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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 focus on the single link demodulation performance aspects, reference receiver assumptions and also on the test methodology aspects.
2. PSSCH and PSCCH demodulation test setup
In the previous RAN4 #81 meeting a WF on single link V2V performance requirements was agreed [3]:

	PSSCH demodulation test

· Retransmission: 1 time with soft-combining

· Interval between two transmissions: 1ms
· Relative timing error (considering Tx and Rx): 24Ts

· FFS whether to take into account V2V signal propagation delay from TX to RX. To be decided in next meeting
· Relative frequency error (considering Tx and Rx): 1200Hz

· Propagation condition

· Option 1: EVA180,  QPSK/16QAM
· Option 2: EVA1500, QPSK
· Option 3: EVA2700, QPSK
· Option 4: EVA1000, QPSK/16QAM
· Other options are not precluded and down selection in next meeting
· Bandwidth: 10 MHz and 20 MHz

· Consider PSCCH performance when defining PSSCH performance

PSCCH demodulation test

· 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


Below we provide our recommendation on the test case parameters and requirements.
Common parameters

· Relative timing error: There are several factors affecting relative timing error including 1) TX timing error vs the synchronization reference, 2) propagation delay and 3) RX timing error vs the synchronization reference. The RX synch error cannot be directly controlled in the test and depends on UE implementation. In addition it was agreed that “V2V RX timing window is assumed to be set on CP/2 from the GNSS reference time”. Taking these factors into account it is suggested to specify that the RX signal has “CP/2 – 12Ts” timing offset relative to the synchronization source.
· Frequency error: The demodulation performance requirements should be defined under assumption of 1200 Hz frequency error. Meantime, from the test parameters perspective the TX error of +600Hz can be defined.
Proposal #1:
Define V2V demodulation requirements under assumption that receiver has 12Ts timing and 600Hz frequency synchronization error relative to GNSS synchronization source
Proposal #2:
Define V2V demodulation requirements under the following timing and frequency error at least for a subset of test cases
· “CP/2 – 12Ts” timing offset (max communication range)
· 1200 Hz relative frequency error
PSSCH test parameters

· PSSCH retransmissions:
· Both 1 TTI and 2 TTI modes need to be tested.

· For 2 TTI case soft-combining needs to be assumed. Interval between two transmissions is X ms with X > 1 to avoid cross subframe channel estimation impacts on the performance requirements.

· The following test scenarios are suggested to be defined:
· Test #1: EVA180 (30 km/h) + 1TTI + 16QAM 1/2
· Test #2: EVA1000 (180 km/h) + 1TTI + QPSK 1/3

· Test #3: EVA1500 (275 km/h) + 2TTI + QPSK 1/6
· Bandwidth: 10 MHz only. There is no need to duplicate tests for 10 and 20 MHz, since V2V capable UEs should be able to support both.
· Potentially some of the test cases can be combined into a single multi-link test case (e.g. UE receives transmissions from two other UEs with different propagation conditions). In the latter case the separate requirements for the reception of different signals can be considered.

· The test cases for both adjacent and non-adjacent PSSCH/PSCCH transmissions can be defined.
· PSCCH parameters need to be configured in a way to ensure reliable reception and avoid SCI decoding errors.
· Target requirement: [1% or 10%] PSSCH BLER
Proposal #3:
Define the following V2V PSSCH demodulation test cases
· Test #1: EVA180 (30 km/h) + 1TTI + 16QAM ½ + 10 MHz BW
· Test #2: EVA1000 (180 km/h) + 1TTI + QPSK 1/3 + 10 MHz BW
· Test #3: EVA1500 (275 km/h) + 2TTI + QPSK 1/6 + 10 MHz BW
PSCCH test parameters

· DMRS cyclic shift is randomly selected for each PSCCH transmission in order to ensure that UE applies multi DMRS hypothesis testing.

· No PSCCH retransmissions.

· Same set of scenarios as for PSSCH (2a, 2b, 2c) can be considered to ensure consistent UE performance.
· The following scenarios are suggested

· Test #1: EVA1000 (180 km/h)

· Bandwidth: 10 MHz
· Target requirement: 1% PSCCH BLER
Proposal #4:
Define the following V2V PSCCH demodulation test cases

· Test #1: EVA1000 (180 km/h) + 10 MHz BW

3. Reference receivers assumptions

In the previous RAN4 meeting the following agreements on the reference receiver assumptions were made [3]:

	Test cases handing

· CFO and Doppler Shift Estimation Algorithm

· Candidate estimation algorithms

· Method 1: “Single-DMRS” estimation

· Method 2: “Cross-DMRS” estimation 

· Performance requirements
· Option 1: V2V minimum demodulation performance requirements are defined based on Method #1
· Option 2: V2V minimum demodulation performance requirements are defined based on Method #2
· Option 3: Different UE capabilities are defined for Methods #1 and #2. Separate V2V minimum demodulation performance requirements are defined for UEs with different capabilities.
· Companies are encouraged to provide evaluation results for different options

· If results from companies are not aligned, FFS for detailed receiver assumptions

Simulation assumptions

· V2V RX timing window is assumed to be set on CP/2 from the GNSS reference time

· 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


3.1 CFO estimation

In Table 1 we summarize the observations on V2V demodulation performance under assumption of using different CFO estimation algorithms based on the simulation results in the companion paper [4].

