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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK26]The core specification for Rel-16 V2X is almost completed. In this paper we give our discussions on test scenarios for Rel-16 V2X.
Discussion
General 
Synchronization
For V2X operation in ITS spectrum, it is a mandatary feature that UE supports GNSS and SyncRef UE as the synchronization reference while it is an optional feature that UE use gNB as the synchronization reference. So we propose to use GNSS and SyncRef as synchronization reference for test of Rel-16 V2X
SyncRef UE can be used as synchronization reference for the PSBCH test because PSBCH is used to synchronize the RX UE with the TX UE.  It is noted that SyncRef UE is also use as synchronization reference for test of LTE PSBCH.
[bookmark: OLE_LINK25]GNSS based synchronization is expected to ensure better timing and frequency accuracy comparing to gNB and it is more widely used. For tests except for PSBCH, we propose to use GNSS as synchronization.
SCS
In ITS spectrum, 30 kHz is mandatory for UE, we propose to use SCS 30 kHz as baseline.
Antenna configuration 
1T2R is the most basic scenario for RF discussion. We prefer to use 1T2R.
Frequency offset
[bookmark: OLE_LINK22]According to TS 38101-1: For UE with GNSS as synchronization source, the frequency offset between UE and GNSS shall be within ±0.1 PPM. For the purpose of minimum requirements, the frequency error between TX UE and RX UE should be set to 0.2ppm (e.g.1200Hz for band n47). For UE with SLSS as synchronization source, the frequency offset between TX UE and RX UE shall be within ±0.1 PPM. For the purpose of minimum requirements, the frequency error between TX UE and RX UE should be set to 0.1ppm (e.g.600Hz for band n47).
Time offset 
[bookmark: OLE_LINK21][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK3]According to TS 38.133: For UE with GNSS as synchronization source, the time offset between UE and GNSS shall be within 12*64*Tc. For the purpose of minimum requirements, the time offset between TX UE and RX UE should be set to 24*64*Tc. For UE with SyncRef UE as synchronization source, the time offset between UE and SyncRef UE shall be within 8*64*Tc. For the purpose of minimum requirements, the time error between TX UE and RX UE should be set to 8*64*Tc.
Bandwidth
Three bandwidth are defined on band n47: 10MHz, 20MHz and 40MHz. Considering that n47 has a total bandwidth of 70MHz (5855mhz – 5925mhz), 20MHz has been allocated to LTE V2V, and the remaining 50MHz is allocated for NR V2X, 40 MHz is too large that operation will not have enough spectrum to allocate. We propose to reuse the CBW as LTE(i.e.20MHz)
Based on the above analysis, we give our proposals as follows:
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Proposal 1: Specify the requirement for V2V stand-alone operating (i.e. no WAN operation/coverage) on a dedicated V2V carrier (i.e. Band 47)
· For requirements except for PSBCH:
· Use GNSS as synchronization. 
· The relative frequency offset between TX UE and RX UE should be set to 0.2ppm.
· The time offset between TX UE and RX UE should be set to 24*64*Tc.
· For requirements for PSBCH:
· Use SyncRef UE as synchronization. 
· The relative frequency offset between TX UE and RX UE should be set to 0.1ppm.
· The time frequency offset between TX UE and RX UE should be set to 8*64*Tc.
· Use 1T2R and SCS 30 kHz for all the requirements.
· Use bandwidth 20MHz
PSSCH
PSSCH symbol length
[bookmark: OLE_LINK30]On V2X dedicated carrier, UE supports 14-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {13, 10} for slots wo/w PSFCH as mandatory and non-SL-slot is optional. We propose to use PSSCH symbols length 13 for slots without PSFCH and 10 for slots with PSFCH.(Including first symbol used for AGC)
Rank 
UE supports rank 1 as baseline and rank 2 as optional. So we propose to only test rank 1.
DMRS pattern & Doppler 
The vehicle speed is generally less than 120km/h and relative speed between TX UE and RX UE is less than 240km/h, we propose define performance requirements for PSSCH when relative speed is 240km/h and Doppler is 1330Hz (for band n47). The max CFO between two UEs can be calculated as following:
Max CFO=1330Hz Doppler +1200Hz frequency offset=2530Hz
We list all the DMRS patterns and the associated maximum CFO supported for PSSCH symbol lengths of 10 and 13 in Table 1:
[bookmark: OLE_LINK33]Table 1: The number of DMRS and corresponding maximum supported CFO
	Number of DMRS 

