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1 Introduction
In this paper, we’d like to clean up the assumption of NR V2X coexistence simulation based on draft TR 38.886 v0.4.0.
2 Reference
[1] R4-191xxxx, TR38.886 v0.4.0: TR update for NR V2X service with SL operation, LG

3 Text Proposal
<TP for TR 38.886 v0.4.0>
5
Evaluation of adjacent channel co-existence
5.1
General
In this section, the adjacent channel system co-existence evaluation was studied for NR V2X services.  The operating scenarios include both the cases where the carrier is dedicated to NR V2X service in ITS spectrum (e.g. 5.9GHz) and cases where the carrier is deployed for NR V2X service in licensed spectrum. For the ITS spectrum (e.g. 5.9GHz), the co-existence evaluation include LTE based V2V operation and/or DSRC/IEEE 802.11p operation on the adjacent carrier of NR V2X.  For the licensed carrier, the coexistence evaluation include LTE or NR Uu on the adjacent carrier of NR V2X.
5.1.1
Adjacent channel co-existence scenarios

The adjacent channel co-existence scenarios for NR V2X service are shown in Table 5.1.1-1
Table 5.1.1-1: The adjacent channel co-existence scenarios for NR V2X service
	NR V2X operating frequency
	Deployment scenarios

(Aggressor-to-Victim)

	FR1
	V2X service at ITS spectrum

(sidelink: 5.9GHz)
	· Case1: NR V2X UE-to-DSRC UE
· Case2: DSRC UE-to-NR V2X UE

· Case3: NR V2X UE-to-LTE V2X UE

· Case4: LTE V2X UE-to-NR V2X UE

	
	V2X service at licensed bands

(TDD: 3.5GHz)
	· Case5: NR V2X UE-to-NR Uu BS
· Case6: NR Uu UE-to-NR V2X UE

	
	V2X service at licensed bands

(FDD: 2GHz)
	· Case7: NR V2X UE-to-LTE Uu BS
· Case8: LTE Uu UE-to-NR V2X UE

	FR2
	V2X service at licensed bands
	· Case9: NR V2X UE-to-NR Uu BS
· Case10: NR Uu UE-to-NR V2X UE


Basic simulation parameters are below
· Deployment scenarios: Urban Manhattan grid model
· Simulation Block Size : 

· Urban : Manhattan grid model: 3*433m, 3*250m

· 
· 
· 
· 
· 
· 
· 
· RAN1 dependent parameter

· Power control scheme, RAN4 can revisit the PC according to RAN1 decision, but following is initial

· In licensed spectrum, OLPC in TR36.786 is used or no power control is used.
· In ITS spectrum, worst case of no power control is used

· For licensed band, NR SL operation in Uplink band in FDD, UL opportunity in TDD is considered.
· For SINR calculation in partial overlapping between aggressor and victim, worst case SINR should be considered.
The details of the deployment scenarios are presented in the following clauses.
5.2
Co-existence simulation assumptions

5.2.1
Co-existence simulation parameters in ITS spectrum

5.2.1.1 Layout model
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Figure 5.2.1.1-1 Network layout model for NR V2X coexistence simulation in ITS spectrum
Table 5.2.1-1: Simulation layout model in ITS spectrum

	Parameter
	Value

	carrier frequency
	5.9GHz

	Deployment scenarios
	Urban Mahathan grid model

	Simulation Block Size
	3*433m, 3*250m

	Velocity of vehicles
	15km/h or 60km/h
Note1: Fixed location will be considered for adjacent channel coexistence evaluation. 

Note2: Velocity is only used to decide the UE’s density.

	Pathloss model for 

- DSRC UE-to-DSRC UE

- LTE V2X UE-to-LTE V2X UE
- NR V2X UE-to-DSRC UE

- DSRC UE-to-NR V2X UE

- NR V2X UE-to-LTE V2X UE

- LTE V2X UE-to-NR V2X UE 


	LOS/NLOS/NLOSv

Pathloss [dB]

Shadow fading std [dB]
LOS, NLOSv

For Highway case,

PL = 32.4 + 20 log10(d3D) + 20 log10(fc)

For Urban case,

PL= 38.77 + 16.7 log10(d3D) + 18.2 log10(fc)

σSF = 3

NLOS

PL= 36.85 + 30 log10(d3D) + 18.9 log10(fc) 
σSF = 4
Note 1:
fc denotes the center frequency in GHz and d3D denotes the Euclidean distance between TX and RX in 3D space in meters.