Table 1. “Single DMRS” and “Cross DMRS” performance comparison summary 
(Feasible => solution allows achieving 10% BLER; Not feasible => solution does not allow achieving 10% BLER or has substantial loss)
	Test \ CFO method
	Method 1 
(“Single DMRS”)
	Method 2
(“Cross DMRS”)

	PSSCH

	PSSCH 1 TTI QPSK 1/6 EVA-180 (33 km/h)
	Feasible
	Feasible

	PSSCH 1 TTI QPSK 1/6 EVA-1000 (183 km/h)
	Feasible
	Feasible

	PSSCH 1 TTI QPSK 1/6 EVA-1500 (275 km/h)
	Feasible
	Feasible

	PSSCH 1 TTI QPSK 1/6 EVA-2700 (495 km/h)
	Not feasible
	Not feasible

	
	
	

	PSSCH 1 TTI QPSK 1/3 EVA-180 (33 km/h)
	Feasible
	Feasible

	PSSCH 1 TTI QPSK 1/3 EVA-1000 (183 km/h)
	Feasible
	Feasible

	PSSCH 1 TTI QPSK 1/3 EVA-1500 (275 km/h)
	Feasible
	Feasible

	PSSCH 1 TTI QPSK 1/3 EVA-2700 (495 km/h)
	Not feasible
	Not feasible

	
	
	

	PSSCH 1 TTI 16QAM 1/2 EVA-180 (33 km/h)
	Feasible
	Feasible

	PSSCH 1 TTI 16QAM 1/2 EVA-1000 (183 km/h)
	Feasible
	Feasible

	
	
	

	PSSCH 2 TTI QPSK 1/6 EVA-180 (33 km/h)
	Feasible
	Feasible

	PSSCH 2 TTI QPSK 1/6 EVA-1000 (183 km/h)
	Feasible
	Feasible

	PSSCH 2 TTI QPSK 1/6 EVA-1500 (275 km/h)
	Feasible
	Feasible

	PSSCH 2 TTI QPSK 1/6 EVA-2700 (495 km/h)
	Feasible
	Not feasible

	
	
	

	PSSCH 2 TTI QPSK 1/3 EVA-180 (33 km/h)
	Feasible
	Feasible

	PSSCH 2 TTI QPSK 1/3 EVA-1000 (183 km/h)
	Feasible
	Feasible

	PSSCH 2 TTI QPSK 1/3 EVA-1500 (275 km/h)
	Feasible
	Feasible

	PSSCH 2 TTI QPSK 1/3 EVA-2700 (495 km/h)
	Feasible
	Not feasible

	
	
	

	PSSCH 2 TTI 16QAM 1/2 EVA-180 (33 km/h)
	Feasible
	Feasible

	PSSCH 2 TTI 16QAM 1/2 EVA-1000 (183 km/h)
	Feasible
	Feasible

	PSCCH

	PSCCH EVA-180 (33 km/h)
	Feasible
	Feasible

	PSCCH EVA-1000 (183 km/h)
	Feasible
	Feasible

	PSCCH EVA-1500 (275 km/h)
	Feasible
	Feasible

	PSCCH EVA-2700 (495 km/h)
	Feasible
	Not feasible


It may be observed that Method #2 (“Cross DMRS”) allows good performance under scenarios with relative UE speed less than ~280 km/h. Meanwhile, Method #1 (“Single DMRS”) ensures more reliable performance for the very high speed propagation conditions (> 280 km/h). The latter is achieved at the cost of increased UE implementation complexity. Given the performance/complexity tradeoffs of the two algorithms, we recommend to introduce different UE capabilities for the two features and define separate UE demodulation performance requirements. 
Proposal #5:
Use Option 3 for CFO handling requirements: Different UE capabilities are defined for Methods #1 (“Single-DMRS”) and Method #2 (“Cross-DMRS”). Separate V2V minimum demodulation performance requirements are defined for UEs with different capabilities.
3.2 Channel estimation assumptions

