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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At the RAN1 #85 meeting, the following agreements for V2V DMRS were achieved [1]:
· Alt 1 + Adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g. GNSS or eNB)
· Options for details of PSCCH
· Working assumption which will be automatically confirmed if no problem is identified during this week
· DMRS within a TTI for a transmission by a UE are not identical 
· No blind detection of DMRS is introduced
· Details FFS
· Working assumption: 2 consecutive PRB pairs in a subframe are used for each PSCCH if the number of SA bits is less than 64 including CRC. The exact size of SA is FFS including the CRC size and could be larger than 64 bits.
· Options for details of PSSCH
· Network configuration or preconfiguration can be used to associate the ranges of MCS, RB number for PSSCH, number of retransmission with the condition of the UE absolute speed. Different (pre)configuration and threshold is given for the different type (e.g., eNB, GNSS, UE) of the transmission synchronization reference.
· RAN1 will study the proper range of these parameters.
In this contribution, the ranges of MCS, number of RB for PSSCH, and number of retransmissions with the condition of the UE absolute speed are discussed. 
Discussion of different synchronization source types
There are three possible synchronization sources for V2V: eNB, GNSS or UE. Different synchronization sources can result in different frequency offset and timing offset:
· When the eNB is the synchronization source, the frequency offset is [2]: , where  is the Doppler shift relative to the transmitting UE,  is the residual frequency offset estimation error at the UE side,  is the frequency offset of eNB relative to absolute carrier frequency. The maximum timing offset is twice the maximum roundtrip delay as illustrated in Figure 1. For example, the distance between transmitter and receiver is 300m, the maximal timing offset for A is 2us.
· When the GNSS is the synchronization source, the frequency offset is  since the eNB impairment is eliminated. The maximum timing offset between transmitter and receiver is determined by the communication range. For example, the distance between transmitter and receiver is 300m, the maximal timing offset is 1us.



[bookmark: _Ref455496763]Figure 1. Illustration of timing offset of different SS
Observation 1: Different synchronization sources will result in different frequency and timing offset.
It is useful to investigate how the PSSCH performance is dependent on the time/frequency offset: if it is sensitive to time/frequency offset, MCS selection would depend on time/frequency offset, hence indirectly on the synchronization source. The performance of PSSCH with different frequency and timing offset is shown in Figure 2 for 4 cases:
· Case 1, “0Hz, 0us”: no fixed frequency offset,  Doppler frequency offset between transmitter and receiver is implicitly included in channel, no timing offset;
· Case 2, “1800Hz, 0us”: with fixed frequency offset, no timing offset;
· Case 3, “1800Hz, 2us”: with fixed frequency offset, 2us timing offset
· Case 4, “3356Hz, 2us” or “4578Hz, 2us”: maximum frequency offset, 2us timing offset. 
The results show that the performance is robust to different frequency and timing offset. Therefore, only one set of ranges of MCS, number of RBs, and number of retransmissions needs to be determined based on UE absolute speed, irrespective of the synchronization source type.
Observation 2: The performance of PSSCH is robust to different frequency and timing offset.
Proposal 1: Transmission parameters are selected independently of the synchronization source and time/frequency offset. 
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[bookmark: _Ref455497059]Figure 2. Performance of PSSCH with different frequency and timing offset
Discussion of transmission parameter range
At the last RAN1 meeting, it was agreed that the transmission parameters for PSCCH (MCS, number of RBs, number of transmission subframes) were adapted according to the UE speed. For a fixed TBS, changing MCS level is equivalent to changing the number of PRBs. Therefore, in this section, we study how MCS selection is affected by the UE absolute speed. 
The maximal allowable UE absolute speed depends on scenarios. For example, the maximal absolute speed is less than 140km/h for the freeway scenario, while up to 250km/h for the autobahn scenario [3]. In this section, we analyze the range of MCS corresponding to different scenarios. 
Low to medium speed scenario
The maximal absolute speed of UE is less than 140km/h, such as urban and normal freeway scenarios.
The requirement of effective communication range was defined in [3], with a supported TTC of 4s. Some typical example parameters are shown in [3], and also copied in Appendix B. The effective communication range is 50-150m corresponding to 100km/h relative speed for urban scenarios, and 320m corresponding to 280km/h relative speed for freeway scenario. The freeway scenario has higher speed and larger communication range requirement, therefore we discuss the MCS range based on the performance of freeway scenario with a maximal 280km/h relative speed. 
The message transmission range is determined by the pathloss between the transmitter and the receiver. The pathloss vs. tx-rx distance is shown in Appendix C, with the pathloss model of the freeway scenario in TR36.885 [4]. The pathloss is 113dB for 320m communication range. Table 1 shows the link budget for PSCCH and PSSCH with different MCS level for 280km/h. PSCCH and its associated PSSCH are FDM in the same subframe. 2 PRBs allocated for PSCCH, different number of PRBs allocated for PSSCH. The link budget is calculated using the following formula, which is same as MCL formula in Annex B.2 of [4]
[bookmark: _Ref458071945]Table 1 Link budget of PSSCH/PSCCH @ 280km/h
	Link budget
(dB)
	MCS=14
9prb
16QAM
	MCS=13
10prb
16QAM
	MCS=12
12prb
16QAM
	MCS=9
15prb
QPSK
	MCS=7
20prb
QPSK
	MCS=5
25prb
QPSK
	MCS=4
32prb
QPSK
	MCS=3
40prb
QPSK