Note 2:
The model for spatial correlation of shadow fading defined in TR 36.885 applies.



	Dropping vehicles (based on clause 6.1.2 from TR 37.885)
	Vehicles are dropped according to the following process:
-
The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}.
-
All the vehicles in the same lane have the same speed.
-
Vehicle type distribution is not dependent of the lane.

	Total number of vehicles
	It depends on vehicle UE density and block size.


	vehicle UE activation rate for aggressor and victim
	1% of total number of UEs

	vehicle type (based on clause 6.1.2 from TR 37.885)
	-
Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters


5.2.1.2 Simulation parameters

Table 5.2.1.2-1: Simulation parameters in ITS spectrum

	Parameter
	Value

	
	DSRC UE
	LTE V2X UE
	NR V2X UE

	Tx power
	23dBm
	23dBm
	23dBm

	Channel Bandwidth
	10MHz
	20MHz
	40MHz

	Packet size
	1) 190 byte packet

2) 300 byte packet
	1)14 PRB (190 byte packet)

2)20 PRB (300 byte packet)
	1)[70] PRB (1100 byte packet) for 15kHz SCS 

2)Other options are not precluded

	Traffic model
	1 transmission every 100ms

· 100ms message generation period

· Time instance of message generation is randomized among vehicles



	Noise figure
	10dB
	9dB
	9dB

	Antenna pattern
	Omni-directional with gain of 0 dBi

	Sidelink Power control
	In ITS spectrum, worst case of no power control is used

	SINR-to-BLER mapping
	As per link level performance model in TR 36.785 

Table A-4 for 5.9GHz
	As per link level performance model in TR 36.785 

Table A-3 for 5.9GHz
	As per link level performance model in TR 38.886 

Table A-2 for 5.9GHz


Table 5.2.1.2-2: Additional simulation assumptions for DSRC UE

	Parameter
	Value

	DSRC MCS
	QPSK with r=1/2

Transmit duration of 341us (190bytes) and 488 (300bytes) without header

	DSRC MAC
	Coordination : DL+UL coexistence evaluation : EDCA

	
	Detection : Energy detection & preamble detection

	DSRC Slot time
	13us (Note specified for 10MHz [802.11 -2012])

	DSRC DIFS
	58us (SIFS + 2*slot_time)

	DSRC SIFS
	32us

	DSRC Physical header size
	40us 

	DSRC Threshold triggering physical header decoding
	-98dBm

	DSRC CCA-CS
	-85dBm

	DSRC CCA-ED
	-65dBm

	OFDM symbol duration
	8us


5.2.1.3 ACLR and ACS

1. Option 1 (as baseline) : 1 step ACLR/ACS model
Table 5.2.1.3-1: ACLR and ACS in ITS spectrum

	Parameter
	Value

	
	DSRC UE
	LTE V2X UE
	NR V2X UE

	ACLR
	26dB
	30dB
	30 + X dB

	ACS
	Use three candidate ACS level for DSRC : 
· 22/25/29dB


	27dB
	24+ X dB


Details for modelling:

2. Option 2: 2 steps ACLR/ACS model.

a. ACLR:

i. If the frequency offset between transmitting RB (aggressor) and receiving RB (victim) is smaller than the transmitter (aggressor) allocated transmission bandwidth bandwidth then ACLR1 applies.

ii. If the frequency offset between transmitting RB (aggressor) and receiving RB (victim) is larger than the transmitter (aggressor) allocated transmission bandwidth bandwidth then ACLR2 applies

b. ACS

i. If the frequency offset between transmitting RB (aggressor) and receiving channel edge (victim) is smaller than 10MHz then ACS1 applies.

ii. If the frequency offset between transmitting RB (aggressor) and receiving channel edge (victim) is larger than 10MHz then ACS2 applies.

