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Background
In last meeting, a WF on UE demodulation performance for NR SL evolution[1] was agreed. In this contribution, we provide our views on the open issues.
1   Discussions
NR sidelink CA scenario
PSSCH performance requirements
Following agreements were made in last meeting:
	· Define single carrier requirements for each of bandwidth size (10, 20, 30 and 40 MHz) to allow all possible bandwidth combination
· Concerning the bandwidth combinations to be specified in the requirements, it is subject to discussion. Candidates would be: 10+10 and 30+40.


Given that it has been agreed to define single carrier requirements for each of bandwidth, same approach as NR CA test, all bandwidth combination should be covered. It’s proposed to configure 2 subchannels for all bandwidth so existing requirements  e.g. Test 2 in Table 11.1.2.1.1-1 can be directly applied without simulation work. Same as NR CA test, the bandwidth combination to be selected is with maximum supported aggregate bandwidth.
Proposal 1:  Reuse the NR CA test setup approach. I.e. Define requirements for all CA combination and define requirements for single CC with all bandwidth and apply the requirements to each component carrier. 
Proposal 2: Each CC is configured with 2 subchannels (20RBs), existing requirements. e,g. Test 2 in Table 11.1.2.1.1-1 can be applied without simulation work.
Proposal 3: Introduce the applicability rule that the bandwidth combination to be selected is with maximum supported aggregate bandwidth.

Based on the latest feature list[2], it is agreed not to introduce the capability “report Maximum number of  non-overlapping RBs per slot across all carriers the UE can attempt to decode” 
Observation 1: Based on the latest feature list, it is agreed not to introduce the capability “report Maximum number of non-overlapping RBs per slot across all carriers the UE can attempt to decode” 

PSCCH decoding capability test
RAN4 has made following agreements:
	· Support every single carrier bandwidth Rel16 test setup/procedure
· Check the band combination by next meeting RAN4#110b


We propose to select the bandwidth combination with maximum aggregated bandwidth that UE can support.
Proposal 4: Select the bandwidth combination with maximum aggregated bandwidth  UE can support.
We propose the following test setup. (The wording can be refined)
	The minimum requirements are specified in Table 11.1.8.1.1-2 with the test parameters specified in Table 11.1.8.1.1-1 and the test procedure is specified as follows:
Assume there are 2 component carriers.
In component carrier i 
-	Ni UEs transmit PSCCHs and corresponding PSSCHs to the tested UE per slot with each UE occupying one subchannel.
-	x UEs transmit PSCCHs and corresponding PSSCHs with high priority level on x subchannels that are randomly selected from 10 subchannels per slot and 10-x UEs transmit PSCCHs and corresponding PSSCHs with low priority level on the remaining subchannels. The indication of priority level specified in Clause 5.4.3.3 of TS 23.287 [12] and Clause 5.22.1.3.1 of TS 38.321 [8] is included in PSCCH.
Where x equals to: Y/2, Y is number of PSFCH resources UE can transmit in a slot over all aggregated SL carriers 
Where Ni equals to NRB,i/10, NRB,i is maximum number of RBs in component carrier i defined in 38.101-1
For each CC, following test metric is applied:
The probability of PSCCH miss detection for component carrier i is calculated as follows:

Where:	
-	# (Tx high priority PSCCH/PSSCH, i) denotes the total number of transmitted PSCCH/PSSCH with high priority level for component carrier i.
-	# (missing ACK/NACK, i) denotes the total number of missing ACK/NACK with high priority for component carrier i.



Proposal 5: Use following test setup for PSCCH decoding capability test: (The wording can be refined)
	The minimum requirements are specified in Table 11.1.8.1.1-2 with the test parameters specified in Table 11.1.8.1.1-1 and the test procedure is specified as follows:
Assume there are 2 component carriers.
In component carrier i 
-	Ni UEs transmit PSCCHs and corresponding PSSCHs to the tested UE per slot with each UE occupying one subchannel.
-	x UEs transmit PSCCHs and corresponding PSSCHs with high priority level on x subchannels that are randomly selected from 10 subchannels per slot and 10-x UEs transmit PSCCHs and corresponding PSSCHs with low priority level on the remaining subchannels. The indication of priority level specified in Clause 5.4.3.3 of TS 23.287 [12] and Clause 5.22.1.3.1 of TS 38.321 [8] is included in PSCCH.
Where x equals to: Y/2, Y is number of PSFCH resources UE can transmit in a slot over all aggregated SL carriers 
Where Ni equals to NRB,i/10, NRB,i is maximum number of RBs in component carrier i defined in 38.101-1
For each CC, following test metric is applied:
The probability of PSCCH miss detection for component carrier i is calculated as follows:

Where:	
-	# (Tx high priority PSCCH/PSSCH, i) denotes the total number of transmitted PSCCH/PSSCH with high priority level for component carrier i.
-	# (missing ACK/NACK, i) denotes the total number of missing ACK/NACK with high priority for component carrier i.



