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1. Introduction

RAN WG4 has evaluated adjacent channel coexistence for PC5 based V2V service at 2GHz/5.9GHz operating frequency range during 6 months. From these evaluation results of interested companies, we can derive the adjacent channel coexistence evaluation results for V2V UE with 23dBm maximum output power.
****************** Start of the TP in cluase 5.4.3 of TR36.785 ************************
5.4.3
Simulation Results

5.4.3.1
V2V Communications in 2GHz

5.4.3.1.1

Case1: V2V UE-to-LTE BS
The legacy LTE system throughput loss was evaluated with the agreed adjacent channel coexistence assumption. The test metric of Case 1 is to guarantee the system throughput loss less than 5%.  Throughput loss of legacy LTE system are summarized in sub clause 5.4.3.1.1
5.4.3.1.1.1 
Huawei simulation results

Co-existence simulation results were provided in below tables. The throughput loss for legacy LTE Base station is the throughput with V2V aggressor compared with the throughput without any aggressor.
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Figure 5.4.3.1.1.1-1: 190 Byte packet size in Urban scenario with 15 or 60 km/h, and different LTE power control setting
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Figure 5.4.3.1.1.1-2: 300 Byte packet size in Urban scenario with 15 or 60 km/h, and different LTE power control setting
From the above simulation results, some observations can be derived as below:
· The throughput loss for the packet of 300 byte is worse than the packet of 190 byte because the packet of 300 byte needs more PRBs to transmission which will cause less average ACIR than 190 byte case.
· The throughput loss for PC set 2 is worse than that for PC set 1 because for PC set 2 the LTE UE transmission power is lower so it is easy to be interfered.
· The throughput loss for UEs with 15km/h is worse than UEs with 60km/h because the vehicle density for 15km/h is much higher which means more interfering UEs exist in the network.
5.4.3.1.1.2
Ericsson simulation results

Co-existence simulation results were provided in below tables. 
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Figure 5.4.3.1.1.2-1: Case 1 Urban grid scenario with a vehicle velocity of  60 kph, with an LTE power control setting of a) PC2 b) PC1
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Figure 5.4.3.1.1.2-2: Case 1 Urban grid scenario with a vehicle velocity of 15 kph, with an LTE power control setting of a) PC2 b) PC1
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Figure 5.4.3.1.1.2-3: V2V freeway scenario with vehicle velocities of a) 70 kph and b) 140 kph. The LTE power control setting is based on PC1

Observation
· RAN4 adjacent channel coexistence analysis shows that V2V aggressor transmissions into victim legacy LTE networks can produce throughput degradations of greater than 20% for average throughput and greater than 50% degradation for the 5%-tile throughput for a target ACIR of 30 dB.
5.4.3.1.2

Case2: LTE BS-to-V2V UE
The V2V UE PRR loss in Manhattan grid model summarized in sub clause 5.4.3.1.2 based on transmit packet size, power control scheme and V2V velocity.
 5.4.3.1.2.1 
Huawei simulation results

Co-existence simulation results for case 2 of LTE UE to V2V UE in urban scenario were provided in below figures based on the simulation assumptions in above section with ACIR offset X=0. LTE UE adopts PC Set 1 power control that can impose the higher interference to neighbour V2V UE than PC Set 2. Average PRR is used as the performance metric which is defined in Annex A.1.6 in TR 36.885. 
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Figure 5.4.3.1.2.1-1 Co-existence simulation results for case 2 of LTE UE to V2V UE
To be aligned with RAN1 system simulation evaluations in section 9.1.1 in TR 36.885, average PRR at 50m for 15 km/h and average PRR at 150m for 60 km/h are chosen as the evaluation criteria. Then the PRR losses for case 2 of LTE UE to V2V UE were provided in 오류! 참조 원본을 찾을 수 없습니다. 5.4.3.1.2.1-1. PRR loss is the PRR with LTE UE adjacent interference compared with the PRR without any adjacent interference.
Table 5.4.3.1.2.1-1 PRR loss for case 2
	PRR loss
	at 50m range for 15km/h
	at 150m range for 60km/h

	
	LTE UE to V2V UE
	LTE UE to V2V UE

	190 Byte
	0.15%
	1.64%

	300 Byte
	0.11%
	1.27%


5.4.3.1.2.2 
Ericsson simulation results

Co-existence simulation results for case 2 of LTE UE to V2V UE in urban scenario were provided in below figures.
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Figure 5.4.3.1.2.2-1: Case 2 Urban grid scenario with a vehicle velocity of 60 kph, with an LTE power control setting of PC1
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Figure 5.4.3.1.2.2-2: Case 1 Urban grid scenario with a vehicle velocity of 15 kph, with an LTE power control setting of PC1