NOTE: 10MHz offset velue is derived from LTE V2X definition of ACS and inband blocking requirement, as will as DSRC adjacent and alternate adjacent channel rejection requirement definition

Table 5.2.1.3-2: ACLR1/2 and ACS1/2 in ITS spectrum

	Parameter
	Value

	
	DSRC UE
	LTE V2X UE
	NR V2X UE

	ACLR1
	26dB
	30dB
	30 + X dB

	ACLR2
	[39]dB
	[43]dB
	[43]dB

	ACS1
	Use three candidate ACS level for DSRC : 

· 22/25/29dB


	27dB
	24+ X dB

	ACS2
	ACS1 + 16 (NOTE 1)
	43dB (NOTE 2)
	[40]dB + X(NOTE 3)

	NOTE 1: following definition of alternate adjacent channel rejection requirement of DSRC [EN 302 571]

NOTE 2: following definition of in band blocking requirement, case 1 of LTE CV2X [TS 36.101]

NOTE 3: following definition of in band blocking requirement, case 2 of NR and apply same tightening as for LTE V2X.


5.2.2
Co-existence simulation parameters in FR1 FDD licensed spectrum 
5.2.2.1 Network layout model
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Figure 5.2.2.1-1 Network layout model for NR V2X coexistence simulation for case7 and case8

Table 5.2.2-1: Simulation network layout model for case7 and case8 

	Parameter
	Value

	carrier frequency
	2GHz

	The first layout for LTE WAN
	layer with 7 hexagonal cell with wrap around

	Inter-BS distance
	500m

	LTE WAN UL scheduler algorithm
	Round robin with full buffer

	RBs allocated per active WAN UE
	For LTE UE-to-LTE Uu BS: 32 PRBs

	Number of active WAN UEs
	3UEs

	Number of LTE WAN UEs
	20UEs/Cell, 100% outdoor 

(UEs are dropped with the equal inter-UE distance in the middle of  the sidewalk)

	Minimum coupling loss (for V2X/WAN UEs from BS)
	As per clause 4.5.1 in TR 36.942:

MCL : 70dB for Urban area

	Pathloss model for 

- LTE UE-to-LTE Uu BS

- NR V2X UE-to-LTE Uu BS


	Follow TR 37.885 for FR1

FR1

LOS

NLOS

Urban:

TR 38.901 UMa LOS

Highway: 

TR 38.901 RMa LOS

Urban:

TR 38.901 UMa NLOS

Highway:

N/A

   

	
	

	The second layout for NR V2X
	Urban Mahathan grid model

	Simulation Block Size
	433m, 250m

	Velocity of vehicles
	15km/h or 60km/h
Note1: Fixed location will be considered for adjacent coexistence evaluation. 

Note2: Velocity only used to decide the UE density.

	Pathloss model for 

- LTE Uu UE-to-NR V2X UE


	LOS/NLOS/NLOSv

Pathloss [dB]

Shadow fading std [dB]
LOS, NLOSv

For Highway case,

PL = 32.4 + 20 log10(d3D) + 20 log10(fc)

For Urban case,

PL= 38.77 + 16.7 log10(d3D) + 18.2 log10(fc)

σSF = 3

NLOS

PL= 36.85 + 30 log10(d3D) + 18.9 log10(fc) 
σSF = 4
Note 1:
fc denotes the center frequency in GHz and d3D denotes the Euclidean distance between TX and RX in 3D space in meters.

Note 2:
The model for spatial correlation of shadow fading defined in TR 36.885 applies.



	Dropping vehicles (based on clause 6.1.2 from TR 37.885)
	Vehicles are dropped according to the following process:
-
The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}.
-
All the vehicles in the same lane have the same speed.
-
Vehicle type distribution is not dependent of the lane.

	Total number of vehicles
	It depends on UE density and block size. All vehicles are NR V2X UEs.

