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1. Introduction
In the RAN1 #82 meeting, evaluation methodology and deployment scenarios for PC5-based V2V were discussed [1]. In this contribution we discuss on the remaining issues for PC5-based V2V.

2. eNB-UE link channel model
The communication between eNB and vehicle UE would be required to support the V2V communication. For example, when the mode 1 resource allocation (i.e., the eNB indicates the information of the resource for the vehicle UE) is applied, the control signaling can be conveyed via Uu interface.
The path loss model for V2V in urban grid scenario, agreed in the previous meeting [1], determines the LOS / NLOS by whether or not obstructions (i.e., buildings) exist between two vehicle UEs (an explicit LOS/NLOS determination). This explicit method can be applied for the V2V case because the antenna height of the vehicle UEs is low enough compared to the height of the buildings. On the other hand, for the channel between eNB and vehicle UE, it is difficult to apply such an explicit LOS/NLOS determination because of high location of a macro eNB. The existing evaluation methodology also allows probabilistic determination of LOS / NLOS, but this is not suitable for dynamic simulation where each UE location is updated continuously. This is because the determination of LOS / NLOS at two different UE locations will have some correlation, but no proper modelling is defined for it so far. Considering this point, we can use a simple pathloss model such as Macro-cell model in TR 25.814 [2] or 3GPP Mode1 1 in TR 36.814 [3] which does not differentiate LOS/NLOS. We note that the channel model between a UE and an eNB other than macro eNB is provided in a companion paper [4].
The system simulation baseline parameters for the Macro-cell deployment model are given in Table A.2.1.1-3 of [2] and also summarized in Table 1. The same distance-dependent pathloss model in TR 25.814 [2] is also adopted for 3GPP Model 1 in TR 36.814 [3]. As shown in Figure 1, taking the eNB antenna height as 25 m, the pathloss of 3GPP Model 1 is in between the UMa LOS and UMa NLOS model. We propose to use 3GPP Model 1 for the pathloss model of Uu channel as follows for both urban grid scenario and freeway scenario.

L= 128.1+37.6log10(R) (R: distance between eNB and vehicle UE, in km)


[image: ]
Figure 1. Comparison between UMa LOS / NLOS pathloss model and 3GPP Model 1

The shadowing model, which reflects the change of shadowing value according to the updated location of the vehicle UE, is agreed in the previous meeting for vehicle-to-vehicle link. Similarly the shadowing between eNB and UE can be also updated. The baseline parameters for the shadowing model are also given in Table 1. The shadowing standard deviation can be set to 8 dB and the correlation distance of shadowing can be 50 m according to [2]. From the aspect of the cross correlation property (i.e., the shadowing of different eNBs to the same vehicle UE), the shadowing correlation between different sites (i.e., inter-site) is 0.5 and the shadowing correlation within same site (i.e., intra-site) is 1.0. The details of shadowing update are as below:

· Let M be the number of macro sites in V2X system simulation 
· Initialization (at time 0)
· Shadowing: SeNB2UE,i(0) =R*Ni (0)
· [image: ] 
· R is a MxM matrix to generate shadowing correlation between macro sites.
· A Shadowing correlation factor of 0.5 for the shadowing between macro sites and of 1 between sectors of the same macro site are used (referring to Table A.2.1.1-3 in TR 25.814)
· SeNB2UE,i(0): Mx1shadowing values between the ith UE and macro sites
· Ni(0): Mx1 i.i.d. normal vector generated for the ith UE.
· Update (at time 100*n ms)
· UE locations are updated as per agreed update rules
· SeNB2UE,i (n) = exp(-Di/D_corr) .* SeNB2UE,i (n-1) +sqrt{(1-exp(-2*Di/D_corr))}.*(R*Ni (n))
· where Ni (n) is an Mx1 i.i.d. normal vector for the ith UE.
· Di denotes the update distance matrix for the ith UE where Di(k,k) is change in distance of the ith UE to the kth macro site from time n-1 to time n. Note that Di is a diagonal matrix.
· D_corr = 50 meters (referring to Table A.2.1.1-3 in TR 25.814)

[bookmark: _Ref99889735]Table 1. Macro-cell system simulation baseline parameters
	Parameter
	Assumption

	Distance-dependent path loss
	L= 128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4[5]

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Fast fading Channel model
	Spatial Channel Model (SCM)

	Minimum distance between UE and cell
	>= 35 meters [6]



To accurately address MIMO system performance between eNB and vehicle UE, the Spatial Channel Model (SCM) is needed. Therefore, we propose the SCM as the fast fading channel model between eNB and vehicle UE. For link level and system level simulations, NLOS of SCM urban macro model [3] can be used and the large scale parameters are generated according to [3] and fixed during the simulation similarly to the agreement on the vehicle-to-vehicle channel. 

