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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 [2]. The agreements are:
· 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
In this contribution, we will analyze the issue and present the evaluation results.
2   Discussion

For V2V PSSCH test, according to the agreements last meeting, we should consider different propagation conditions to finalize the corresponding requirements and this is the most controversial issue.
Options for performance requirements selection
If we recall the discussion process for D2D PSSCH requirements, we can see that the propagation channel are based on EVA70 and the modulation is QPSK based.
For V2V requirements, the basic difference from D2D is the UE speed since the speed of vehicles is usually higher than devices. For higher UE speed, the Doppler spread is more severe and may cause some issues. So we should discuss the performance for different UE speeds. However, when we define requirements, we don’t need so many cases.
In last meeting, for the test cases handling, there are three options referred in below:
· 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.
For option 1, it is proposed to use “single-DMRS” estimation for the minimum demodulation requirements. In last meeting, some contributions have analyzed that this estimation method has better performance than “cross-DMRS” estimation for the total frequency shift higher than 2.3 kHz. Since the TX/RX frequency error is about 1200Hz already, the maximum UE speed is limited to be 200 km/h. In the real scenario, it is very likely for the UE relative speed to be more than 200 km/h, i.e. each UE speed may high than 100 km/h. If the UE only use “cross-DMRS” estimation, then the UE won’t work if the speed increase a bit. It is very dangerous and no UE will only implement “cross-DMRS” estimation according to our understanding.
Although the “single-DMRS” method is more complex than “cross-DMRS” method, it is about 2~3 times and acceptable [4]. On the other hand, the complexity for frequency offset estimation occupies very little proportion in the whole system, including channel estimation, soft demapping, turbo decoding and so on.
According to the above analyses, option 2 is not preferred and in the following section, we compare option 1 and option 3.
For option 3, different UE capabilities are defined. One capability with high speed, and the other capability is for low speed. However, if high speed UEs have to pass two sets of requirement, it is not fair for this type of UE. The other way is to define three sets of requirements, one set is for the low speed UE and the other two sets are for high speed UE (including low and high speed requirements). Evidently, the workload for option 3 is high for RAN4 and if no such low speed UEs, the work are meaningless.
According to RAN1 discussion, V2V UEs are aimed at working in high speed (higher than D2D UEs). So option 1 is more suitable for the V2V requirements.
Proposal 1: Adopt option 1, i.e. only use “single-DMRS” estimation to define the requirements.
Performance evaluation
In last meeting, we compare different propagation conditions and UE relative speeds with QPSK 1/3 and minimum TBS [3]. The preliminary results are shown in Figure 1. We observe that SNR separation with different channel propagations and UE speed is relative small. This evaluation is based on 1 time transmission. In the following section, we will show that for the 1 time retransmission and soft-combining, we can have similar observation.
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Figure 1: Simulate results for PSSCH under different propagation condition and UE relative speed

The simulation assumptions and FRC are given in Table 1 and Table 2 respectively according to [2].
Table 1: Simulation assumptions for PSSCH

	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10/20

	RB
	
	48/96

	MCS
	
	QPSK 1/3, 16QAM 1/2

	Time offset
	
	+24Ts

	Frequency offset
	Hz
	+1200

	Propagation condition
	
	EVA180/1000/1500/2700

	Antenna configuration
	
	1x2 Low

	Soft combining
	
	Yes

	Synchronization
	
	GNSS or GNSS-equivalent


Table 2: Proposed FRC for PSSCH transmission
	Parameter
	Unit
	Value

	Name
	
	FRC.1
	FRC.2
	FRC.3
	FRC.4

	Channel bandwidth
	MHz
	10
	20
	10
	20

	Allocated resource blocks
	
	48
	96
	48
	96

	Subcarriers per resource block
	
	12
	12
	12
	12

	TTIs per period
	
	1
	1
	1
	1

	Modulation
	
	QPSK
	QPSK
	16QAM
	16QAM

	Target Coding Rate
	
	1/3
	1/3
	1/2
	1/2

	Transport Block Size
	
	3496
	6968
	11448
	22920

	Transport block CRC
	Bits
	24
	24
	24
	24

	Number of Code Blocks per Sub-Frame
	
	1
	2
	2
	3

	Maximum number of HARQ transmissions
	
	2
	2
	2
	2

	Binary Channel Bits per subframe
	Bits
	11520
	23040
	23040
	46080

	Max. Throughput averaged over 1 period of 100ms
	kbps
	34.96
	69.68
	114.48
	229.20

	UE Category
	
	≥ 1
	≥ 1
	
	

	Note 1: 
2RBs allocated to SA transmission and 4 symbols allocated to RS.

Note 2: 
Throughput (in kbps) will depend on SA period configuration.

Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).




For the evaluation condition, we evaluate different options according to the agreements last meeting referred in below:
· Option 1: EVA180,  QPSK/16QAM

· Option 2: EVA1500, QPSK

· Option 3: EVA2700, QPSK

· Option 4: EVA1000, QPSK/16QAM

Since the retransmission and soft-combining are used, it is better to collect throughput rather than BLER. The normalized throughput for PSSCH 10MHz and 20MHz are given in Figure 2. Note that for the 2700Hz case, we use the TBS 1320 and 2664 for 10MHz and 20MHz bandwidth respectively.
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Figure 2: normalized throughput for PSSCH under different options
From the simulation results, we can see that for 10MHz bandwidth, QPSK and 16QAM modulation, the performance difference for different propagation channel is less than 1dB at the 70% maximum throughput.
Observation 1:  Performance are similar for different propagation conditions at 70% maximum throughput.
So we don’t need to define so many requirements since they are no big difference. Considering the typical implementation condition for V2V UEs, we can define the EVA1500 as the propagation condition.
Actually, when relative UE speed is 500km/h, we can get better performance by reducing the coding rate. However, note than if the same receiver can satisfy the performance requirements for 280km/h and 500km/h (reduced coding rate), testing 280km/h, i.e. 1500Hz Doppler spread is enough. At the current stage, it is not necessary to go into too many details about advanced receiver. In the feature, it is necessary, we can consider to define some advanced receiver requirements for V2V.
For the modulation scheme, i.e. QPSK and 16QAM, the performance gap is about 9 dB. Since the difference between QPSK and 16QAM is the demapping operation which is already verified in the REFSENS tests, we don’t need to define two sets of requirements either. The other point is that D2D PSSCH requirements are also based on QPSK only.
So, for the propagation condition and the modulation scheme, we propose that
Propose 2: Define the V2V PSSCH requirements based on EVA1500 and QPSK.
Relative timing error
For the V2V signal propagation delay, we already consider to set Rx timing window to be CP/2 from the GNSS reference time. So it is not necessary to take into account V2V signal propagation delay.

On the other hand, for RAN4 evaluation and requirements, we do not mandate UE implementation and actually UE can use their preferences as long as the minimum requirements are reached.

Proposal 3: Do not consider V2V signal propagation delay.
3   Conclusions
In this contribution, we analyses the requirements for V2V PSSCH and propose that
Proposal 1: Adopt option 1, i.e. only use “single-DMRS” estimation to define the requirements.
Propose 2: Define the V2V PSSCH requirements based on EVA1500 and QPSK.

Proposal 3: Do not consider V2V signal propagation delay.
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