	Vehicle UE activation rate
	1% of total number of vehicles

	vehicle type (based on clause 6.1.2 from TR 37.885)
	-
Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters




5.2.2.2 Simulation parameters

Table 5.2.2.2-1: Simulation parameters for case7 and case8

	Parameter
	Value

	
	LTE UE
	LTE BS
	NR V2X UE

	Max Tx power
	23dBm
	NA
	23dBm

	Channel Bandwidth
	10MHz
	10MHz
	40MHz

	Packet size
	1)[16] PRB for 15kHz SCS 

2)Other options are not precluded
	
	1)[70] PRB (1100 byte packet) for 15kHz SCS 

2)Other options are not precluded

	Traffic model
	Full buffer
	Full buffer
	Reference table 5.2.1.2-1

	Noise figure
	NA
	5dB
	9dB

	Antenna pattern
	Omni-directional with gain of 0 dBi
	From clause 4.2.1.1 of TR 36.942
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	Omni-directional with gain of 0 dBi

	SINR-to-BLER mapping for NR V2X
	NA
	NA
	As per link level performance model in TR 38.886 

Table A-2 for 2GHz



	SINR-to-rate mapping for LTE
	NA
	As per link level performance model in TR 36.942 (Table A.2)
	NA


5.2.2.3 ACLR and ACS

Table 5.2.2.3-1: ACLR and ACS for case7 and case8

	Parameter
	Value

	
	LTE UE
	LTE BS
	NR V2X UE

	ACLR
	30 dB
	NA
	30 + X dB

	ACS
	NA
	46 dB
	24+ X dB


5.2.2.4 Power control

For LTE WAN UE transmit power control, the following power control equation shall be used for the initial uplink coexistence simulations:
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where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the path coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadowfading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax.  Finally, 0<(<=1 is the balancing factor for UEs with bad channel and UEs with good channel:
As per PC set 1 and PC set 2 of TR 36.942
· Note that power control algorithm parameters (PodBm, CLxile) should be optimized for network layouts being simulated. For simplicity, power control algorithm parameters are reused in section 5.1.1.6 in TR 36.942 for all network layouts

· Rmin = -63dB for 23dBm, -66dB for 26dBm 

· CLxile = 112 - 10*log10(CBW / 10) for PC set 1

	PC Set
	Gamma
	CLxile (dBm)

	
	
	10MHz
	20MHz
	40MHz

	1
	1
	112
	109
	106

	2
	0.8
	129
	FFS
	FFS


For NR V2X UE transmit power control, OLPC in TR36.786 is reused or no power control is used.

CLxile = 112 - 10*log10(CBW / 10) for PC set 1
5.2.3
Co-existence simulation parameters in FR1 TDD licensed spectrum 
5.2.3.1 Network layout model
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Figure 5.2.3.1-1 Network layout model for NR V2X coexistence simulation for case5 and case6

Table 5.2.3-1: Simulation network layout model for case5 and case6 

	Parameter
	Value

	carrier frequency
	3.5GHz

	The first layout for NR WAN
	layer with 7 hexagonal cell with wrap around

	Inter-BS distance
	500m

	NR WAN UL scheduler algorithm
	Round robin with full buffer

	RBs allocated per active WAN UE
	For NR UE-to-NR Uu BS: 64 PRBs

	Number of active WAN UEs
	3UEs

	Number of NR WAN UEs
	20UEs/Cell, 100% outdoor
(UEs are dropped with the equal inter-UE distance in the middle of  the sidewalk)

	Minimum coupling loss (for V2X/WAN UEs from BS)
	As per clause 4.5.1 in TR 36.942:

MCL : 70dB for Urban area

	Pathloss model for 

- NR UE-to-NR Uu BS

- NR V2X UE-to-NR Uu BS


	Follow TR 37.885 for FR1

FR1

LOS

NLOS

Urban:

TR 38.901 UMa LOS

Highway: 

TR 38.901 RMa LOS

Urban:

TR 38.901 UMa NLOS

Highway:

N/A

   

	
	

	The second layout for NR V2X
	Urban Mahathan grid model

	Simulation Block Size
	433m, 250m

	Velocity of vehicles
	15km/h or 60km/h
Note1: Fixed location will be considered for adjacent coexistence evaluation. 

Note2: Velocity only used to decide the UE density.

	Pathloss model for 

- NR Uu UE-to-NR V2X UE


	LOS/NLOS/NLOSv

Pathloss [dB]

Shadow fading std [dB]
LOS, NLOSv

For Highway case,

PL = 32.4 + 20 log10(d3D) + 20 log10(fc)

For Urban case,

PL= 38.77 + 16.7 log10(d3D) + 18.2 log10(fc)

σSF = 3

NLOS

PL= 36.85 + 30 log10(d3D) + 18.9 log10(fc) 
σSF = 4
Note 1:
fc denotes the center frequency in GHz and d3D denotes the Euclidean distance between TX and RX in 3D space in meters.

