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1. Introduction

In the RAN#68 plenary meeting, a study item for LTE-based V2X services was approved [1]. The objectives of this study are to evaluate new functionalities needed to operate LTE-based V2X (V2V, V2I/N, and V2P), and to investigate potential enhancements for vehicular services defined in SA1 TR [2]. First, it is necessary to establish the evaluation methodology for feasibility of LTE-based V2X. In this contribution, we discuss channel model and the other simulation parameters.
2. Mobility modeling
In Rel.12/13, system level simulations for (e)D2D assumed that UEs does not change its locations although up to 60 km/h mobility was assumed for public safety scenarios; there was no modeling on how a UE changes its geographical location during the simulation runtime. In that simulation, UE mobility affected the short term fading only with maintaining pathloss and shadowing at the time domain assuming the same locations of UEs. Such a system level simulation can be referred as “static” simulation. 

In V2X evaluations, even higher mobility like 280 km/h is under consideration SA1 TR [2] and, UEs can move hundreds of meters in the time interval of a few milliseconds potentially making non-negligible change on long term channel. So, we can basically question whether or not the assumption of no location update of UEs will be kept in evaluations in V2X study. 
Static simulation is still useful in the study of V2X as it is simpler than a “dynamic” simulation. So, it can be used at least for the urban grid scenario [3] where the maximum vehicle speed is not more than that of Rel-12/13 (e)D2D study. Furthermore, it can provide good insight in the system capacity analysis, i.e., in checking whether the system can provide sufficient latency and reliability for the given traffic intensity because the distance of each link (UE-UE, UE-RSU) does not change and it becomes possible to gather sufficient samples for a given link. For these reasons, a static simulation can be used for all the scenarios considered in [3].
However, the static simulation has the limitation that we cannot observe the impact of high mobility which may be considerable in some other aspects, e.g., the signaling overhead in communication between vehicles and eNBs. Thus, it will be also useful to consider the dynamic simulation for very high mobility case such as the freeway scenario [3] with relatively sparse vehicle density. 
If the dynamic simulation is used and the assumption of location updates of UEs is to be pursued, it should be determined how frequently are locations of UEs updated, and how to model the time correlation in LOS/NLOS determination, shadowing and scatterers in SCM channel model. One solution for dynamic simulation is to update each vehicle’s location (and the related parameters) periodically, e.g., every 100 ms. Then, LOS/NLOS determination, pathloss, shadowing and scatterers do not change within the period. Across period, UE location is updated based on the mobility accumulated during one period, and also large scale parameters in SCM channel model are updated with time correlation. Details of how to model LOS/NLOS determination, pathloss, shadowing and scatterers are given in section 3. 
Proposal 1: In order for dynamic simulation to represent the impact of high mobility on the performance, each UE’s location updated periodically; large scale parameters do not change within the period. Across period, UE location is updated based on the mobility accumulated during one period, and also large scale parameters in SCM channel model are updated. 
Proposal 2: The “static” simulation with infinite period can be adopted for both of urban grid and freeway scenario to check performance for the given traffic intensity. The “dynamic” simulation with finite period such as 100ms can be applied to freeway scenario to check the impact of UE mobility on the performance.
3. LOS/NLOS, Pathloss, Shadowing, Fading model
In section 2, we discussed “static” simulation and “dynamic” simulation in accordance with UE locations’ update. As the above mentioned, time correlation model is required for LOS probability, shadowing and scatterers in SCM channel model to apply to dynamic simulation. In order to avoid redundancy of simulation, we prefer to design common models for both of snap shot simulation and dynamic simulation. As two scenarios on the road and vehicle dropping are proposed in [3], we will discuss how to model channels for the two scenarios below.
For the pathloss, the model in ETSI TR 102 861 [4] can be the basis as it is supported by other researches. This model uses an explicit method for LOS/NLOS determination where the location of the two devices determines whether the link is in LOS or NLOS. To be specific, for the freeway scenario where no buildings appear as obstacles, all the links are assumed to be in LOS. For the urban grid scenario, a link between two devices is LOS if it is not blocked by any building, and it is near LOS if blocked by two perpendicular walls, and it is NLOS if blocked by two parallel walls or more than three walls. For more explanation, small urban grid with buildings and roads is depicted in Fig. 1. In this figure, the square with gray color represents building, and other parts stand for roads. If two vehicles are on (1,0) and (2,1), the link is near LOS, since it is blocked by two perpendicular walls. If two vehicles are on (1,0) and (1,2), the link is non LOS, since it is blocked by two parallel walls. The model can be summarized as follows:
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In the model, 
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represent coordinates on 
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-axis, respectively. According to ETSI TR 102 861 [4], the pathloss for near LOS and non LOS is obtained by applying additional attenuation in Table 1 to the LOS pathloss. 
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Fig.1 small urban grid with buildings and roads
Table 1. The extra-attenuation for urban model
	Parameter EA
	Value

