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Introduction
We present in this paper our initial simulation result for RF Coexistence evaluation in 5.9GHz frequency between LTE V2X and NR V2X in the urban scenario. 
The simulation assumptions are almost identical to those agreed in the email discussion, with some small differences due to the lack of time. The result will be further updated to resolve those difference.
Discussion
Prioritization of Coexistence Scenarios
At 5.9GHz, 4 coexistence scenarios have been identified by RAN4, namely
1. DSRC (aggressor)-> NR V2X (victim)
2. NR V2X (aggressor)-> DSRC (victim)
3. LTE V2X (aggressor)->NR V2X(victim)
4. NR V2X (aggressor)->LTE V2X(victim)
Given the recent 5GAA filing to FCC for spectrum allocation [6], we believe that cases 3 and 4 should be treated at the highest priority.
For cases 1 and 2, assuming NR V2X and LTE V2X have the same ACLR and ACS, all the simulation assumptions seem to be similar. The only difference here is that NR V2X traffic can be both aperiodic and periodic, while LTE V2X traffic is strictly periodic. Given that, we may be able to reuse DSRC/LTE V2X coexistence study result for DSRC/NR V2X but it is also worth redoing the simulations to verify that the change in traffic pattern indeed does not effect anything. However, such study should be treated as second priority. 
UE Drop and Pathloss Model
According to the agreed WF [4]
· Assume all devices will support both LTE V2X and NR V2X
· Assume from a device perspective Tx between LTE V2X and NR V2X is TDM while rx of LTE V2X and NR V2X is simultaneous (as reflected in figures in slide 7) 
· Case3: NR V2X UE-to-LTE V2X UE.
Each vehicle has to be associated with 2 radios, 1 LTE V2X and 1 NR V2X. As the 2 radios will be in the same chipset, we assume that the coupling loss between them is 0dB (as a pessimistic estimation).
Further details on simulation setting as per email discussion. 
Layout model
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Figure 2.2.1 Network layout model for NR V2X coexistence simulation in ITS spectrum

Table 2.2.1: Simulation layout model in ITS spectrum
	Parameter
	Value

	carrier frequency
	5.9GHz

	Deployment scenarios
	Urban Mahathan grid model, Freeway model

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

	Velocity of vehicles
	60km/h
Note1: Fixed location will be considered for adjacent coexistence evaluation. 
Note2: Velocity only used to decide the UE 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 LTE V2X
	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


 Simulation parameters
Table 2.2.2: 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 transmission every 100ms
· 100ms message generation period
· Time instance of message generation is randomized among vehicles

	1)18 PRB (190 byte packet)
2)18 PRB (300 byte packet)
1 transmission every 100ms
· 100ms message generation period
· Time instance of message generation is randomized among vehicles

	NR medium aperiodic traffic model at 60kHz SCS
1. 200 bytes: 12RB/1TTI.
2. 400 bytes: 12RB/2TTI
3. 600 bytes: 12RB/2TTI
4. 800 bytes: 12RB/2TTI
5. 1000 bytes: 12RB/3TTI
6. 1200 bytes: 12RB/3TTI
7. 1400 bytes: 12 RB/3TTI
8. 1600 bytes: 12RB/4TTI
9. 1800 bytes: 12RB/4TTI
10. 2000 bytes: 12RB/5TTI

	Noise figure
	10dB
	9dB
	9dB

	Antenna pattern
	Horizontally Omni-directional with gain of 3 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
	


In Table 2.2.2, item that are different from what agreed in the simulation assumption is highlighted in bold font. We will discuss them here one by one:
1. LTE V2X resource allocation
According to RAN1/RAN2 spec, if we use only a single SPS flow, the same number of RB is used to carry the packet, regardless of packet size. Furthermore, if 20RB (e.g. 2 sub-channels, each sub channel is 10RB) allocation is used, the first 2RB is dedicated to PSCCH, hence PSSCH only has 18RB. Given that this reflect the real deployment scenarios, we update our LTE V2X link curve accordingly.
2. NR V2X resource allocation and traffic.
Even though it is agreed to temporally use 1100 bytes packet size for NR V2X. We cannot make the change in time given the short time interval between when the discussion concluded and the submission deadline. Even though this mismatch may affect NR V2X performance, we do not expect much change in terms of out of channel interference impact to LTE V2X. For this reason, we present on this paper only LTE V2X PRR results.
3. Antenna pattern.
In RAN1, it is agreed that for LTE V2X, when there is a single antenna panel on the rooftop of a vehicle, the antenna pattern should be horizontal omni-directional. The detail of model is as in Table 2.2.3
Table 2.2.3: Antenna element pattern for vehicle UE in Option 1
	For 6 GHz

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	Vehicle Type 2: 
[image: ]
Vehicle Type 1 and Type 3: [image: ]

	Pattern combining method for 3D 
	[image: ]

	Max direct. gain of the antenna element
	3 dBi


This is a reasonable assumption for vehicular communication, and we think that it should be carried over to RAN4 RF coexistence evaluation.
ACLR and ACS
We will follow the 2 step ACLR and ACS model. The details are as follow
1. 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 value is derived from LTE V2X definition of ACS and in band blocking requirement, as will as DSRC adjacent and alternate adjacent channel rejection requirement definition
Table 2.3.1: 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] + XdB

	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.



Simulation Result
In figure 1 is the performance of NR V2X Packet Reception Loss, while figure 2 is the performance of LTE V2X. We can see that under the simulation assumptions above, the degradation coming from adjacent channel aggressor is quite acceptable to both systems.

[image: ]
Figure 3.1. LTE V2X Performance

In figure 3.1, we compare the PRR performance of LTE V2X under 4 different scenarios. 
1. Single system: only LTE V2X operates in a 20MHz channel.
2. NR V2X aggressor, X = 0: LTE V2X operates in a 20MHz channel. NR V2X operates in the adjacent 40MHz channel. The ACLR of NR V2X is 30dB in first step and 43 dB in the second step.
3. NR V2X aggressor, X = 3: LTE V2X operates in a 20MHz channel. NR V2X operates in the adjacent 40MHz channel. The ACLR of NR V2X is 33dB in first step and 46 dB in the second step.
4. NR V2X aggressor, X = 6: LTE V2X operates in a 20MHz channel. NR V2X operates in the adjacent 40MHz channel. The ACLR of NR V2X is 36dB in first step and 49 dB in the second step.
Based on the result, our initial assessment this that the performance degradation inflicted to LTE V2X system is negligible, even without any tightening to the existing NR Uu ACLR requirement. Of course, this result need to be re-evaluated in accordance to the newly agreed simulation assumption.
Conclusions
We present in this paper our initial simulation result for RF Coexistence evaluation in 5.9GHz frequency between LTE V2X and NR V2X in the urban scenario.
The initial assessment is that LTE V2X can coexist with NR V2X aggressor, assuming NR V2X also meet the current NR Uu ACLR requirement.
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