Note 2:
The model for spatial correlation of shadow fading defined in TR 36.885 applies.



	Dropping vehicles (based on clause 6.1.2 from TR 37.885)
	Vehicles are dropped according to the following process:
-
The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}.
-
All the vehicles in the same lane have the same speed.
-
Vehicle type distribution is not dependent of the lane.

	Total number of vehicles
	It depends on UE density and block size. All vehicles are NR V2X UEs.

	Vehicle UE activation rate
	1% of total number of vehicles

	vehicle type (based on clause 6.1.2 from TR 37.885)
	-
Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters




5.2.3.2 Simulation parameters

Table 5.2.3.2-1: Simulation parameters for case5 and case6

	Parameter
	Value

	
	NR UE
	NR BS
	NR V2X UE

	Max Tx power
	23dBm
	NA
	23dBm

	Channel Bandwidth
	40MHz
	40MHz
	40MHz

	Packet size
	1)[72] PRB for 15kHz SCS 

2)Other options are not precluded
	
	1)[70] PRB (1100 byte packet) for 15kHz SCS 

2)Other options are not precluded

	Traffic model
	Full buffer
	Full buffer
	Reference table 5.2.1.2-1

	Noise figure
	NA
	5dB
	9dB

	Antenna pattern
	Omni-directional with gain of 0 dBi
	Antenna pattern for FR1 Macro BS from TR 38.828
	Omni-directional with gain of 0 dBi

	SINR-to-BLER mapping for NR V2X
	NA
	NA
	As per link level performance model in TR 38.886 

Table A-2 for 3.5GHz



	SINR-to-rate mapping for NR
	NA
	As per link level performance model in TR 36.942 (Table A.2). α, attenuation = 0.4, SNIRMIN, dB = -10, SNIRMAX, dB = 22 (subclause 5.2.3.6 from TR 38.828).
	NA


5.2.3.3 ACLR and ACS

Table 5.2.3.3-1: ACLR and ACS for case5 and case6

	Parameter
	Value

	
	NR UE
	NR BS
	NR V2X UE

	ACLR
	30 dB
	NA
	30 + X dB

	ACS
	NA
	46 dB
	33+ X dB


5.2.3.4 Power control

For downlink scenario, no power control scheme is applied.

For NR WAN UE uplink scenario transmit power control, the following power control equation shall be used for the initial uplink coexistence simulations:
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where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the path coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadowfading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax.  Finally, 0<(<=1 is the balancing factor for UEs with bad channel and UEs with good channel:
-
CLx-ile = 88 + 10*log10(200/X), where X is UL transmission BW (MHz)

-
γ = 1
-
Rmin = -60dB for 23dBm

For NR V2X UE transmit power control, OLPC in TR36.786 is reused or no power control is used.
CLxile = 112 - 10*log10(CBW / 10) for PC set 1
5.2.4
PRR performance metrics for NR V2X coexistence simulation

For evaluation of co-existence performance for NR V2X, the Packet Reception Ratio (PRR) is agreed in RAN4 to be used as performance metric.

In TR 37.885, for one Tx packet, the PRR is calculated by X/Y, where Y is the number of UE/vehicles that located in the range (a, b) from the TX, and X is the number of UE/vehicles with successful reception among Y. 

-
CDF of PRR is used in evaluation with with a = 0, b = baseline of 320 meters for freeway and 150 meters for urban. Optionally, b = 50 meters for urban with 15 km/h vehicle speed. 
-
Average PRR, calculated as (X1+X2+X3….+Xn)/(Y1+Y2+Y3…+Yn) where n denotes the number of generated messages in simulation. with a = i*20 meters, b = (i+1)*20 meters for i=0, 1, …, 25
In RAN4 co-existence study for NR V2X, only urban cases with 15 km/h and 60 km/h are considered. 
To align with LTE V2X’s performance metric, average PRR at 50m for 15 km/h and average PRR at 150m for 60 km/h are chosen as the evaluation criteria.
<End of TP >
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