	LOS
	0

	Near LOS
	-13dB

	Non LOS
	-30dB


We may reuse the LOS pathloss equation in ETSI TR 102 861 [4] for the link between two vehicles, but it has the problem that this equation has no parameters such as the antenna height so it is difficult to apply/extend it for the link to an RSU which may be located at a higher location (e.g., on the traffic light). One possibility is to adjust the parameter of LOS pathloss model used in (e)D2D so that it can be aligned with the outcome of ETSI model in the vehicle-to-vehicle case. As shown in Fig.2, taking the antenna height of 2 m in (e)D2D model makes almost the same result as ETSI model. We propose to use pathloss model in ETSI for the link vehicle-to-vehicle case by that LOS pathloss in ETSI is substituted with LOS pathloss used in (e)D2D. Then, we can use the same formula for an RSU with a different antenna height.
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Fig.2 Comparison between LOS pathloss models of ETSI and (e)D2D
The above described pathloss model based on an explicit LOS/NLOS determination can be used for the link between two UEs and the link between a UE and  a micro RSU (eNB type or UE type) which is deployed specifically for the purpose of V2X near the roads. On the other hand, if a macro eNB, which is deployed also for other cellular communication services, is used for RSU, it is difficult to apply such an explicit LOS/NLOS determination because of high location of a macro eNB. In this case, we can use a simple pathloss model such as 3GPP mode 1 in TR 36.814 [5] which does not differentiate LOS/NLOS. Our proposal in pathloss model is summarized in Table 2.

Table 2. Proposed pathloss model for V2X in urban grid/freeway scenario of static/dynamic simulation

	Link
	Pathloss model

	UE to UE or 

Micro RSU to UE
	UMi LOS in WINNER+ with extra attenuation in ETSI TR 102 861

	Macro RSU to UE
	3GPP model 1 in TR 36.814


For the time correlation of shadowing, it depends on the changed locations of UEs, since time correlation of shadowing at the same location would be almost one. Thus, spatial correlation model according to changed UE locations is needed in the dynamic simulation. Then, we recommend use of sum-of-sinusoids (SOS) method in [6][7], and one of SOS method namely Discrete Monte Carlo Method (DMCM) is summarized in Appendix A. Since such an algorithm generates just one map for shadowing correlation, which is applied for all the UEs, shadowing correlation among UEs naturally would be generated. We note that this shadowing correlation model is not necessary for the static simulation because UE location is not updated during the runtime.
Finally, for the scatterers in SCM channel, considering simulation effort, we can simply assume to independently generate it across two periods of UEs’ locations update. Thus, we can reuse the fast fading model utilized in (e)D2D SI/WI, which includes the dual mobility nature. However, the assumption of UE speed is different. As shown in SA1 TR [2], 60km/h is assumed for the urban grid, and 160km/h is assumed for freeway.
Proposal 3: LOS/NLOS for V2X is determined by the model researched in ETSI TR 102 861, which can be applied for urban grid/freeway scenario and static/dynamic simulation.
Proposal 4: Pathloss models shown in table 2 are used for V2X scenario, which can be applied for urban grid/freeway scenario and static/dynamic simulation
Proposal 5: For the time correlation of shadowing, sum-of-sinusoids method can be used in [6].