Observation  

LTE aggressor adjacent channel transmissions into victim V2V transmissions networks produce minimal impacts with a PRR degradation of less than 1% for a target ACIR of 30 dB.
5.4.3.2
V2V Communications in 5.9GHz

5.4.3.2.1

Case3: V2V UE-to-DSRC UE
The legacy DSRC system PRR loss in Manhattan grid models are summarized in sub cluase 5.4.3.2.1  based on transmit packet size, DSRC maximum power and V2V velocity.
5.4.3.2.1.1 
Huawei simulation results

Co-existence simulation results in urban scenario for case 3 were provided in blow figures based on the simulation assumptions in above section with
· V2V UE ACLR adopts two steps model 30dBc, 43dBc, 
· DSRC UE ACS=29dBc, 
· DSRC UE MOP=33dBm.
· 50PRB is used for each DSRC transmission and the active ratio is assumed less than V2V 300Byte/190 Byte case that use 20PRB/14PRB
Average PRR is used as the performance metric which is defined in Annex A.1.6 in TR 36.885.
[image: image17.png]PRR

09

08

07

06

05

04

03

02

01

15KMH 190BYTE

w0 adjacent intef
with V2V adjacent intef
with DSRC adjacent intef

100
Distance {m)

150

250



        [image: image18.png]PRR

09

08

07

06

05

04

03

02

01

15KMH 300BYTE

w0 adjacent intef
with V2V adjacent intef

with DSRC adjacent intef

100 150
Distance (m)

200 250




[image: image19.png]PRR

BOKMH 300BYTE
1 T T T

09

w0 adjacent intef
with V2V adjacent intef
with DSRC adjacent intef

01 i i i
0

50 100 150
Distance (m)

200 250



        [image: image20.png]PRR

09

08

07

06

05

04

03

02

01
0

GOKMH 190BYTE

w0 adjacent intef
with V2V adjacent intef
with DSRC adjacent intef

100 150
Distance (m)

250




Figure 5.4.3.2.1.1-1 Co-existence simulation results for case 3 of V2V UE to DSRC UE
To be aligned with RAN1 system simulation evaluations in section 9.1.1 in TR 36.885, the average PRR at 50m for 15 km/h and average PRR at 150m for 60 km/h are chosen as the evaluation criteria. Then the PRR losses were provided in below table. PRR loss is the PRR with V2V/DSRC adjacent interference compared with the PRR without any adjacent interference.
Table 5.4.3.2.1.1-1 PRR loss for case 3
	PRR loss
	at 50m range for 15km/h
	at 150m range for 60km/h

	
	V2V to DSRC
	DSRC to DSRC
	V2V to DSRC
	DSRC to DSRC

	190 Byte
	1.46%
	1.21%
	0.99%
	3.10%

	300 Byte
	1.52%
	1.54%
	2.08%
	3.30%


5.4.3.2.1.2 
Ericsson simulation results

Co-existence simulation results in urban scenario for case 3 were provided in blow figures
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Figure 5.4.3.2.1.2-1: Case 3 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of a = 0 and parameter b = 150 m 
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Figure 5.4.3.2.1.2-2: Case 3 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of b = 250 m 
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Figure 5.4.3.2.1.2-3: Case 3 Urban grid scenario with a vehicle velocity of 15 kph, and a PRR parameter of b = 150 m 
Observation
· For Case 3 V2V adjacent channel co-existence the average PRR loss due to LTE V2V aggressor transmissions impacting DSRC V2V victim transmissions are less than an acceptable level of 5% for vehicular velocities of 60 kph at a target ACIR of 30 dB.

Observation
For Case 3 V2V adjacent channel co-existence the 5%-tile PRR loss due to LTE V2V aggressor transmissions impacting DSRC V2V victim transmissions is greater than 12% for vehicular velocities of 60 kph at a target ACIR of 30 dB.
 5.4.3.2.1.3 Qualcomm simulation results

The PRR vs Distance performance of the victim DSRC system is shown in figures below.

	Simulation results with 23dBm (EIRP) DSRC UEs, urban scenario
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Figure 5.4.3.2.1.3-1: Urban drop; 15 kmph UE absolute speed; 23dBm (EIRP) for DSRC UEs
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Figure 5.4.3.2.1.3-2: Urban drop; 60 kmph UE absolute speed; 23dBm (EIRP) for DSRC UEs


	Simulation results with 23dBm (EIRP) DSRC UEs, freeway scenario
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Figure 5.4.3.2.1.3-3: Freeway drop; 15 kmph UE absolute speed; 23dBm (EIRP) for DSRC UEs
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Figure 5.4.3.2.1.3-1: Freeway drop; 60 kmph UE absolute speed; 23dBm (EIRP) for DSRC UEs


