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1 Introduction
In RAN4 #80bis meeting, a way forward on V2V demodulation tests was approved [1]. In the way forward, it was agreed that
· Working assumptions

· Band47 for V2V performance requirements, i.e. standalone V2V operation will be defined in V2V and Performance requirements for non-standalone scenario will be defined in V2X. 

· only consider GNSS or GNSS-equivalent as the synchronization source for V2V performance requirements

· TX/RX Timing error: ±12Ts 

· TX/RX Frequency error: ±600Hz

· AGC settling time (not used for demodulation) 

· Single symbol

· Baseline: adjacent RBs are allocated for SA and its associated PSSCH transmission in the same subframe 

· Physical channels

· Introduce performance requirement for PSSCH and PSCCH

· Discuss whether PSSCH and PSCCH should be tested jointly

· Test cases and purposes

· Single-link PSSCH and PSCCH demodulation performance

· Capability to handle high CFO

· Capability to handle high and low Doppler spread

· Capability of PSCCH DMRS blind detection

· Multi-link PSSCH and PSCCH demodulation performance

· 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

· Maximum process test

· UE speed and propagation condition

· The maximum speed to be used for requirements is FFS

· Companies are encourage to provide evaluation results for different relative vehicular speeds and also LOS/NLOS conditions

· 280km/h@5.9GHz, 

· 500 km/h@5.9GHz

· Other choice are not precluded 
· HARQ retransmission 
· Should comply with RAN1/2 conclusion 
· Reference V2V receiver assumptions

· RX timing window assumptions are FFS

· Option 1: set RX timing window on CP/2 from the GNSS reference time

· Other options not precluded

· Further study performance/complexity of CFO and  Doppler shift algorithms

· Option 1: “cross-DMRS” estimation

· Option 2: “single-DMRS” estimation 

· Further study channel and Doppler spread estimation impacts to the V2V UE demodulation performance.

· LMMSE-MRC reference receiver structure is used

· V2V UE receiver is capable of PSCCH DMRS cyclic shift blind detection

· Others

· Companies are encouraged to provide input on how to model these resource allocation in the demodulation test. 

It was also agreed that

Do not specify PSBCH requirement in V2V and define its requirement in V2X, depending on RAN1 final decision to include PSBCH in RAN1 specification.
In this contribution, we share our views on remaining issues of UE demodulation performance requirements for V2V.
2 Discussions on test cases
Single-link PSSCH and PSCCH demodulation performance tests
For RAN1’s agreements on V2V, SA is transmitted with each (re)transmission of a TB. UE is not expected to combine SA transmitted in different subframes. Therefore, for the demodulation requirements of PSCCH, single transmission of PSCCH and PSSCH can be considered.

Since the transmission number of PSSCH is preconfigured, and the number of transmission of a TB is 1 or 2, performance requirements for both PSSCH without retransmission and PSSCH with 1 retransmission can be specified. For the requirements of PSSCH demodulation of D2D, minimum influence of PSCCH to PSSCH was ensured with PSCCH power boosting. For V2V, the power boosting of PSCCH is fixed to be 3dB, the influence of PSCCH to PSSCH shall be studied. 

Proposal 1: For the tests of single-link PSCCH demodulation requirements, the retransmission of PSSCH is not considered.

Proposal 2: Specify test cases for PSSCH demodulation with 1 and 2 transmissions respectively.

Power imbalance performance with two links
For V2V, a UE always transmits SA and data in the same subframe, they can be in adjacent RBs or in non-adjacent RBs. Similar to D2D, the power imbalance of two sidelinks is coming from IBE, the scenarios that data of the two UEs in adjacent RBs will be more challenge. Therefore, for the test case of power imbalance performance with two links, the PSSCH of the two UEs can be in adjacent RBs. 
Proposal 3: For the test cases of power imbalance performance with two links, the PSSCH of the two UEs can be in adjacent RBs.
Maximum process test
Based on the conclusion in RAN1 #86bis meeting, in sidelink transmission mode 3 or 4, 

· A UE is not expected to try to decode more than N1 RBs in a subframe

· Further discussion the value of N1 (e.g., 100, 138 or 150)

· A UE is not expected to try to decode more than N2 PSCCHs in a subframe

· Further discussion the value of N2 (e.g., 10 or 20)

As there is still no final conclusion on the maximum process capability of UE, the test cases for maximum process can be specified when RAN1 has the conclusion.

