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1. Introduction

In this paper, we share our initial views on adjacent channel coexistence study between DSRC and V2V in the unlicensed ITS (5.9GHz) band. We focus on the case when LTE-V2V is the aggressor and DSRC/802.11p is the victim.

2. Notation
In the remainder of the paper, LTE-V2V is abbreviated as V2V. Further, following the terminology adopted in US, ITS based on 802.11p is abbreviated as DSRC. 

The adjacent channel coexistence between two systems is represented as (Victim system) ← (Aggressor system), with the reference to the performance of the victim system. Example, DSRC ← V2V refers to impact/performance of the victim DSRC/802.11p system that is getting interference from an LTE-V2V operating in the adjacent channel

3. Evaluation methodology
In this section, we first discuss the evaluation methodology adopted in this paper. 
For a victim DSRC system, there are two systems to compare: (a) DSRC (without interference), (b) DSRC ← V2V. However, for DSRC/V2V services, RAN4 has not yet established a reference for the allowed degradation to the throughput of the victim system (e.g. 5% average throughput loss used for WAN coexistence). It is hence suggested to additionally consider the case of DSRC ← DSRC as a reference. The rationale being that in regimes of interest (e.g. packet reception rate > x %), DSRC ← DSRC can serve as a reference for the allowed degradation in DSRC ← V2V.
Proposal 1: To study the impact due to V2V aggressor on an adjacent victim DSRC system, it is proposed to compare the performance of the following systems:
a) DSRC (without interference)

b) DSRC ← DSRC

c) DSRC ← V2V

For the preliminary analysis presented in this paper, one key motivation was compare the impact due to DSRC and V2V systems in a fair manner. For this purpose, the transmit powers are chosen such that energy over the transmit time are the same in both systems. Further, the ACLR assumptions are kept the same. This will help highlight the difference in impacts of DSRC and V2V systems due to the following factors:

· No LBT assumption for V2V

· More energy in the channel for V2V due to FDM
4. Simulation assumptions
In this section, we outline the simulation assumptions made for the DSRC and V2V systems. Detailed discussion on a few parameters (when deemed necessary) is also presented.

4.1. Common simulation assumptions

Table 1: Common simulation parameters for V2V and DSRC systems

	Parameter
	Value

	Channel bandwidth
	10 MHz

	Traffic model
	Periodic traffic model as specified in [TR 36.885, A.1.5]:
· 100ms message generation period

· One message of size 300 bytes, followed by four messages of size 190bytes

· Time instance of message generation is randomized among vehicles



	UE to UE pathloss model 
(Freeway drop)
	As specified in [TR 36.885, A.1.4]:

Pathloss model

LOS in WINNER+ B1 (note that the antenna height should be set to 1.5 m.). Pathloss at 3 m is used if the distance is less than 3 m.

Shadowing standard deviation

3 dB
Shadowing distribution
Log-normal

Decorrelation distance

25m



	UE to UE pathloss model 
(Urban drop)
	As specified in [TR 36.885, A.1.4]:

Pathloss model

WINNER+ B1 Manhattan grid layout (note that the antenna height should be set to 1.5 m.). Pathloss at 3 m is used if the distance is less than 3 m.
Shadowing standard deviation

3dB for LOS and 4dB for NLOS
Shadowing distribution
Log-normal
Decorrelation distance

10 m



	UE RF parameters
	Noise figure: 9dB

Antenna configuration: 1 Tx, 2 Rx


4.2. DSRC specific simulation assumptions

Table 2: Simulation parameters specific for DSRC system

	Parameter
	Value

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

	DIFS
	58us (SIFS + 2*slot_time)

	SIFS
	32us

	Physical header size
	40us 

	MCS
	QPSK, rate 1/2 (for packet size of 190bytes and 300bytes)

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

	Threshold triggering physical header decoding
	-98dBm

	CCA-CS
	-85dBm

	CCA-ED
	-65dBm

	UE transmit power
	See Section 4.4.1 below for further discussion and justification
Conducted max transmit power: 26.87dBm