	PSCCH
	127.5
	127.2
	126.5
	125.7
	124.5
	123.6
	122.6
	121.7

	PSSCH
	110.7
	115.5
	118.6
	118.8
	122.4
	123.6
	124.4
	124.9



LB (dB) = maximum transmit power (dBm) + transmit antenna gain + receive antenna gain – (thermal noise density (dBm/Hz) + receiver noise figure (dB) + 10∙log10(occupied channel bandwidth (Hz)) + required SINR (dB))
The maximum transmit power is set to 22dBm (1dB for MPR for PSCCH and PSSCH FDM in the same subframe), the antenna gain is 3dB, the noise figure is 9dB, the occupied channel bandwidth is the total bandwidth of PSCCH and PSSCH, the SINR is the operation point corresponding to a BLER=0.01 for PSCCH and a BLER=0.1 for PSSCH. Based on the link budget table, it shows that if the MCS level is equal or less than 13, it can fulfill the requirement of communication range. 
Proposal 2: MCS less than or equal to 13 can be applied for V2V for low to medium speed scenario. 
In case of congestion, the MCS level can be increased to reduce resource usage so that the congestion level can be alleviated [6]. Therefore, higher MCS should be supported.
Proposal 3: Higher MCS should be supported in case of congestion.

Extreme high speed scenario
In autobahn scenario, the maximal absolute speed of vehicles is up to 250km/h (500km/h relative speed). The requirement of communication range in this scenario is 555m corresponding to TTC=4s, and accordingly the pathloss is about 123dB. Table 2 shows the link budget for PSCCH and PSSCH with different MCS level for 500km/h. PSCCH and its associated PSSCH are FDM in the same subframe. 2 PRBs allocated for PSCCH, different number of PRBs allocated for PSSCH.
It shows that if SA and data are FDM, they cannot fulfill the link budget at the same time. In this case, TDM SA and data is necessary.
Observation 3: TDM SA and data is necessary in case of 500km/h relative speed.
[bookmark: _Ref458000855]Table 2. Link budget of PSSCH/PSCCH @ 500km/h, FDM SA and data
	Link budget
 (dB)
	MCS=7
20prb
QPSK
	MCS=5
25prb
QPSK
	MCS=4
32prb
QPSK
	MCS=3
40prb
QPSK
	MCS=2
48prb
QPSK

	PSCCH
	123.1
	122.3
	121.3
	120.3
	119.6

	PSSCH
	-
	117.8
	120.9
	122.4
	123.0



Table 3 shows the link budget for PSCCH and PSSCH with different MCS level for 500km/h. PSCCH and its associated PSSCH are TDM in different subframes. Please note that the maximal transmission power for SA or data is 23dBm since there is no MPR in this case. 
It shows that for MCS is equal or less than 3, the link budget of both PSSCH and PSCCH can fulfill the requirement. 
Proposal 4: MCS less than or equal to 3 can be applied for V2V for extreme high speed scenario. 
[bookmark: _Ref458000937]Table 3. Link budget of PSSCH/PSCCH @ 500km/h, TDM SA and data
	Link budget
 (dB)
	MCS=7
20prb
QPSK
	MCS=5
25prb
QPSK
	MCS=4
32prb
QPSK
	MCS=3
40prb
QPSK
	MCS=2
48prb
QPSK