	Simulation results with 33dBm (EIRP) DSRC UEs, urban scenario

	[image: image28.emf]0 50 100 150 200 250 300

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance (m)

Packet reception rate

Urban with 15kmpr UE absolute speed, and DSRC tx power of 33dBm

 

 

DSRC (without interference)

DSRC-DSRC

DSRC-V2V


Figure 5.4.3.2.1.3-2: Urban drop; 15 kmph UE absolute speed; 33dBm (EIRP) for DSRC UEs
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Figure 5.4.3.2.1.3-3: Urban drop; 60 kmph UE absolute speed; 33dBm (EIRP) for DSRC UEs


	Simulation results with 33dBm (EIRP) DSRC UEs, freeway scenario
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Figure 5.4.3.2.1.3-4: Freeway drop; 15 kmph UE absolute speed; 33dBm (EIRP) for DSRC UEs
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Figure 5.4.3.2.1.3-5: Freeway drop; 60 kmph UE absolute speed; 33dBm (EIRP) for DSRC UEs


From the above results, the following observation is made:

Observation: The impact to a victim DSRC system due to an adjacent LTE-V2V aggressor system is similar to an adjacent DSRC aggressor system in all the simulated scenarios in high PRR regimes.

· Results use the agreed two ACLR step model with X=0dB for LTE-V2V UEs, i.e. LTE-V2V ACLR of 30dBc.

5.4.3.2.2

Case4: DSRC UE-to-V2V UE
The PRR loss of LTE-based V2V victim system in Manhattan grid models are summarized in sub cluase 5.4.3.2.2 based on transmit packet size, DSRC maximum power and V2V velocity.
  5.4.3.2.2.1 Huawei simulation results

Co-existence simulation results for case 4 of DSRC UE to V2V UE in urban scenario were provided in below figures based on the simulation assumptions in above section with:
· V2V UE ACS=33dBc, 
· DSRC UE ACLR=38dBc, 
· DSRC UE MOP=33dBm. 
· 50PRB is used for each DSRC transmission and the active ratio is assumed less than V2V 300Byte/190 Byte case that use 20PRB/14PRB
· Link-to-system curve of V2V is based on the results from source 1 in above section
Average PRR is used as the performance metric which is defined in Annex A.1.6 in TR 36.885. 
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Figure 5.4.3.2.2.1-1 Co-existence simulation results for case 4 of DSRC UE to V2V UE
To be aligned with RAN1 system simulation evaluations in section 9.1.1 in TR 36.885, average PRR at 50m for 15 km/h and average PRR at 150m for 60 km/h are chosen as the evaluation criteria. Then the PRR losses for case 4 of DSRC UE to V2V UE and V2V UE to V2V UE were provided in Table 5.4.3.2.2.1-1. PRR loss is the PRR with V2V/DSRC adjacent interference compared with the PRR without any adjacent interference.
Table 5.4.3.2.2.1-1 PRR loss for case 4
	PRR loss
	at 50m range for 15km/h
	at 150m range for 60km/h

	
	DSRC to V2V
	V2V to V2V
	DSRC to V2V
	V2V to V2V

	190 Byte
	1.30%
	0.25%
	2.20%
	2.03%

	300 Byte
	1.85%
	0.84%
	2.02%
	0.6%


5.4.3.2.2.2 Ericsson simulation results

Co-existence simulation results for case 4 of DSRC UE to V2V UE in urban scenario were provided in below figures 
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Figure 5.4.3.2.2.2-1: Case 4 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of b = 150 m.
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Figure 5.4.3.2.2.2-2: Case 4 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of b = 250 m
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Figure 5.4.3.2.2.2-3: Case 4 Urban grid scenario with a vehicle velocity of 15 kph, and a PRR parameter of a = 150 m
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Figure 5.4.3.2.2.2-4: Case 4 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of b = 150 m. The DSRC transmit power is 33 dBm and an ACLR of 38 dB was assumed.
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Figure 5.4.3.2.2.2-5: Case 4 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of b = 250 m. The DSRC transmit power is 33 dBm and an ACLR of 38 dB was assumed.
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Figure 5.4.3.2.2.2-6: Case 4 Urban grid scenario with a vehicle velocity of 15 kph, and a PRR parameter of b = 150 m. The DSRC transmit power is 33 dBm and an ACLR of 38 dB was assumed.

Observation
· For Case 4 V2V adjacent channel co-existence the average PRR loss due to DSRC V2V aggressor transmissions impacting LTE V2V victim transmissions is less than 5% for vehicular velocities of 60 kph at a target ACIR of 30 dB.

Observation
· For Case 4 V2V adjacent channel co-existence the 5%-tile PRR loss due to DSRC V2V aggressor transmissions impacting LTE V2V victim transmissions is greater than 12% for vehicular velocities of 60 kph at a target ACIR of 30 dB.
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