Antenna Gain: 4.3 dBi

Max EIRP: 26.87+4.3=31.17dBm

	UE ACLR
	38dBc (flat) [see discussion in ]


4.3. V2V specific simulation assumptions

Table 3: Simulation parameters specific for V2V system

	Parameter
	Value

	Modulation
	QPSK

	Number of RBs for Data
	14 RBs (for 190bytes)

20 RBs (for 300bytes)

· Chosen to have similar MCS as DSRC assumption

	SA + Data transmission scheme
	Multi-cluster SA+Data (total #RBs = 1+ # data RBs)

	LBT scheme
	Not assumed 

(sensing done for resource selection, but not channel avoidance)

	UE transmit power
	See Section 4.4.1 below for further discussion and justification

Conducted max transmit power: 23dBm

Antenna Gain: 4.3 dBi

Max EIRP: 23+4.3=27.17dBm

· Note leads to 23dBm/MHz EIRP PSD for 15RB transmissions

	UE ACLR
	Assumed to be the same as DSRC ACLR of 38dBc (flat) for comparison with DSRC aggressor in this paper. 

· Further RAN4 discussion on feasibility of high ACLR needed

· Further RAN4 discussion on ACLR1/2 step model needed


Observation 1: Simulation assumptions adopted in this paper are listed in Table 1, Table 2, and Table 3.

4.4. Discussion on certain simulation parameters
4.4.1. Transmit power for DSRC and V2V

The transmit power (conducted tx power at antenna and the antenna gains) are chosen as follows.

There are 4 regulatory constraints that need to be accounted (at least in region 1) for the selection of transmit power for DSRC and V2V systems:

· C1: Max EIRP of 33dBm [EN 302 571]

· C2: Max EIRP PSD of 23dBm/MHz [EN 302 571]

· C3: Max conducted transmit power class currently specified for V2V is 23dBm [TS 36.101]

· C4: Same energy over transmit time (for fair comparison between DSRC and V2V aggressor systems)
Then we first compute the max V2V transmit power as follows:

· From C3, max conducted tx power for V2V is 23dBm

· From C2, the maximum antenna gain is 4.3dBi such that the max EIRP PSD for the smallest allocation (14+1 RBs = 15RBs) is 23+4.3+10*log10(15*180/1000) = 23dBm/MHz.

Then the max DSRC transmit power is derived as follows:

· Same antenna gain of 4.3dBi is used

· From C4, the transmit power is scaled to account for the difference in transmit times. The average transmit duration for DSRC is 4/5*381us + 1/5* 528us. The average transmit time for V2V is 1ms. This leads to a factor of 10*log10(4/5*381/1000 + 1/5* 528/1000) = 3.87dB.

Thus the total conducted transmit power = 23dBm + 3.87dB = 26.87 dBm (to have the same energy over transmit time as the V2V system)
4.4.2. ACLR

For DSRC, the ACLR requirements are derived based on the emission requirements [302 571]. Integrating the emission requirements in the adjcanet channel leads to an ACLR of ~38dBc.
Table 4: Transmit emission requirements for ITS/DSRC [302 571]

[image: image1.emf]
For DSRC, transmissions are over the entire BW and hence only ACLR1 of 38dBc needs to be modelled.

For V2V, we have assumed the same ACLR (38dBc, flat over the channel) for the initial analysis in this paper. The main motivation for reusing the same ACLR is just to compare the impact due to DSRC and V2V aggressor systems with all the similar assumptions (on energy over transmit time, ACLR, etc). RAN4 can study further on using two-step ACLR model for V2V for upcoming meetings.
Proposal 2: Following principles should be used to derive the simulation assumptions for DSRC ← V2V coex study:

· Same UE densities and traffic patterns for both DSRC and V2V systems.

· Transmit power of the two systems are normalized to have the same energy over the transmit time.