PSFCH decoding capability test
RAN1 is still working on PSFCH decoding capability definition:
	UE supports receiving X PSFCH resources in a slot over all aggregated SL carriers
· 1-1) UE is capable of receiving at least one PSFCH resource on each of the aggregated carriers in a slot
Candidate values for X are {FFS


We propose to select the bandwidth combination with maximum aggregated bandwidth that UE can support.
Proposal 6: Select the bandwidth combination with maximum aggregated bandwidth UE can support.
We propose the following test setup: (The wording can be refined):
	Assume there are two carriers
For each CC:
· In each slot, a group of UEs transmits PSFCHs to the tested UE. Information transmitted in each PSFCH is randomly selected from Option A, Option B and Option C with probability of 50%, 25% and 25% respectively. Transmitted PSFCHs are related to one PSSCH which is transmitted by tested UE and occupies all the subchannels. 
-	Option A: All the UEs in the group transmit ACKs
-	Option B: One UE transmits NACK and the rest of UEs transmit ACKs. The PSFCH resource index with NACK is random per slot
-	Option C: One UE transmits nothing (i.e.DTX) and the rest of UEs transmit ACKs. The PSFCH resource index of the DTX is random per slot.
· The number of UEs in the group equals X/2 where X equals to number of PSFCH resources in a slot over all aggregated SL carriers UE can support.
· The minimum requirements are specified in Table 11.1.9.1.1-2 with the test parameters specified in Table 11.1.9.1.1-1 



Proposal 7: Use following test setup for PSFCH decoding capability test: (The wording can be refined)
	Assume there are two carriers
For each CC:
· In each slot, a group of UEs transmits PSFCHs to the tested UE. Information transmitted in each PSFCH is randomly selected from Option A, Option B and Option C with probability of 50%, 25% and 25% respectively. Transmitted PSFCHs are related to one PSSCH which is transmitted by tested UE and occupies all the subchannels. 
-	Option A: All the UEs in the group transmit ACKs
-	Option B: One UE transmits NACK and the rest of UEs transmit ACKs. The PSFCH resource index with NACK is random per slot
-	Option C: One UE transmits nothing (i.e.DTX) and the rest of UEs transmit ACKs. The PSFCH resource index of the DTX is random per slot.
· The number of UEs in the group equals X/2 where X equals to number of PSFCH resources in a slot over all aggregated SL carriers UE can support.
· The minimum requirements are specified in Table 11.1.9.1.1-2 with the test parameters specified in Table 11.1.9.1.1-1



Sidelink unlicensed scenario
LBT model
Firstly, our understanding is that FBE (Fixed frame triggering) is not supported by SL-U, which means NR-U model may not be applicable. Our preference is to reuse framework of LAA LBT model as baseline, here is our proposal:
	1)	Select the number of slots  randomly from a given set of the number of slots  with equal probability as the total length of burst transmission format. 
2)     uniform random variable from [0, 1] is generated. 
· If the random variable is less than p which is given per test case, 
-	Start burst transmission with length selected in 1) at the end of last slot of previous burst.
· Otherwise, the burst transmission is muted and the muting duration is the same as the number of slots for determined burst format.


See the figure 2-1: V is the random variable to select from transmitting the burst and muting the burst:
[image: ]
Figure 2-1: Diagram of LBT model
Meanwhile, following clarifications are presented:
Each slot is fully occupied. (Start from symbol 0, end at symbol 13)
Based on RAN1 design, the last symbol of each slot is gap, which can be used for LBT processing, which can explain there is no slot-level gap between two consecutive transmission burst. For example, the last symbol of last slot of Transmission burst 3 can be used for LBT, so there is no necessity to delay the transmission burst 4.
It is possible that PSFCH occasion corresponds to the muted slots, UE is expected to perform type 1 LBT successfully to transmit PSFCH throughout the test. 
[bookmark: _Hlk162622399]There are three types of gap in one transmission burst as shown in Figure 2-2:
Gap 1: The gap between TE->tested UE PSSCH and tested UE->TE AGC
Gap 2: The gap between tested UE->TE PSFCH and TE->tested UE AGC
Gap 3: The gap between TE->tested UE PSSCH and TE->tested UE AGC
[image: ]
Figure 2-2: Gap example in one transmission burst
For Gap1: We can set CPE of PSFCH to  to let the Gap1 be 16us, so Type 2C LBT( Type 2C LBT means no LBT) is applied. 
For Gap2 and 3: TE can transmit CPE of PSSCH at  to let the Gap2 and 3 be 16us, so Type 2C LBT( Type 2C LBT means no LBT) is applied. 
Proposal 8: Use following LBT model:
	1)	Select the number of slots  randomly from a given set of the number of slots  with equal probability as the total length of burst transmission format. 
2)     uniform random variable from [0, 1] is generated. 
· If the random variable is less than p which is given per test case, 
-	Start burst transmission with length selected in 1) at the end of last slot of previous burst.
· Otherwise, the burst transmission is muted and the muting duration is the same as the number of slots for determined burst format.
Note: Each slot is fully occupied. (Start from symbol 0, end at symbol 13)



