS for LTE and NR SL is implemented:  one is AGC issue, this has been addressed by RAN1 by introduction of restrictions of power allocation for two consecutive slots overlapping with one LTE subframe and restrictions of PSFCH resources. The other is in channel interference between NR SL and LTE SL, which could be a critical issue if NR-SL and LTE-SL are in adjacent subchannel with large power imbalance.
Observation 1: Different SCS for NR-SL and LTE-SL operating in FDM co-existence mode can cause in-channel interference, which may degrade performance seriously if NR-SL and LTE-SL are in adjacent subchannel with large power imbalance.
Hence, we propose to evaluate the NR PSSCH performance when NR-SL with 30 kHz SCS and LTE SL with 15 kHz SCS are FDM with large power imbalance. The test setup should be designed to minimum the RF impact. E.g. IBE, IQ imbalance, DC leakage.
Proposal 7: RAN4 to further evaluate the NR PSSCH performance when NR-SL with 30 kHz SCS and LTE SL with 15 kHz SCS are FDM with large power imbalance. The test setup should be designed to minimum the RF impact. E.g. IBE, IQ imbalance, DC leakage.
Conclusion
In this contribution we provide our overviews on how to define UE performance requirements for Rel-18 sidelink. The observations and proposals are:
Proposal 1: RAN4 to define following test for sidelink CA:
PSSCH performance requirements	
HARQ buffer test
PSCCH decoding capability test
PSFCH decoding capability test
Proposal 2: Consider following test setup for SL-U test: 
Carrier center frequency: 6.5GHz
· Operation mode: Mode2(Standalone)
· Synchronization source: GNSS based 
· Carrier frequency offset with respect to GNSS: 650Hz 
· Carrier frequency offset for simulation assumption: 1300Hz 
· Time offset with respect to GNSS: CP/2-12*64*Tc 
· Time offset for simulation assumption: 24*64*Tc
· SCS: 30kHz 
· Antenna configuration: 1T2R Low
· Channel bandwidth: 20MHz
· Propagation conditions: Select from {TDLA30-2900, TDLA30-1500, TDLA30-195}
· Channel estimation: MMSE based interpolation in frequency domain and linear interpolation in time domain
Proposal 3: 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.
TE performs LBT to initial a COT with a LBT failure probability (pLBT) and share this COT with tested UE
· The start symbol of each COT is random selected from 2 pre-configured candidate starting symbols. E.g. {0, 7}
· The COT duration can be randomly selected from a set. E.g. {2,4,6,7} slots
· COT information is conveyed in SCI stage 2.
· 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) 
· Tested UE uses the sharing COT to transmit PSFCH by via type 2 channel access
Proposal 4: Introduce SL-U PSSCH/PSCCH requirements at least with following configurations:
· Only interlaced RB based 
· 1 interlaced, 1 subchannel allocation 
· [bookmark: _GoBack]For the first slot of the COT, the start symbol of PSSCH/PSCCH is not #0
Proposal 5: Don’t define SL-U PSBCH performance requirements.
Proposal 6: Define SL-U PSFCH requirements considering the following:
Interlaced based
K3 PRBs is configured. The configuration of K3 can be FFS 
ACK-NACK mode
Other parameters can be FFS
Observation 1: Different SCS for NR-SL and LTE-SL operating in FDM co-existence mode can cause in-channel interference, which may degrade performance seriously if NR-SL and LTE-SL are in adjacent subchannel with large power imbalance.
Proposal 7: RAN4 to further evaluate the NR PSSCH performance when NR-SL with 30 kHz SCS and LTE SL with 15 kHz SCS are FDM with large power imbalance. The test setup should be designed to minimum the RF impact. E.g. IBE, IQ imbalance, DC leakage.
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