4. Other simulation assumptions
· Max power

V2X targets both of the conventional LTE carrier (e.g., 2 GHz) and ITS-dedicated carrier (e.g., 5.9 GHz) [3]. In the conventional LTE carrier, 23dBm has been assumed to be the maximum UE power in the simulation assumptions, and thus it can be reused for V2X simulations. For ITS band, various transmit power limits are described in IEEE 802.11p, where the minimum value is 23dBm. In order to operate V2X in the minimum max power level, the max power can also be assumed to be 23dBm as baseline in ITS band. If there are needs for other values, those can be optional. Micro RSU can also be assumed to be the same value 23dBm of max power for the unification, which is similar value defined in small cell SI in TR36.872 [8]. Macro RSU can be assumed to be the same max power 46dBm in macro eNB.
· Number of antennas and antenna gain
Vehicles seem to be easily equipped with multiple transmit antennas, and by using those, it may be possible to enhance V2X performance. However, considering tight time schedule of the first phase of this study item, it will be difficult to study the multi-antenna features from the beginning. Thus, the baseline can be to assume 1 TX and 2 RX antennas for UE, and other possibilities may be considered later. 
For antenna gain, we can reuse 0 dBi, 5dBi and 17dBi for UEs, micro RSU and macro eNB, respectively, which are typically used in LTE sytem.
· In-band emissions

Assuming SC-FDMA is used for UE transmission, in-band emission model of Rel-12/13 (e)D2D can be reused for the single cluster case. If multi-cluster transmission is considered in V2X, in-band emission for each cluster transmission can be superposed altogether. This can be a simple but reasonable assumption; there is no RAN4 requirement specific to the inband emission of multi-cluster UE transmissions and this implies that the power leakage of the multi-cluster transmission to non-allocated RBs is not severer than the sum of leakage from each cluster.  
· Power consumption
Power consumption has already been discussed in (e)D2D study, which is described in TR36.843. The same assumption can be reused for both of pedestrian and vehicle. 
· AGC

AGC is used to estimate the range of received power in the analog circuit, which can affect the design of physical format of V2X. It has been already discussed in (e)D2D, and it seems that the required AGC time is not related to the carrier frequency. Thus, we can reuse the assumption of 70 us AGC time.
· Switching time

Switching time is needed when UEs change from receiver to transmitter or from transmitter to receiver. Switching time has been assumed to be 624Ts
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20us in the conventional LTE systems, and thus, it can be reused for V2X scenario in conventional LTE carriers. However, switching time in ITS-dedicated carrier may be different. To be specific, the emission mask currently defined for ITS carriers at 5.9 GHz is looser than that typically used for the conventional LTE system. This enables a faster switching between transmission and reception because the time-domain response time is shorter for a filter having a wider frequency range. If we follow the parameter in IEEE 802.11 standard, Tx-to-Rx switching time is less than 10us and Rx-to-Tx switching time is less than 5us. As there is a similar discussion in LAA WI, RAN1 can work considering the possibility of 10 us and 5 us switching time for Tx-to-RX and RX-to-TX while waiting for RAN4 input.

Proposal 6: Max power, # of antennas, in-band emission for single cluster transmission and power consumption used in D2D scenario can be reused for V2X scenario.

Proposal 7: For multi cluster transmission, in-band emission of each cluster case can be superposed altogether in V2X scenario.
Proposal 8: AGC time 70us used in D2D scenario can be reused for V2X scenario.

Proposal 9: For LTE band, switching time is assumed to be 20us, and for ITS band, Tx/Rx switching time is less than 10us, and Rx/Tx switching time is less than 5us.
5. Conclusion
In this contribution, we discussed UE mobility modelling for the dynamic simulations in V2X SI. Also, fading channel model and other simulation assumptions are discussed. The proposals based on the discussion are given as follow:
Proposal 1: In order for dynamic simulation to represent the impact of high mobility on the performance, each UE’s location updated periodically; large scale parameters do not change within the period. Across period, UE location is updated based on the mobility accumulated during one period, and also large scale parameters in SCM channel model are updated. 