Proposal 1: 3GPP Model 1 is reused for the pathloss model of Uu channel.
Proposal 2: eNB to UE Shadowing is updated in the same manner as V2V.
Proposal 3: Spatial Channel Model (SCM) can be used for the eNB to UE  fast fading channel.

3. Handover modelling
Handover modelling issue was discussed during the email discussion [82-14]. In order to consider the aspect of eNB-UE link in a dynamic simulator where UE location is updated, a proper handover modelling is necessary. From RAN1 evaluation point of view, the main target is to assess the impact of handover on the RAN1-agreed performance metric such as PRR, so the handover modelling in RAN1 evaluation can be simplified by taking an ideal handover assumption where no handover failure occurs. To be specific, handover is triggered when the measurement result meets the handover condition, and after the handover execution time, the handover is completed and the UE can do unicast communication with the new serving cell. It should be assumed that a UE cannot perform existing unicast communication with any eNB during the handover execution time. Figure 2 shows this model. We note that any additional performance degradation caused by the non-ideality such as handover failure and RLF will not be observed in this model. Considering that such issues fall within RAN2 expertise, however, it seems reasonable for RAN1 to take this ideal model while all the detailed aspects of handover, e.g., handover failure rate, RLF probability, related signaling overhead, are studied in RAN2 if necessary.
Details of the proposed handover modeling are as follows:
· Measurement: Ideal RSRP measurement not including fast fading. In other words, a UE ideally measures received power of each cell signal which undergo only pathloss and shadowing.
· Handover condition: Based on Event A3 in TS 36.331 with 2 dB handover margin. In other words, handover is triggered if RSRP of the target cell is 2 dB larger than RSRP of the serving cell [7].
· Handover execution time: 40 ms from the handover triggering [7].
In addition, we propose to send an LS to RAN2 to inform this assumption and ask whether it is appropriate.



Figure 2. Handover modeling in V2X

4. Additional performance metric for PC5-V2V
In addition to the agreed performance metric Packet Reception Ratio (PRR), Packet Inter-Reception (PIR) was discussed during the previous meeting. PIR means the time elapsed between two successive successful receptions of two different packets transmitted from node A to node B. However, the motivation of an additional metric needs to be clearly understood firstly.
If it is intended to observe the occurrence of consecutive message loss which shall be prevented / avoided as described in TR 22.885 [8] and the agreed PRR is not sufficient for such observation, it would be better to define the probability of consecutive message loss directly. For example, RAN1 can define the probability of receiving at least one message out of n consecutive messages (defined as cumulative transmission reliability in TR 22.885 [8]), and this probability can be an average metric or distance-based metric similarly to PRR.

Proposal 4: Cumulative transmission reliability can be considered as an additional V2V performance metric.

5. In band emission model for multi-cluster transmission
For PC5-based V2V transmission, the simultaneous transmission of the SA and Data in the same subframe by FDM manner can be considered [9]. This kind of multi-cluster transmission can cause in-band emission to each cluster (SA or data part) and the effect should be also considered for V2V evaluation. In case of D2D, the in-band emission model for multi-cluster transmission is already defined in TR 36.843 [10] and we can also apply this scheme to the PC5-based V2V. The assumptions on value of in-band emission parameters (i.e. W, X, Y, Z) defined for single cluster transmission can be also used for multi-cluster transmission case.


The allocated power per RB () in Table A.2.1.5-1 of TR 36.843 [10] can be differentiated cluster by cluster if SA and data in the same subframe use different power spectral density. Then, the definition of  can be as follows: 

where  is the allocated power in  -th RB of  -th cluseter (, . The in-band emission model for PC5-based V2V is summarized in Table 2 and the changed parts compared to the D2D in-band emission models are highlighted with red color.
[bookmark: _GoBack]Table 2. In-band emission model for simulation of PC5-based V2V
	Parameter 
description
	Unit
	Limit (Note 1)
	Applicable 
Frequencies

	General
	dB
	

	Any non-allocated (Note 2)

	IQ Image
	dB
	-28-Y
	Image frequencies when carrier center frequency < 1 GHz and Output power > 10 dBm
	Image frequencies (Notes 2, 3)

	
	
	-25-Y
	Image frequencies when carrier center frequency < 1 GHz and Output power ≤ 10 dBm
	

	
	
	-25-Y
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	Carrier leakage
	dBc
	-28-Z
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (Notes 4, 5)

	
	
	-25-Z
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25-Z
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20-Z
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10-Z
	-40 dBm  Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB-X and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in Note 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the each allocated RB, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.