PSSCH symbol length
	
2
	
3
	
4

	10
	3000 Hz
	5000 Hz
	N/A

	13
	2140 Hz
	3000 Hz
	5000 Hz



Obviously, for slots without PSFCH, DMRS symbol 3 or 4 can support speed of 240km/h and for slots with PSFCH, DMRS symbol 2 or 3 can support speed of 240km/h. For purpose of minimal requirements, we propose to use DMRS symbol {3, 2} for slots wo/w PSFCH.
Proposal 2: Introduce the performance requirements for PSSCH with following conditions:
· PSSCH symbol length {13, 10} for slots without/with PSFCH
· Single-layer 
· Doppler is 1330Hz(240km/h) 
· Use DMRS number {3,2} for slots without/with PSFCH
PSCCH
[bookmark: OLE_LINK34]Doppler
We propose to use 1330Hz (240km/h) which is the same as PSSCH.
Capability of DMRS blind detection 
[bookmark: OLE_LINK29]For capability of PSCCH DMRS blind detection, Similar to LTE V2V, NR V2X should detect correct DMRS sequence within 3 different OCC set. Therefore, PSCCH DMRS blind detection should also be verified during PSCCH test requirements by using randomly OCC value for each PSCCH transmission. 
However, from our simulation results, PSCCH DMRS blind detection has no impact on performance. Therefore, we propose to not use PSCCH DMRS blind detection for simulation purpose.
Proposal 3: Introduce the performance requirements for PSCCH with following conditions:
· Doppler is 1330Hz(240km/h) .
· Use randomly selected OCC value for PSCCH on every sidelink transmission to verify PSCCH DMRS blind detection capability.
PSBCH
Doppler
We propose to use 1330Hz (240km/h) which is the same as PSSCH.
FRC
The structure of PSBCH depends on the CP type. According to the UE feature list[1], normal CP is basic feature of   UE and extended CP is optional. We propose to use normal CP and FRC can be determined as Table 2.
Table 2 FRC of PSBCH
	Parameter
	Unit
	Value

	Reference channel
	
	TBD

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	11

	CP-OFDM Symbols per TTI (see Note 1)
	
	13

	Modulation
	
	2

	Transport Block Size
	Bits
	56

	Transport block CRC
	Bits
	24

	Binary Channel Bits
	Bits
	891

	Note 1:	PSBCH transmissions are rate-matched for 9 CP-OFDM symbols as described in TS 38.211, clause 8.4.3.


Transmission pattern 
According to the agreements of RAN1, the S-SSB period is 160ms and number of S-SSB transmissions within one S-SSB period when SCS is equal to 30kHz is (pre)configurable:
	· Agreement:
· The number of S-SSB transmissions within one S-SSB period is (pre)configurable
· For FR1:
· For 30kHz SCS, {1, 2}


To reduce the test time, we propose to use 2 S-SSB transmissions other than 1 within one S-SSB period.
[bookmark: OLE_LINK37]Proposal 4: Introduce the performance requirements for PSBCH with following conditions:
· Doppler is 1330Hz(240km/h) 
· Normal CP
· Use Table 2 as FRC
· Number of S-SSB transmissions within one S-SSB :2
PSFCH format 0
Design of PSFCH format 0 is similar to PUCCH format 0. From our considering, the difference between performance requirements for PSFCH and PUCCH is high Doppler, frequency offset and time offset. 
Doppler
We propose to use 1300Hz (240km/h) which is the same as PSSCH.
[bookmark: OLE_LINK40]Test scenario
[bookmark: OLE_LINK45][bookmark: OLE_LINK47]According to the agreement of RAN 1, UE can receive up to N PSFCH(s) resources in a slot. Candidate values for N are {5, 15, 25, 32, 35, 45, 50, 64} which depends on UE capability.  Like PSCCH decoding capability test, we propose to introduce multi-link scenario to verify the UE capability of processing N PSFCHs. 
Similar to PSCCH, PSFCH test should contain following two cases:
· Performance for single-link of PSFCH
· UE capability of processing multiple PSFCHs
Test metric 
UE can transmit ACK and NACK on PSFCH, similar to PUCCH format 0, we propose to use the same test metric as PUCCH format 0:
· SNR@ 1% ACK missed detection probability 
· DXT to ACK probability shall less than 1%
Proposal 5: Introduce the tests of PSFCH with following conditions:
· Both Performance for single-link of PSFCH and UE capability of processing multiple PSFCHs should be verified.
· Doppler is 1300Hz (240km/h)
· Test metric should be same as NR PUCCH format 0:
· SNR@ 1% ACK missed detection probability 
· DXT to ACK probability shall less than 1%
Conclusion
In this paper we give our discussions on test scenarios for Rel-16 V2X.
Proposal 1: Specify the requirement for V2V stand-alone operating (i.e. no WAN operation/coverage) on a dedicated V2V carrier (i.e. Band 47)
· For requirements except for PSBCH:
· Use GNSS as synchronization. 
· The relative frequency offset between TX UE and RX UE should be set to 0.2ppm.
· The time offset between TX UE and RX UE should be set to 24*64*Tc.
· For requirements for PSBCH:
· Use SyncRef UE as synchronization. 
· The relative frequency offset between TX UE and RX UE should be set to 0.1ppm.
· The time frequency offset between TX UE and RX UE should be set to 8*64*Tc.
· Use 1T2R and SCS 30 kHz for all the requirements.
· Use bandwidth 20MHz
Proposal 2: Introduce the performance requirements for PSSCH with following conditions:
· PSSCH symbol length {13, 10} for slots without/with PSFCH
· Single-layer 
· Doppler is 1330Hz(240km/h) 
· Use DMRS number {3,2} for slots without/with PSFCH
Proposal 3: Introduce the performance requirements for PSCCH with following conditions:
· Doppler is 1330Hz(240km/h) .
· Use randomly selected OCC value for PSCCH on every sidelink transmission to verify PSCCH DMRS blind detection capability.
Proposal 4: Introduce the performance requirements for PSBCH with following conditions:
· Doppler is 1330Hz(240km/h) 
· Normal CP
· Use Table 2 as FRC
· Number of S-SSB transmissions within one S-SSB :2
Proposal 5: Introduce the tests of PSFCH with following conditions:
· Both Performance for single-link of PSFCH and UE capability of processing multiple PSFCHs should be verified.
· Doppler is 1300Hz (240km/h)
· Test metric should be same as NR PUCCH format 0:
· SNR@ 1% ACK missed detection probability 
· DXT to ACK probability shall less than 1%