Observation 2: There are three type of Gaps shown in Figure 2-2:
Gap 1: The gap between TE -> tested UE PSSCH and tested UE->TE AGC
Gap 2: The gap between tested UE->TE PSFCH and TE->tested UE AGC
Gap 3: The gap between TE->tested UE PSSCH and TE->tested UE AGC
Proposal 9:
For Gap1: set CPE of PSFCH to  to let the Gap1 be 16us, so Type 2C LBT( Type 2C LBT means no LBT) is applied. 
For Gap2 and 3: TE transmit CPE of PSSCH at  to let the Gap2 and 3 be 16us, so Type 2C LBT( Type 2C LBT means no LBT) is applied. 

DMRS configuration 
There is an open issue that whether to use DMRS pattern {2,3} or {2,2}. We prefer to use {2,2} since it has been agreed to use low speed (30km/h)
Proposal 10: RAN4 to use DMRS {2,2} for SL-U requirements definition. 
We provide simulation results in Figure 2-3 and Table 2-2 with simulation assumptions captured in Table 2-1

Figure 2-3: BLER-SNR curve
Table 2-1: Test parameters
	Parameter
	Unit
	Value

	Active cell(s)
	
	None

	SL transmission model
	
	As specified in B.X

	Sidelink UE 1
	Sidelink transmissions
	
	PSCCH + PSSCH 

	
	PSSCH DMRS pattern (Note 1)
	
	{2,2}

	
	Number of interlace
	
	1 with RB index 0, 5, 10, …, 50

	
	Timing offset (Note 2)
	s
	CP/2-12*64*Tc

	
	Frequency offset (Note 3)
	Hz
	+650

	
	Synchronization
	
	GNSS or GNSS-equivalent

	
	Antenna configuration
	
	1x2 Low

	PSFCH resource period
	Slot
	4

	MinTimeGapPSFCH
	Slot
	3

	Note 1: {x, y}: x and y means the number of DMRS symbols for slot with PSFCH transmission and without PSFCH transmission, respectively. 
Note 2: Time offset of transmitted Sidelink UE signal with respect to GNSS referring timing. 
Note 3: Frequency offset of transmitted Sidelink UE signal with respect to GNSS reference frequency.



Table 2-2: Minimum performance for SL-U
	Test num.
	Reference channel
	Bandwidth (MHz)/
Subcarrier spacing(kHz)
	Modulation format and code rate
	Propagation condition
	Reference value

	
	
	
	
	
	PSSCH BLER (%)
	SNR(dB) of PSSCH

	1
	R.PSSCH.2-2.1
	20 / 30
	16QAM, 0.37
	TDLA30-195
	10 %
	8.3



Resource pool configuration 
Resource pool in Table 11.1.1.2-1 in 38.101-4 could be reused. However, some new Rel-18 parameters related to shared spectrum access should be specified. We propose the following table:
Table 2-3: Proposed additional resource pool configuration
	Resource pool configuration 
	Parameter
	
	Value

	
	Number of interlaces per sub-channel within a resource pool (sl-NumInterlacePerSubchannel-r18)
	
	1

	
	Reference number of PRBs of one interlace within 1 RB set for TBS determination (sl-NumReferencePRBs-OfInterlace)
	
	11

	
	Reference number of symbols for TBS determination. (sl-NumRefSymbolLength)
	
	14

	
	CPE starting position within the GP symbol before PSFCH transmission(sl-CPE-StartingPositionPSFCH
)
	
	16 us after starting of the gap symbol before PSFCH transmisson

	
	PSFCH transmission structure (sl-TransmissionStructureForPSFCH-r18)
	
	CommonInterlace

	
	Number of dedicated PRBs for PSFCH
(sl-NumDedicatedPRBs-ForPSFCH-r18)
	
	1

	
	The common interlace index for PSFCH
(sl-PSFCH-CommonInterlaceIndex-r18)
	
	0

	
	Number of PSFCH occasiopns corresponding to one PSSCH/PSCCH transmission. (sl-NumPSFCH-Occasions-r18)
	
	1



Proposal 11: RAN4 to use Table 2-3 for additional resource pool configuration besides Table 11.1.1.2-1

2   Conclusion
In this contribution we provide our views on the open issues on sidelink demodulation discussions, the proposals and observations are:

PSSCH performance requirements
Proposal 1:  Reuse the NR CA test setup approach. I.e. Define requirements for all CA combination and define requirements for single CC with all bandwidth and apply the requirements to each component carrier. 
Proposal 2: Each CC is configured with 2 subchannels (20RBs), existing requirements. e,g. Test 2 in Table 11.1.2.1.1-1 can be applied without simulation work.
Proposal 3: Introduce the applicability rule that the bandwidth combination to be selected is with maximum supported aggregate bandwidth.