5. Simulation methodology

In this section, we provide a quick note on the simulation methodology adopted for the initial results.
Ideal coexistence simulation will require to simulate both the aggressor and victim systems simultaneously. For DSRC ← V2V, we recognize that this can be non-trivial since the transmit time / time granularity of both the systems is vastly different (1ms for V2V vs 13us slot time for DSRC). 

The results presented in this paper (in the next section) is based on the approximation depicted in Figure 1.
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Figure 1: Simulation methodology (approximation) adopted for the initial results presented in this paper.
Thus instead of simultaneously simulating the two systems (aggressor and victim), we first simulate the aggressor system in a standalone manner to generate the interference CDF, and then simulate the victim system in a standalone factor while injecting interference derived from the CDF of aggressor interference. Note that the rate of sampling of interference CDF should account for the time granularities of the aggressor and victim systems.

Observation 2: Simulation methodology (approximation) for the results presented in this paper is depicted in Figure 1.
Observation 3: In our assessment, for DSRC ← V2V and DSRC ← DSRC the approximation is close as long as:

· For DSRC ← DSRC if the probability of interference > CCA_ED threshold is low (< 1%) such that LBT of victim system is not affected for a significant fraction of time. This was verified using the interference CDF.
· Interference sampling is done at a rate to account for the time granularities of the aggressor and victim systems
6. Initial simulation results 
Figure 2 presents the results for packet reception rate vs. distance for the freeway drop with 140kmph UE speeds and density of 600 cars (note this is higher than that agreed in RAN1 TR 36.885). 
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Figure 2: Impact to the PRR vs Distance performance of a victim DSRC system in three cases: (a) without interference, (b) adjacent DSRC system, (c) adjacent V2V system. Freeway drop with 140kmphr speed and UE density of 600 cars is used for both DSRC and V2V systems.
From the initial results, it can be observed that:

· For PRR > 0.8, it is observed that the impact to a victim DSRC system due to an adjacent V2V aggressor is very similar to that of an adjacent DSRC aggressor. 
· For PRR < 0.6 higher degradation to the victim DSRC system is observed due to an adjacent V2V aggressor as compared to an adjacent DSRC aggressor. This is due to lack of LBT (higher probability of interference exceeding a threshold and FDM for V2V, and hence the impact at larger distances / lower PRR regimes). 

However, in order to draw strong conclusions regarding DSRC ← V2V coexistence, the simulation assumptions (e.g., ALCR for V2V) will first need to be finalized in RAN4. 
Observation 4: Initial simulation results for packet reception rate vs distance for (a) DSRC (without interference), (b) DSRC ← DSRC, and (c) DSRC ← V2V are compared in Figure 2.

7. Conclusions
In this paper, we presented our initial views and results on DSRC ← V2V adjacent channel coexistence. Following observations and proposals were made.

(Evaluation methodology)

Proposal 1: To study the impact due to V2V aggressor on an adjacent victim DSRC system, it is proposed to compare the performance of the following systems:

a) DSRC (without interference)

b) DSRC ← DSRC

c) DSRC ← V2V

(Simulation assumptions)

Observation 1: Simulation assumptions adopted in this paper are listed in Table 1, Table 2, and Table 3.

Proposal 2: Following principles should be used to derive the simulation assumptions for DSRC ← V2V coex study:

· Same UE densities and traffic patterns for both DSRC and V2V systems.

· Transmit power of the two systems are normalized to have the same energy over the transmit time.

(Simulation methodology)

Observation 2: Simulation methodology (approximation) for the results presented in this paper is depicted in Figure 1.
Observation 3: In our assessment, for DSRC ← V2V and DSRC ← DSRC the approximation is close as long as:

· For DSRC ← DSRC if the probability of interference > CCA_ED threshold is low (< 1%) such that LBT of victim system is not affected for a significant fraction of time. This was verified using the interference CDF.

· Interference sampling is done at a rate to account for the time granularities of the aggressor and victim systems
(Initial simulation results)

Observation 4: Initial simulation results for packet reception rate vs distance for (a) DSRC (without interference), (b) DSRC ← DSRC, and (c) DSRC ← V2V are compared in Figure 2.
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