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Introduction
In the RAN4 #96-e meeting, WF on work scope and general assumptions for NR V2X demodulation performance was agreed [1].
In this paper we provide our view on V2X requirements work scope and scenarios.
Discussion
Work scope
In the previous RAN4 meeting the following agreements were reached on work scope
	· [bookmark: _Hlk36804612]List of test cases to define demodulation performance requirements in Rel-16
	
	Test cases
	Note

	Single link test
	PSSCH demodulation 
	

	
	PSCCH demodulation 
	

	
	PSBCH demodulation 
	

	
	PSFCH demodulation 
	

	Multiple link test
	Power imbalance test
	

	
	HARQ buffer soft combining
	Just one test depending on UE capability declaration

	
	PSCCH/PSSCH decoding capability 
	

	
	PSFCH decoding capability
	

	
	[SDR with active sidelink]
	


· Whether to define SDR with active sidelink test case need further discussion


Based on previous RAN4 meeting, it is still open whether to define SDR requirements with active sidelink. Similar requirements were introduced for LTE V2X in order to ensure that there are no mutual impacts from WAN to V2X and from V2X to WAN operation when UE is under concurrent operation. The main purpose of such demodulation test would be to ensure that V2X capable UE has separate soft buffers for WAN and V2X operation. For example, in case UE does not have enough memory to handle WAN/V2X the performance of either of them may decrease. Therefore, we think that such requirements should be defined form NR V2X in the Rel-16 scope.
Proposal 1:	Define SDR requirements with active sidelink in the scope of Rel-16 V2X.
General simulation assumptions
Maximum speed
In the previous RAN4 meeting the following agreements were reached on maximum relative speed which should be consider for V2X requirements definition
	· Relative velocity for test cases
· Candidate values for test cases
· 30km/h
· 260km/h
· 500km/h


From our companion paper [2] we can observe, similar to LTE V2X, NR V2X design allows to operate under 500 km/h relative vehicle speed conditions. Also, from Section 14 of TS 36.101 we can observe that requirements are defined for different channels (i.e. EVA180, EVA1500, EVA2700) which correspond to different relative vehicle speeds. Therefore, we propose to define NR V2X demodulation requirements covering deferent vehicle relative speeds (i.e. 30, 260 and 500 km/h).
Proposal 2:	Define Rel-16 V2X demodulation requirements for different relative vehicle speeds: 30, 260 and 500 km/h.
Synchronization assumptions
In the previous meeting the following agreements were reached on sync assumptions and corresponding TO/FO values:
	· Tx UE side
· FO: 0.1ppm for GNSS
· TO: 
· 12Ts for GNSS
· 0 if Tx UE is used as SyncRefUE, otherwise 8Ts
· TO/FO are values with respect to sync source reference timing/frequency 
· Rx UE side
· FO: 
· 0.2ppm for GNSS
· 0.1ppm for SyncRefUE
· TO:
· 24Ts for GNSS
· 8Ts (30kHz SCS) for SyncRefUE
· TO/FO are values with respect to Tx UE timing/frequency
· TO/FO are sum of TO/FO from Tx UE and TO/FO for Rx UE itself
· FFS on TO and FO based on gNB sync source if gNB based test case is agreed to define


In terms of UE demodulation, the key difference between GNSS and gNB synchronization is the achievable TX and RX frequency and timing synchronization accuracy.
When gNB is used for V2X system synchronization the synchronization is derived using PSS/SSS and the following factors affect the TX and RX frequency accuracy at the UE vehicle side:
· 

gNB transmit signal frequency error relative to absolute carrier frequency  which can be assumed equal to ±0.05 ppm for Wide Area BS and ±0.1 ppm for Medium Range BS or Local Area BS (based on Table 6.5.1.2-1 from TS 38.104): 
· 
Receive signal frequency offset due to Doppler shift on the cellular link relative to the gNB transmit frequency (where v is the UE speed relative to the gNB). In the general case, it may not be assumed that UE is capable to dynamically track the Doppler shift during the synchronization and, hence, the respective errors need to be taken into consideration.
· 

Residual receiver frequency estimation error at the UE side  relative to the “actual received frequency” . NR V2X frequency error was agreed to be equal ±0.1 ppm.

