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Introduction
In this paper, we discuss the current RAN4 approach on V2V coexistence studies, with special attention to coexistence criteria and simulation assumption.
On the coexistence criteria, we notice some discrepancy in the way the simulation results are interpreted in different scenarios. Then we propose a unified framework to define co-existence criteria taking into account the fact that DSRC is the only alternative to C-V2X in bands dedicated for vehicular communications.
On the simulation assumptions for V2V coexistence studies, current assumption is that the inter-car distance is 2.5s (e.g. ~2315 UEs with 15kmph vs. ~577 UEs with 60kmphr in the urban layout), the total number of active cars was agreed as 1% (derived based on traffic assumption of 1 packet every 100ms), and the traffic is independent of the speed. However, we noted that the traffic model assumption of 1 packet every 100ms is not realistic for low speeds, given the CAM message generation procedure. Further details on the CAM message generation to support the argument of revisiting the traffic assumptions for low speeds are also provided.
This paper borrows heavily from similar discussions in RAN1/RAN2 based on the company papers [5][6].
Discussion on Result Interpretation
We notice that there is a discrepancy in the way that simulation result is treated in the 4 agreed coexistence scenarios. In particular, for DSRC to C-V2X and C-V2X to DSRC coexistence study, the results are compared with that of DSRC to DSRC coexistence. For C-V2X to LTE and LTE to C-V2X coexistence study we do not consider DSRC to LTE and LTE to DSRC as a reference scenario. 
Given that DSRC is the only alternative technology of C-V2X for V2V communication, any coexistence study has to take this fact into account. We propose that for all cases, RAN4 include a reference coexistence scenario where the C-V2X is replaced by DSRC. Then, the co-existence criteria should be that the performance metric degradation is the same in both of the C-V2X based coexistence scenario and the reference DSRC based coexistence scenario. Currently, only Case 1 and Case 2 include a reference scenario.
Proposal 1: Include a reference coexistence scenario in all 4 agreed Cases where C-V2X is replace by DSRC. The coexistence criteria is met if the level of performance degradation in the C-V2X scenario and the reference DSRC scenario is comparable.
Discussion on V2V CAM Traffic Assumption
In RAN1/RAN2, there have been discussion on the CAM message generation in the context of semi-persistent scheduling for the periodic CAM messages [4][5][6]. In this paper, we focus on the periodicity assumptions for CAM message that was discussed in RAN1/2, i.e., on the assumption of 100ms periodicity for CAM messages.
	CAM message generation rules from ETSI TS 302 637-2, and as summarized in [5]

	· The CAM generation interval shall not be inferior to 100 ms;
· The CAM generation interval shall not be superior to 1000 ms, i.e. 1 sec;
· Generate  a CAM, if  
· the distance between current position and the position included in the previous CAM exceeds 4 m; or 
· the absolute difference between current speed and the speed included in the previous CAM exceeds 0.5 m/s; or
· the absolute difference between current heading and the heading included in the previous CAM exceeds 4°.
· The generation rules for the CAM shall be checked every T_CheckCamGen which is equal to or less than 100 ms.



From the above description, we can see the generation of CAM message relates to the vehicle dynamics (speed, position, direction change exceeding thresholds). Thus the CAM message generation is linked to vehicle speeds. Further, as argued in [5], change in position is perhaps the most dominant cause of CAM message generation as compared to change is direction/speed which are expected to comparatively less frequent.
In [5], assuming position change to be the dominant cause of CAM message generation, the CAM message interval is derived as a function of the vehicle speeds. For simplicity, we only provide results for T_CheckCamGen=100ms, noting that the observation of that CAM generation interval is higher for lower vehicle speeds is not affected by this assumption.
[bookmark: _Ref458438215]Table 1: CAM interval as a function of vehicle speeds for T_CheckCamGen=100ms from [5]
	Speed of the Vehicle, S
	CAM Interval 

	144 km/h ≤ S
	100 ms 

	72 km/h ≤ S < 144 km/h
	200 ms

	48 km/h ≤ S < 72 km/h
	300 ms

	36 km/h ≤ S < 48 km/h
	400 ms

	28.8 km/h ≤ S < 36 km/h
	500 ms

	24 km/h ≤ S < 28.8 km/h
	600 ms

	20.6 km/h ≤ S < 24 km/h
	700 ms

	18 km/h ≤ S < 20.6 km/h
	800 ms

	16 km/h ≤ S < 18 km/h
	900 ms

	0 ≤ S < 16 km/h
	1 sec 



Based on the discussion in [5], RAN2 agreed the following text-proposal for TR 36.885 in [4]. Further we highlight the aspect that relates the CAM generation interval with UE speed.
	Subset of TP for TR 36.885 from [4]:

	Annex X: 	Traffic Characteristics of CAM
[some text omitted]
In scenarios with relative stable vehicle dynamics (e.g. highway), the main trigger for CAM generation is the change of position, i.e. the distance between the current position of the UE and the position included in the CAM previously transmitted by the UE exceeds 4 m, and as such is the main factor affecting the periodicity of the CAM. The triggering conditions of speed change and heading change generate only a few CAMs occasionally, and mainly influence the timing of the CAM traffic.
The period of the CAM typically changes when the vehicle’s speed change exceeds a range.
The period of the CAM remains unchanged and therefore the CAM can be regarded as periodical with a certain periodicity when the vehicle is travelling at a relatively stable speed within a certain range which depends on vehicle speed.
A speed change or heading change is likely to affect the timing offset of a series of CAMs occasionally, and such timing offset change may lead to misalignment between SPS timing and CAM timing which further results in the risk of the V2X delay requirement not being satisfied. 
In addition, the CAM message size is variable. The CAM message size is about 121 ~ 320 Bytes without certificate and about 230 ~ 429 Bytes with certificate.



In the current RAN4 coexistence simulation assumptions, we have been using 100ms periodicity for message generation. From the first bullet above, we notice that 100ms is the upper bound on the periodicity that will get triggered only in high speed scenarios. However, RAN4 has been using 100ms independent of the vehicle speeds and is hence an overly pessimistic assumption for very low speed (15kmpr) scenarios. While it is acceptable, and sometime even desirable in coexistence studies to make pessimistic assumptions so that the final design gives enough margin to deployed system, one should always be mindful of being over-pessimistic given the cost of an over-design system. In this case, 100ms inter packet arrival is 10 times greater than the realistic inter packet arrival at 15 km/h. With this assumption, even RAN1 study shows that the Packet Reception Rate cannot meet the performance requirement and the gain over DSRC diminishes. This shows that the 100ms inter packet arrival assumption is chosen in RAN1 merely for the sake of convenience analysis. Such a convenience is not affordable at RAN4.   
Observation 1: RAN4 coexistence simulation assumptions are currently using CAM message generation interval independent of the vehicle (UE) speed. Further, the assumption being using is an actual upper bound and is overly pessimistic for low vehicle speeds.
Observation 2: RAN1 study shows that with the current simulation assumptions, the performance requirement cannot be met for 15km/h case. The gain over DSRC diminishes for that case.  
Observation 3: From the CAM message generation rules [7], it can be seen that generation of CAM message relates to the vehicle dynamics (position, direction, and/or acceleration). Further the main (frequent) trigger is expected to be position and thus links the CAM message generation interval to vehicle speed.
Proposal 2: Revisit the simulation assumption on number of active UE of 1% (that was derived assumed CAM message generation interval of 100ms) to accurately reflect that message generation interval is dependent on UE speed.
Proposal on CAM message interval / active UEs
We propose to adopt the table proposed in [5] (repeated above in Table 1) relating UE speed to the message generation interval. We simply add a column to covert CAM interval to number of active UEs that RAN4 has been using.
Proposal 3: Adopt the following assumption on # of active UEs as a function of vehicle speed (based on R2-163807):
Table 2: CAM interval / number of active UEs as a function of vehicle speeds
	Speed of the Vehicle, S
	CAM Interval
	Average number of active UEs in a given subframe
= (1/CAM Interval * 100) %

	144 km/h ≤ S
	100 ms
	1%

	72 km/h ≤ S < 144 km/h
	200 ms
	0.5%

	48 km/h ≤ S < 72 km/h
	300 ms
	0.33%

	36 km/h ≤ S < 48 km/h
	400 ms
	0.25%

	28.8 km/h ≤ S < 36 km/h
	500 ms
	0.2%

	24 km/h ≤ S < 28.8 km/h
	600 ms
	0.17%

	20.6 km/h ≤ S < 24 km/h
	700 ms
	0.14%

	18 km/h ≤ S < 20.6 km/h
	800 ms
	0.125%

	16 km/h ≤ S < 18 km/h
	900 ms
	0.11%

	0 ≤ S < 16 km/h
	1 sec
	0.1%

	Note 1: Assumes T_CheckCamGen=100ms
	



Conclusions
In this paper, we propose to revisit the current RAN4 assumption on number of active UEs (derived from assumption on CAM generation interval) as follows:
Proposal 1: Include a reference coexistence scenario in all 4 agreed Cases where C-V2X is replace by DSRC. The coexistence criteria is met if the level of performance degradation in the C-V2X scenario and the reference DSRC scenario is comparable.
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