NOTE 5:	The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if  is odd, or in the two RBs immediately adjacent to the DC frequency if  is even, but excluding any allocated RB. 
NOTE 6:	LCRB,i  is the number of allocated RBs of the ith cluster in case of multi-cluster transmission. The overall transmission bandwidth LCRB is given as the sum of the number of allocated RBs of all clusters 

NOTE 7:  is the Transmission Bandwidth Configuration 

NOTE 8:  is the limit specified in Table 6.5.2.1.1-1 [11] for the modulation format used in the allocated RBs. 



NOTE 9:   is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  or  for the first adjacent RB outside of the any allocated RB. 

NOTE 10:	 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.
For multi-cluster transmission,  can be the following value:

where is the allocated power in  -th RB of  -th cluseter (, 


Assumptions on value of W,X,Y, Z for both single and multi-cluster transmissions: [0,0,0,0] dB and [3,6,3,3] dB

Proposal 5: D2D In-band emission model with modifications can be applied to PC5-based V2V for multi-cluster transmission.

6. Conclusion
In this contribution, we proposed the details of the remaining issues for PC5-based V2V including Uu channel model, performance metric and in-band emission model. Our proposals can be summarized as follows:

Proposal 1: 3GPP Model 1 is reused for the pathloss model of Uu channel.
Proposal 2: eNB to UE Shadowing is updated in the same manner as V2V.
Proposal 3: Spatial Channel Model (SCM) can be used for the eNB to UE  fast fading channel.
Proposal 4: Cumulative transmission reliability can be considered as an additional V2V performance metric.
Proposal 5: D2D In-band emission model with modifications can be applied to PC5-based V2V for multi-cluster transmission.

______________________________________________________________________
Reference

[1] Chairman’s note, 3GPP RAN1 #82
[2] 3GPP TR 25.814, “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Physical layer aspects for evolved Universal Terrestrial Radio Access (UTRA)”.
[3] 3GPP TR 36.814, “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects”.
[bookmark: _Ref107375314][4] R1-155414, “Remaining issues for the deployment scenarios of V2X evaluation methodology”, LG Electronics.
[5] ETSI TR 101 112 (V3.1.0): “Universal Mobile Telecommunications System (UMTS); Selection procedures for the choice of radio transmission technologies of the UMTS (UMTS 30.03 version 3.1.0)”.
[bookmark: _Ref107375543][6] 3GPP, TR25.996, “Spatial Channel Model for Multiple Input Multiple Output (MIMO)”.
[7] 3GPP TR 36.839, “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Mobility Enhancements in Heterogeneous Networks”.
[8] 3GPP TR 22.885, “3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; Study on LTE Support for V2X Services”. 
[9] R1-155416, “Discussion on resource structure for PC5-based V2V”, LG Electronics.
[10] 3GPP TR 36.843, “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Study on LTE Device to Device Proximity Services; Radio Aspects”.
[11] 3GPP TS 36.101: “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception".


6

image2.wmf
1/2

10.50.5

0.51

0.5

0.50.51

R

éù

êú

êú

=

êú

êú

ëû

L

OM

MOO

L


image3.emf
Time

RSRP of target cell > RSRP 

of serving cell + 2 dB

Communication with 

serving cell

Handover 

execution time

Communication with 

target cell

No existing unicast 

communication with any 

cell


oleObject1.bin
텍스트�

Time


RSRP of target cell > RSRP of serving cell + 2 dB


Communication with serving cell


Handover execution time


Communication with target cell


�

No existing unicast communication with any cell



image4.wmf
RB

P


oleObject2.bin

oleObject3.bin

image5.wmf
{

}

X

P

kHz

dBm

clusters

num

i

W

L

EVM

X

L

N

RB

i

CRB

i

RB

CRB

RB

-

-

-

=

-

-

D

×

-

-

×

-

×

-

-

180

/

57

,

_

,...,

1

,

}

/

)

1

(

5

3

log

20

max{

,

)

/

(

log

10

25

max

,

,

10

10


oleObject4.bin

image6.wmf
RB

N


oleObject5.bin

image7.wmf
RB

N


oleObject6.bin

image8.wmf
RB

N


oleObject7.bin

image9.wmf
EVM


oleObject8.bin

image10.wmf
RB

D


oleObject9.bin

image11.wmf
1

=

D

RB


oleObject10.bin

image12.wmf
1

-

=

D

RB


oleObject11.bin

oleObject12.bin

image1.png
Pathloss (dB)

160

140

120

g

Pathloss models @ 2.0GHz

|

| —t
L
Lt

| —t
|~

AW

AN
\
\
\
\

°

100 200 300 400 500 00 700 800 500 10D 1100 1200 1300 1400 1500 1600 1700 18D 13D 2000
distance (m)




