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1   Background
In RAN4#81 meeting, there are some discussions on single-link V2V performance requirements [1].The detailed simulation assumptions are given in [3]. The agreements are:
· No retransmission is used
· Relative timing error (considering Tx and Rx): 24Ts
· Relative frequency error (considering Tx and Rx): 1200Hz
· Propagation condition
· Option 1: EVA180
· Option 2: EVA1500
· Option 3: EVA2700
· Option 4: EVA1000
· Other options are not precluded and down selection in next meeting
· Bandwidth: 10 MHz
In this contribution, we will analyze the issue and present the evaluation results.
2   Discussion

According to [2], for PSCCH, modifications for PSCCH are given in below:

-
For sidelink transmission modes 3 and 4 on the PSCCH, the cyclic shift 
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 to be applied for all DM-RS in a subframe shall be chosen according to clause 14.2.1 of [4]. 

-
For sidelink transmission modes 1and 2, the quantity 
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 in clause 5.5.2.1.1 takes the values 
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 and for sidelink transmission modes 3and 4, the quantity 
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 in clause 5.5.2.1.1 takes the values 
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-
For sidelink transmission modes 3 and 4, the quantity 
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 equals the CRC on the PSCCH.
Table 1: Reference signal parameters for PSCCH
	Parameter in clause 5.5.2.1
	PSCCH

	
	Sidelink transmission modes 1 and 2
	Sidelink transmission modes 3 and 4

	Group hopping
	
	disabled
	disabled
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	Sequence hopping
	
	disabled
	disabled

	Cyclic shift
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	{0, 3, 6, 9}

	Orthogonal sequence
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	Reference signal length
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	Number of layers
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	1
	1

	Number of antenna ports
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For the V2V PSCCH test, the propagation condition should also be discussed as PSSCH and the there are some different issues from PSSCH test.
Test case handling

From the preliminary evaluation result of last meeting, we observe that when relative UE speed is 500km/h, the PSCCH performance is hard to reach 1% BLER. This is mainly because the large Doppler spread which resulting the coherent time very small. So when interpolate channel, it is not accurate enough and introduce too much interference.
For the channel estimation filter in time domain, there are some discussions in last meeting:
· Channel estimation interpolation filter in time domain
· Option 1: Linear channel interpolation
· Option 2: Doppler spread conditions adaptive interpolation
· Interested companies are encouraged to provide analyses and other options are not precluded and down select in next meeting
Some companies bring analyses to show that advance channel interpolation can reach better performance. We agree that advance channel interpolator like MMSE filtering can bring better performance. However, before we go into details about these advanced receivers, we should analyze and figure out the current situation.
Actually, from the evaluation results, only at UE relative speed 500km/h performance of PSCCH has some error floor and is difficult to reach 1% BLER. For other UE relative speeds, like 280km/h, 120km/h, 30km/h, 100km/h, UE can easily reach 1% BLER using option 1, i.e. linear channel interpolation.
The other point is that actually during RAN1 study, performance of PSCCH can reach 1% BLER at 500km/h in UMi channel. This is because although the maximum Doppler shift is same when the UE relative speed is 500km/h, the rms Doppler spread is different. For EPA/EVA channel, rms Doppler spread is higher than UMi channel. So the performance for EPA/EVA channel is worse than UMi channel when the UE relative speed is 500 km/h. So, if we want to define the maximum speed UE supported in EPA/EVA channel, it’s better to align the rms Doppler spread.
For the performance degradation at high Doppler spread, it is a gradual process rather than the discontinuous performance gap like “cross-DMRS” method. If UE use “single-DMRS” method and linear channel interpolation with proper implementation, it can pass the test. Of course, if UE has higher capability with advanced channel interpolation algorithms, the performance will be better and UE can also pass the test.
In this case, the workaround is to define PSCCH performance at the same UE relative speed as PSSCH, i.e. 280 km/h, 1500Hz. It will make no difference for UE implementation if we define the requirement at UE relative speed to be 500km/h, 2700Hz.
So, we propose that:
Proposal 1: Use EVA1500 and linear channel interpolation to define V2V PSCCH requirement.
Performance Evaluation
For PSCCH performance evaluation, detailed simulation assumptions are listed in Table 1 according to [2]. 
Table 1: Simulation assumptions for PSCCH
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	RB
	
	2

	Payload
	bit
	48

	Modulation order
	
	QPSK

	Time offset
	
	+24Ts

	Frequency offset
	Hz
	+1200

	Propagation channel
	
	EVA180/1000/1500/2700

	Antenna configuration
	
	1x2 Low

	Soft-combining
	
	No

	Synchronization
	
	GNSS or GNSS-equivalent


Note that the 48-bit payload for PSCCH includes 16-bit CRC.

The detailed PSCCH performances at different Doppler spread are given in Figure 1. We use the linear channel interpolation method as the baseline receiver.
We can see that even in EVA2600 channel, performance of PSCCH can reach 1% BLER at about 7dB and error floor is lower than 1% BLER. For EVA2700 channel, error floor is near 1% BLER, although we may find a SNR for the PSCCH curve to reach 1% BLER, it is not a good test point because small performance diverse may cause high SNR separation.
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Figure 1: V2V PSCCH performances at different Doppler spread
So in order to get a stable test point, it is better to select a proper Doppler spread to define the requirement. According to the previous analyses, EVA1500 is a good choice.
Also from the simulation results, we can see that the performance start to deteriorate from 2000Hz and gradually arise the error floor. The error floor also becomes higher for higher Doppler spread since the channel changes too fast.
3   Conclusions
In this contribution, we analyses PSCCH requirement and propose that:
Proposal 1: Use EVA1500 and linear channel interpolation to define V2V PSCCH requirement.
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