	PSCCH
	128.5
	128.5
	128.5
	128.5
	128.5

	PSSCH
	-
	119.5
	122.2
	123.4
	124.1



Group hopping for PSSCH DMRS
In Rel-12 D2D [5], group hopping is supported for PSSCH DMRS. It is therefore natural to support it for V2V as well. Group hopping of DMRS is beneficial for interference alleviation at receiver when multiple UEs are partially or wholly overlapped in frequency. Since the number of DMRS symbols is different for V2V and D2D, we discuss how group hopping should be supported for V2V. We propose to reuse the same group hopping scheme as D2D and to simply adapt it for a different number of DMRS symbols.
Proposal 5: The D2D PSSCH group hopping scheme is used for V2V PSSCH
The group hopping of LTE UL is determined by the following equations [5]: 




where  is the slot index. 
For V2V,  can be replaced by  where * ,  is the subframe index,  is the DMRS symbol index within a subframe, so that group hopping applies to all 4 DMRS symbols. 
The other parameters used for D2D PSSCH DMRS are listed in Appendix D. One of the factors is , which is the group ID included in SA. For V2V, a broadcast service, the group ID is not necessary. Thus, another parameter in the SA can be used (e.g., MCS, priority indication)
Proposal 6: Some existing fields in SA are used to determine the group hopping parameters.
· Exact field to use to be determined once SCI content is agreed
Conclusions
The effect and performance of different synchronization source is analyzed and evaluated first in this contribution. Based on that, the range of transmission parameters with respect to UE absolute speed is evaluated. Finally, the group hopping scheme for PSSCH is discussed. The following proposals and observations are given.
Observation 1: Different synchronization sources will result in different frequency and timing offset.
Observation 2: The performance of PSSCH is robust to different frequency and timing offset.
Proposal 1: Transmission parameters are selected independently of the synchronization source and time/frequency offset. 
Proposal 2: MCS less than or equal to 13 can be applied for V2V for low to medium speed scenario. 
Proposal 3: Higher MCS should be supported in case of congestion.
Observation 3: TDM SA and data is necessary in case of 500km/h relative speed.
Proposal 4: MCS less than or equal to 3 can be applied for V2V for extreme high speed scenario. 
Proposal 5: The D2D PSSCH group hopping scheme is used for V2V PSSCH
Proposal 6: Some existing fields in SA are used to determine the group hopping parameters.
· Exact field to use to be determined once SCI content is agreed
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Appendix A: Simulation setting
[bookmark: _Ref442349616]Table 4. Parameter setting of link level simulation
	Parameters
	Assumptions

	General parameters:
	

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS 

	Antenna configuration
	1 antenna @ transmitter
2 antennas @ receiver

	UE relative speed
	{280,500} km/h

	Number of transmissions
	1

	CFO
	{0, 1800}Hz; 

	Timing error
	{0,2}us

	Frequency offset estimation
	Half-sequence correlation in time domain 

	Channel estimation 
	Linear interpolation

	PSSCH parameters: 
	

	TBS
	300 bytes

	MCS 
	2-14

	PSCCH parameters: 
	

	TBS
	64bits (including CRC)

	PRB
	2



Appendix B: Communication range of different scenarios [3]

Table A.1: Example parameters for V2X Services
	
	Effective distance*
	Absolute speed of a UE supporting V2X Services
	Relative speed between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum radio layer message reception reliability (probability that the recipient gets it within 100ms) at effective distance
	Example Cumulative transmission reliability***

	#1 (suburban/major road)
	200m
	50km/h
	100km/h
	100ms
	90%
	99%

	#2 (freeway/motorway)
	320m
	160km/h
	280km/h
	100ms
	80%
	96%

	#3 (autobahn)
	320m
	280km/h
	280km/h
	100ms
	80%
	96%

	#4 (NLOS / urban)
	150m
	50km/h
	100km/h
	100ms
	90%
	99%

	#5 (urban intersection**)
	50m
	50km/h
	100km/h
	100ms
	95%
	-

	#6 (campus/ shopping area)
	50m
	30km/h
	30km/h
	100ms
	90%
	99%

	#7 Imminent crash 
	20m
	80km/h
	160km/h
	20ms****
	95%
	-



Appendix C: Freeway pathloss [4]
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Appendix D: Group hopping parameters of D2D PSSCH DMRS [5]
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