Bandwidth
In RAN4 #80bis meeting, RAN4 had agreed that Band47 for V2V performance requirements, i.e. standalone V2V operation will be defined in V2V and performance requirements for non-standalone scenario will be defined in V2X. 10 MHz and 20 MHz are the only channel BWs supported in Rel-14. We can specify the demodulation performance requirements for V2V in Rel-14 for both 10 MHz and 20 MHz channel BWs.
Proposal 4: Specify the demodulation performance requirements for V2V for both 10MHz and 20 MHz channel BWs.
UE speed and propagation condition
For single-link demodulation tests, fading channel should be used. The test cases of V2V include both low mobility condition and high mobility condition. As the high mobility condition is more challenge, the propagation channel with high Doppler should be considered. For the high mobility condition, channel model of EVA or ETU can be considered. We slightly prefer the channel of EVA.
Although the objective speed of V2V is up to 500km/h, the performance of UE may not be guaranteed in such a high speed for Band 47. In figure 1, we provide our initial simulation results for PSSCH when the relative speed of UE is 280km/h and 500km/h. It can be seen that there is performance floor of PSSCH when the speed of UE is as high as 500km/h. Since there are only two meetings left for the V2V WI, we suggest only consider demodulation performance requirements under the speed of 280km/h, not to specify performance requirements under the speed of 500km/h in Rel-14.

Figure 1 PSSCH performance under different relative speeds
Proposal 5: Specify the single-link demodulation performance requirements for V2V under the relative speed of 280km/h.
Reference V2V receiver assumptions
In RAN4 #80bis meeting, the performance/complexity of the following two CFO and Doppler shift algorithms are to be studied:
•
Option 1: “cross-DMRS” estimation

•
Option 2: “single-DMRS” estimation
It is known that for the two options, the “cross-DMRS” estimation can have better performance when the CFO is in its estimation range. However, the max estimated CFO of this option is about 2.3 KHz. For V2V with GNSS or GNSS-equivalent as the synchronization source, the frequency offset of two UEs may as large as 1200Hz. For Band 47, when the speed is higher than 200km/h, the performance of this algorithm will be severally degraded. For “single-DMRS” estimation, its estimation range is large enough when UE’s speed is as high as 500km/h. However, it has poorer performance compared to the “cross-DMRS” estimation algorithm when CFO is small. For the tests of UE demodulation performance requirements, uniform algorithm of CFO and Doppler shift estimation should be used. We suggest use the “single-DMRS” estimation algorithm. 
In figure 2, our initial results of PSCCH performance with the two CFO and Doppler shift algorithms are provided. It can be seen from the results that significantly performance gain can be achieved by the “single-DMRS” estimation when the speed is 280km/h.
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Figure 2 Performance of PSCCH with different CFO and Doppler shift estimation algorithms

Proposal 6: CFO and Doppler shift algorithm with “single-DMRS” estimation is used for the requirements.
3 Simulation assumptions
Based on the above discussions, we give our suggestions on simulation assumptions for each test case.
Simulation assumptions for PSSCH and PSCCH are presented in Table 1 and Table 2 respectively.

Table 1: Simulation assumptions for PSSCH

	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10/20

	RB
	
	48/96

	MCS
	
	QPSK, 1/3

	Relative speed
	
	280km/h

	Time offset
	
	+24Ts

	Frequency offset
	Hz
	+1200

	Propagation channel
	
	EVA1500

	Antenna configuration
	
	1x2 Low

	Soft combining
	
	Yes/No

	Synchronization
	
	GNSS or GNSS-equivalent


Table 2: Simulation assumptions for PSCCH
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10/20

	RB
	
	2

	Payload
	bit
	48

	Modulation order
	
	QPSK

	Relative speed
	
	280km/h

	Time offset
	
	+24Ts

	Frequency offset
	Hz
	+1200

	Propagation channel
	
	EVA1500

	Antenna configuration
	
	1x2 Low

	Soft combining
	
	No

	Synchronization
	
	GNSS or GNSS-equivalent


Simulation assumptions for power imbalance are presented in Table 3.
Table 3: Simulation assumptions for power imbalance
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10/20

	RB
	
	[4]

	MCS
	
	QPSK, 1/3

	Relative speed
	
	0

	Time offset
	
	0

	Frequency offset
	Hz
	0

	Propagation channel
	
	Static channel

	Antenna configuration
	
	1x2 Low

	Soft combining
	
	Yes/No

	Synchronization
	
	GNSS or GNSS-equivalent

	Note1: The PSSCH of the two UEs are in adjacent RBs.
Note 2: The power imbalance of the two UEs is TBD.


4 Conclusions
In this contribution, we have provided our views on the open issues of V2V UE demodulation requirements. In summary, we make the following proposals:
Proposal 1: For the tests of single-link PSCCH demodulation requirements, the retransmission of PSSCH is not considered.

Proposal 2: Specify test cases for PSSCH demodulation with 1 and 2 transmissions respectively.

Proposal 3: For the test cases of power imbalance performance with two links, the PSSCH of the two UEs can be in adjacent RBs.

Proposal 4: Specify the demodulation performance requirements for V2V for both 10MHz and 20 MHz channel BWs.
Proposal 5: Specify the single-link demodulation performance requirements for V2V under the relative speed of 280km/h.
Proposal 6: CFO and Doppler shift algorithm with “single-DMRS” estimation is used for the requirements.
Besides, we have provided our suggestions on simulation assumptions of the test cases in section 3.
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