So, in case of using gNB signals for frequency synchronization, the vehicle UE TX and RX frequency errors would be equal .
In Table 1 we illustrate upper bounds of TX/RX frequency errors for the case of gNB synchronization. Three velocity scenarios are considered:
· Scenario #1: 30 km/h relative UE speed (15 km/h per V-UE)
· Scenario #2: 260 km/h relative UE speed (130 km/h per V-UE)
· Scenario #3: 500km/h relative UE speed (250 km/h per V-UE)
[bookmark: _Ref481325894]Table 1. TX/RX frequency error analysis
	gNB frequency error
	TX/RX frequency error

	
	Scenario #1
	Scenario #2
	Scenario #3

	Case 1: ±0.05ppm
	±967 Hz
	±1595 Hz
	±2251 Hz

	Case 2: ±0.1ppm
	±1262 Hz
	±1890 Hz
	±2546 Hz


From this table we can observe that TX/RX FO values for all considered scenarios are much higher than for scenarios with GNSS based synchronization. Therefore, we think that it is rather important to verify that V-UE can make demodulation under such high FO values.
LTE V2X requirements are defined for scenario with EVA180 channel model and 1300 Hz FO. From NR V2X test coverage we think that it will be sufficient to define one test for scenario with 30 km/h relative speed and ±1300 Hz FO.
As for timing synchronization accuracy, based on TS 38.133 the following timing error requirements are defined for scenarios with NR Cell as synchronization reference source.
	Table 12.2.3-1: Te Timing Error Limit
	Frequency Range of sidelink
	SCS of SSB signals ( kHz)
	SCS of sidelink signals (kHz)
	Te

	FR1
	15
	15
	14*64*Tc

	
	
	30
	12*64*Tc

	
	
	60
	12*64*Tc

	
	30
	15
	10*64*Tc

	
	
	30
	12*64*Tc

	
	
	60
	9*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6].





[bookmark: _GoBack]At current stage, NR V2X concurrent operation is defined for band V2X_n71_n47. Based on 38.101-1, SSB SCS for band n71 is 15 kHz. In the previous meeting it was agreed to define V2X demodulation requirements for 30 kHz SCS. Based on Table from TS 38.133, UE timing error 12*64*Tc should be assumed for definition of V2X demodulation requirements with gNB based synchronization. Another factor, which should be taken into account, is that Tx and Rx UEs can be synchronized to different gNBs, which can have cell phase synchronization difference. Based on our understanding, to take into account this factor, ±24Ts was agreed to LTE V2X. Therefore, we suggest to reuse this assumption for NR V2X, assuming that UE timing error for LTE V2X and consider NR V2X scenarios is same (i.e. 12 Ts).
Proposal 3:	Define Rel-16 V2X demodulation requirements for scenarios with gNB based synchronisation, relative vehicle speed 30 km/h, TX/RX frequency offset ±1300 Hz and TX/RX time offset ±24Ts.
Requirements with 256QAM modulation
In the previous RAN4 meeting, it was agreed that 256QAM modulation is the optional feature for transmission and reception. Same time, at current stage most of parameters and simulation assumptions are still open for definition of requirements to verify basic V2X functionality. Therefore, we propose to postpone the discussion on definition of 256QAM until simulation assumption for verification of basic V2X functionality will be stable.
Proposal 4:	Postpone the discussion on definition of 256QAM until simulation assumption for verification of basic V2X functionality will be stable.
Resource pool configuration
In the previous RAN4 meeting it was agreed that 20 MHz and 30 kHz is the basic CBW/SCS combination for V2X requirements definition. Based on 38.101-1 the maximum transmission number of PRBs is 51. Based on current V2X design, channel bandwidth is divided on sub-channels with one of the following sizes: 10, 12, 15, 20, 25, 50, 75, 100 and the resource allocation unit in the frequency domain is the sub-channel. For more efficient utilization of 20 MHz with 30 kHz the following combination of sub-channel size and number of sub-channels can be considered: {10, 5}, {25, 2} and {50, 1}.
Most of LTE V2X requirements are defined for small PRB allocation. We think that NR V2X requirements can be also defined for such scenarios. Therefore, we propose to use the following resource pool configuration for scenarios with 20 MHz and 30 kHz: sub-channel size = 10 PRBs, number of sub-channels = 5.
Proposal 5:	Use the following resource pool configuration for V2X demodulation requirements with CBW 20 MHz and SCS 30 kHz: sub-channel size = 10 PRBs, number of sub-channels = 5.
Conclusion
In this paper we provided view on V2X demodulation requirements and made the following proposals:
Proposal 1:	Define SDR requirements with active Sidelink in the scope of Rel-16 V2X.
Proposal 2:	Define Rel-16 V2X demodulation requirements for different relative vehicle speeds: 30, 260 and 500 km/h.
Proposal 3:	Define Rel-16 V2X demodulation requirements for scenarios with gNB based synchronisation, relative vehicle speed 30 km/h, TX/RX frequency offset ±1300 Hz and TX/RX time offset ±24Ts.
Proposal 4:	Postpone the discussion on definition of 256QAM until simulation assumption for verification of basic V2X functionality will be stable.
Proposal 5:	Use the following resource pool configuration for V2X demodulation requirements with CBW 20 MHz and SCS 30 kHz: sub-channel size = 10 PRBs, number of sub-channels = 5.
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