Proposal 2: The “static” simulation with infinite period can be adopted for both of urban grid and freeway scenario to check performance for the given traffic intensity. The “dynamic” simulation with finite period such as 100ms can be applied to freeway scenario to check the impact of UE mobility on the performance.

Proposal 3: LOS/NLOS for V2X is determined by the model researched in ETSI TR 102 861, which can be applied for urban grid/freeway scenario and static/dynamic simulation.
Proposal 4: Pathloss models shown in table 2 are used for V2X scenario, which can be applied for urban grid/freeway scenario and static/dynamic simulation

Proposal 5: For the time correlation of shadowing, sum-of-sinusoids method can be used in [6].

Proposal 6: Max power, # of antennas, in-band emission for single cluster transmission and power consumption used in D2D scenario can be reused for V2X scenario.

Proposal 7: For multi cluster transmission, in-band emission of each cluster case can be superposed altogether in V2X scenario.
Proposal 8: AGC time 70us used in D2D scenario can be reused for V2X scenario.

Proposal 9: For LTE band, switching time is assumed to be 20us, and for ITS band, Tx/Rx switching time is less than 10us, and Rx/Tx switching time is less than 5us.
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Appendix A. Sum-of-sinusoids method

This appendix summarizes Discrete Monte Carlo Method (DMCM) that is one of sum-of-sinusoids methods for simulating correlated shadow fading in [7].



 EMBED Equation.3  
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represents the shadowing fluctuation, with [x,y] and [u,v] indicating the Tx and Rx positions in the given area respectively,
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 is a random variable uniformly distributed over the range [0,1], and 
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 is uniformly distributed over [0,2π),
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This method can be used to generate a virtual shadowing map with desired correlation properties. As the sum-of-sinusoids method gives deterministic output, the virtual map is stored in terms of a set of sinusoids at each considered point, instead of the actual shadowing fluctuation values. The shadowing fluctuation for any Tx-Rx link within this virtual map is then calculated on demand. This enables the model to implement the shadowing process over a large geographic region without the need for excessive memory space.

• The number of sinusoids N: N should be great enough to ensure the model accuracy. It should be noted that the model accuracy is also a function of ∆f. According to the performance analyses in [7], for ∆f=1/(20 dcor ), N=500 is suggested. 
• The spatial resolution  ∆x: the DMCM model is only able to directly generate the shadowing fluctuations on spatial grids with resolution ∆x. For any Tx/Rx location off those grid points, the shadowing fluctuation value has to be spatially interpolated from the values at nearby grid points. The simplest (also the fastest) interpolating method is approximating the shadowing fluctuation by returning the value for the nearest grid point, in which case, ∆x must be much less than the distance up to which the mean received power (and hence the shadowing fluctuation value) remains approximately constant. An accepted empirical bound is terminal movement over a few tens of wavelengths.
• The frequency resolution ∆f: this parameter defines the shadowing process periodicity. Therefore, 1/∆f must be no less than max [xMAX, yMAX]. For increasing model accuracy, ∆f should be as small as possible. However, decreasing ∆f increases the size of sinusoidal waveform table NTable, i.e. requires more computer memory, especially when the spatial resolution ∆xis set to a very small value. Decreasing ∆f also results in larger periodicity, which is undesirable if a user want to wrap a small virtual shadowing map to simulate large networks with a lot of radio nodes (in order to reduce the network simulation time). ∆f < 1 / (20 dcor) is suggested. 
• The table size of stored sinusoidal waveform is calculated by NTable= 1 / (∆x·∆f ) 
•The actual shadow fading value between any pair of radio nodes on the virtual map can be calculated by multiplying 
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 on shadowing fluctuation value.
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