Observation 1: Based on the latest feature list, it is agreed not to introduce the capability “report Maximum number of non-overlapping RBs per slot across all carriers the UE can attempt to decode” 

PSCCH decoding capability test
Proposal 4: Select the bandwidth combination with maximum aggregated bandwidth UE can support.
Proposal 5: Use following test setup for PSCCH decoding capability test: (The wording can be refined)
	The minimum requirements are specified in Table 11.1.8.1.1-2 with the test parameters specified in Table 11.1.8.1.1-1 and the test procedure is specified as follows:
Assume there are 2 component carriers.
In component carrier i 
-	Ni UEs transmit PSCCHs and corresponding PSSCHs to the tested UE per slot with each UE occupying one subchannel.
-	x UEs transmit PSCCHs and corresponding PSSCHs with high priority level on x subchannels that are randomly selected from 10 subchannels per slot and 10-x UEs transmit PSCCHs and corresponding PSSCHs with low priority level on the remaining subchannels. The indication of priority level specified in Clause 5.4.3.3 of TS 23.287 [12] and Clause 5.22.1.3.1 of TS 38.321 [8] is included in PSCCH.
Where x equals to: Y/2, Y is number of PSFCH resources UE can transmit in a slot over all aggregated SL carriers 
Where Ni equals to NRB,i/10, NRB,i is maximum number of RBs in component carrier i defined in 38.101-1
For each CC, following test metric is applied:
The probability of PSCCH miss detection for component carrier i is calculated as follows:

Where:	
-	# (Tx high priority PSCCH/PSSCH, i) denotes the total number of transmitted PSCCH/PSSCH with high priority level for component carrier i.
-	# (missing ACK/NACK, i) denotes the total number of missing ACK/NACK with high priority for component carrier i.



PSFCH decoding capability test
Proposal 6: Select the bandwidth combination with maximum aggregated bandwidth UE can support.
Proposal 7: Use following test setup for PSFCH decoding capability test: (The wording can be refined)
	Assume there are two carriers
For each CC:
· In each slot, a group of UEs transmits PSFCHs to the tested UE. Information transmitted in each PSFCH is randomly selected from Option A, Option B and Option C with probability of 50%, 25% and 25% respectively. Transmitted PSFCHs are related to one PSSCH which is transmitted by tested UE and occupies all the subchannels. 
-	Option A: All the UEs in the group transmit ACKs
-	Option B: One UE transmits NACK and the rest of UEs transmit ACKs. The PSFCH resource index with NACK is random per slot
-	Option C: One UE transmits nothing (i.e.DTX) and the rest of UEs transmit ACKs. The PSFCH resource index of the DTX is random per slot.
· The number of UEs in the group equals X/2 where X equals to number of PSFCH resources in a slot over all aggregated SL carriers UE can support.
· The minimum requirements are specified in Table 11.1.9.1.1-2 with the test parameters specified in Table 11.1.9.1.1-1



LBT model
Proposal 8: Use following LBT model:
	1)	Select the number of slots  randomly from a given set of the number of slots  with equal probability as the total length of burst transmission format. 
2)     uniform random variable from [0, 1] is generated. 
· If the random variable is less than p which is given per test case, 
-	Start burst transmission with length selected in 1) at the end of last slot of previous burst.
· Otherwise, the burst transmission is muted and the muting duration is the same as the number of slots for determined burst format.
Note: Each slot is fully occupied. (Start from symbol 0, end at symbol 13)



Observation 2: There are three type of Gaps shown in Figure 2-2:
Gap 1: The gap between TE->tested UE PSSCH and tested UE->TE AGC
Gap 2: The gap between tested UE->TE PSFCH and TE->tested UE AGC
Gap 3: The gap between TE->tested UE PSSCH and TE->tested UE AGC
Proposal 9:
For Gap1: set CPE of PSFCH to  to let the Gap1 be 16us, so Type 2C LBT( Type 2C LBT means no LBT) is applied. 
For Gap2 and 3: TE transmit CPE of PSSCH at  to let the Gap2 and 3 be 16us, so Type 2C LBT( Type 2C LBT means no LBT) is applied. 

DMRS configuration 
Proposal 10: RAN4 to use DMRS {2,2} for SL-U requirements definition. 

Resource pool configuration 
Proposal 11: RAN4 to use Table 2-3 for additional resource pool configuration besides Table 11.1.1.2-1
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