Channel estimation assumptions may have noticeable impact on the UE demodulation performance and in the previous meeting it was agreed to further study the impacts. V2V links are expected to experience severe channel variations in time domain for the high speed propagation conditions. For the NLOS channels the high speed propagation conditions would result in strong Doppler spread effects. For 500km/h relative UE speed the maximum Doppler frequency is upper bounded by ~2.7kHz. Assuming using of MMSE channel estimation filter with channel interpolation in time domain, the maximum Doppler spread which is expected be handled by such filter is ~2.3kHz (similarly to CFO it depends on the distance between the DMRS symbols). Hence, the max handled speed under NLOS scenarios can be ~420km/h. In accordance to the prior RAN4 discussion several time domain channel estimation approaches can be considered for the minimum requirements definition:

· Option 1: Linear channel interpolation in time domain
· Option 2: Doppler spread conditions adaptive interpolation

In companion paper [4] we provide link level results for various propagation condition. From this results we can observe that for considered scenarios receivers with Doppler spread conditions adaptive interpolation allow achieving same or better performance in comparison with receiver with Linear channel interpolation in time domain. So, based on this observation we propose to use Doppler spread conditions adaptive interpolation for V2V demodulation performance requirements specification.
Proposal #6:
Define the minimum V2V demodulation performance requirements based on the Doppler spread conditions adaptive interpolation
3.3 PSCCH DMRS detection assumptions
In accordance to the RAN1 design the cyclic shift for the PSCCH DMRS is randomly selected out of {0, 3, 6, 9} by the transmitter on a subframe basis. The functionality was introduced to improve the signal reception in the interference limited conditions. In order to perform successful PSCCH reception, UE should be capable to perform blind detection of the DMRS cyclic shift. In particular, the following agreements were reached by RAN1:

	· PSCCH DM RS CS is blindly detected.

· Transmitter UE randomly selects one CS out of 4 candidates (details FFS) for every PSCCH transmission.
· At each SA resource candidate, a UE is not required to decode more than one PSCCH.

· It is RAN1 understanding that a UE will select the CS with the highest reception power. The related UE requirement is up to RAN4 decision.


So, for the definition of the Rel-14 V2V demodulation requirements the performance requirements should not require decoding more than one PSCCH for each SA resource candidate. In the latter case it is reasonable to assume that UE performs RX processing for the CS hypothesis with the strongest measured PSCCH-RSRP (similar to RAN1 understanding).

Proposal #7:
V2V UE demodulation requirements are defined under assumption that UE performs single SA hypothesis decoding corresponding to the cyclic shift hypothesis with the strongest PSCCH-RSRP.
4. Test methodology

The V2V test methodology is expected to be relatively similar to the D2D test methodology. In particular, it is anticipated that for the conformance testing a special test loop mode will be introduced in order to control that UE maintains the packet reception statistics and reports it back to the test equipment. 

One of the differentiating factors for V2V is that the performance requirements are planned to be introduced under GNSS based synchronization assumptions in the OOC conditions. In accordance to the RRM discussion, the time to establish GNSS synchronization depends on the availability of GNSS assistance information at the UE side. In case the information is not available the acquisition may take long time thus increasing the overall test time. Hence, it is recommended to provide GNSS assistance information to the UEs prior to performing V2V demodulation performance test cases. In our view, respective recommendations should be done to RAN5.
Proposal #8:
V2V demodulation performance requirements are defined under assumption that UE is provided with GNSS assistance information.
5. Conclusions

In this contribution we have provided our views on the V2V demodulation performance requirements. In summary, we make the following proposals:
Proposal #1:
Define V2V demodulation requirements under assumption that receiver has 12Ts timing and 600Hz frequency synchronization error relative to GNSS synchronization source
Proposal #2:
Define V2V demodulation requirements under the following timing and frequency error at least for a subset of test cases
· “CP/2 – 12Ts” timing offset (max communication range)
· 1200 Hz relative frequency error
Proposal #3:
Define the following V2V PSSCH demodulation test cases

· Test #1: EVA180 (30 km/h) + 1TTI + 16QAM ½ + 10 MHz BW

· Test #2: EVA1000 (180 km/h) + 1TTI + QPSK 1/3 + 10 MHz BW

· Test #3: EVA1500 (275 km/h) + 2TTI + QPSK 1/6 + 10 MHz BW
Proposal #4:
Define the following V2V PSCCH demodulation test cases

· Test #1: EVA1000 (180 km/h) + 10 MHz BW
Proposal #5:
Use Option 3 for CFO handling requirements: Different UE capabilities are defined for Methods #1 (“Single-DMRS”) and Method #2 (“Cross-DMRS”). Separate V2V minimum demodulation performance requirements are defined for UEs with different capabilities.
Proposal #6:
Define minimum V2V demodulation performance requirements based on the Doppler spread conditions adaptive interpolation
Proposal #7:
V2V UE demodulation requirements are defined under assumption that UE performs single SA hypothesis decoding corresponding to the cyclic shift hypothesis with the strongest PSCCH-RSRP.
Proposal #8:
V2V demodulation performance requirements are defined under assumption that UE is provided with GNSS assistance information.
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