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1. Introduction

The Rel-14 V2V WI [1] introduced the support of the V2V PC5 (sidelink) communication. In particular, a number of SL physical layers enhancements were made to ensure reliable operation for the V2V propagation environments. In accordance to the Rel-14 V2V WI objectives the RAN4 WG needs to specify UE demodulation requirements for the new V2V Sidelink physical channels. In the previous meetings agreements on the V2V UE demodulation requirements test cases were reached [2]:

	· Test cases and purposes
· Single-link PSSCH and PSCCH demodulation performance
· Multi-link PSSCH and PSCCH demodulation performance
· Maximum process test


In this contribution we provide our views on the Multi-link PSSCH and PSCCH demodulation performance.
In accordance to the RAN4 #80bis agreements three main purposes are considered for the multiple link demodulation performance [2]:

· Capability to perform simultaneous reception of multiple V2V links with different propagation conditions (time offset, carrier frequency error, delay spread, Doppler spread)

· Capability to perform reception of links with max power imbalance
The following multiple-link demodulation test cases design principles are suggested for further consideration:

· Synchronization: GNSS based

· Band 47 only

· The test cases should be defined for 10MHz and 20MHz BWs

· Noise limited environment (i.e. no collisions from different V2V transmissions)

2. Test #1: Power imbalance test case

A WF on the V2V power imbalance test case was agreed in RAN4 #81 [3]:
	· Agree on introducing power imbalance test for V2V demodulation requirements
· Reuse existing D2D methodology as baseline
· Once ICS and SINR2 values are decided, SNR1 and SNR2 value can be calculated by agreed equation.
· How to handle 3 dB boosted PSCCH impact
· Option 1. Consider modified SNR calculation equation
· SINR2 = SNR2 – 10*log10(α * 10((SNR1+ICS)/10) + 1)
· α = (2*NPRB-PSCCH+NPRB-PSSCH)/(NPRB-PSCCH+NPRB-PSSCH)
· Option 2. Use non-adjacent PSCCH/PSCCH transmission
· Option 3. Other options is not precluded.
· ICS(In-Channel Selectivity) values

· Option 1. Reuse existing D2D ICS value of -21 dBc.

· Option 2. Defer until IBE requirement is finalized in RF room.

· Other options are not precluded.

· In next meeting, interesting companies are encouraged to propose specific ICS value based on analysis.

· Simulation assumptions

· In next meeting, interesting companies are encouraged to submit simulation results to decide SINR2 values
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Detailed test configuration including Tx Fo/To parameters will be discussed in next meeting.


Below we share our views on the remaining details of the test setup and performance requirements:
· PSCCH boosting impact: Non-adjacent PSSCH/PSCCH transmissions are recommended to avoid possible impact on the performance. In this case, the PSSCH from the two UEs should be transmitted in the adjacent PRBs, while, the PSCCH transmissions should be distributed (i.e. non adjacent transmission to avoid impacts).
· ICS requirements: In Rel-12 the ICS value was agreed to be equal -21dBc. In accordance to the Rel-12 discussion the RX ICS requirements should not impose tighter constraints than TX IBE. Assuming that RF room discussion on the IBE requirements is ongoing, the final decision on the ICS value can be postponed. 
· Weak link SNR

· The following procedure is suggested to define the weak link SNR value
· SINR2 is derived from simulation results for decoding SNR@10% BLER point
· SNR2 = SINR2 + 5dB (additional offset is required in order to ensure that performance is interference limited)
· In Figure 1 we provide link level results the Single UE transmission case which is helpful to define the SINR 2 values. Based on the simulation results, the following values are suggested:
· SINR 2 = 7.9 dB (taking into account impairments margin)
· SNR 2 = 12.9 dB
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	Figure 1. Single link power imbalance test link level results.


· Strong link SNR

· In accordance to the Rel-12 approach the strong link SNR can be derived as follows: SNR1 = 10*log10(10^(SNR2 – SINR2)/10 – 1) – ICS = 3.34dB – ICS

· For -21dBc ICS SNR1 = 24.3 dB

· For -19dBc ICS SNR1 = 22.3 dB

· Joint demodulation performance
· In the Figure 2 we illustrate the simulation results for the case of explicit modelling of two links. The strong link SNR is fixed based on description above and the weak link performance is analysed. In the simulation results we explicitly model imperfect synchronization at the RX side and take into account respective ICI effects in the demodulation performance. In addition, in the simulations we assume that ICS results in the additional interference level (INR = SNR1 – ICS). The simulation results show that 
· Receiver with Cross DMRS CFO estimation is more robust to ICI effects.
· It may be difficult to guarantee the ICS = -21dBc due to imperfect synchronization effects.
	(A) ICS = -19dB, SNR1 = 22.3
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	(B) ICS = -21dBc, SNR1 = 24.3
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	Figure 1. Two link power imbalance link level results.


Proposal #1:
Use the following power imbalance test case parameters and requirements:

· Non-adjacent PSSCH/PSCCH transmissions

· ICS = [-19] dBc. Further discuss final ICS value once RF room finalizes IBE requirements
· SNR1 = [22.3] dB

· SINR2 = 7.9 dB

· SNR2 = 12.9 dB

3. Test #2: Multi-link signal reception
The following multi-link signal reception test case parameters should be considered:

· Purpose: Ensure that UE is capable of simultaneous reception of multiple V2V links with different propagation conditions (time offset, carrier frequency error, delay spread, Doppler spread)

· In each subframe UE is supposed to receive signals from two V2V transmitters 

· V2V TX UE #1: Time offset 1, CFO 1, Delay spread #1, Doppler spread #1

· V2V TX UE #2: Time offset 2, CFO 2, Delay spread #2, Doppler spread #2

· The following test parameters can be considered for the test:

Table 1: Multi-link signal reception test parameters 

	Parameters
	Values

	Bandwidth
	10/20 MHz

	V2V TX UE #1
	PSSCH
	10 PRB; QPSK 1/3; 1 TTI

	
	Propagation condition
	EVA_X

	
	Time offset vs GNSS
	+12 Ts

	
	Frequency offset vs GNSS
	+600 Hz

	V2V TX UE #2
	PSSCH
	10 PRB (non-overlapping); QPSK 1/3; 1 TTI

	
	Propagation condition
	ETU_Y

	
	Time offset vs synch. 
	-12 Ts

	
	Frequency offset vs GNSS
	-600 Hz

	Synchronization
	GNSS or GNSS-equivalent


Proposal #2:
Use parameters in Table 1 for the multi-link signal reception test case

4. Conclusions

In this contribution we have provided our views on the V2V multiple link test case demodulation test cases. In summary, we make the following proposals:
Proposal #1:
Use the following power imbalance test case parameters and requirements:

· Non-adjacent PSSCH/PSCCH transmissions

· ICS = [-19] dBc. Further discuss final ICS value once RF room finalized IBE requirements
· SNR1 = [22.3] dB

· SINR2 = 7.9 dB

· SNR2 = 12.9 dB

Proposal #2:
Use parameters in Table 1 for the multi-link signal reception test case
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