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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is the Technical Report on TR on V2V Services based on LTE sidelink.
The purpose of the present document is to study the radio requirements on V2V services based on LTE sidelink as part of the Rel-14 work item. The normative requirements resulting from the present document will be addressed in the applicable release 14 Technical Specifications (TS).
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
RP-152293: " New WI proposal: Support for V2V services based on LTE sidelink ".
[3]
3GPP TR 36.877 V12.0.0: " LTE Device to Device Proximity Services; User Equipment (UE) radio transmission and reception ".
[4]

3GPP TR 36.942: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios".
[5]
3GPP TR 36.885 V1.0.0: " Study on LTE-based V2X Services".
[6]
R4-161498, "WF on adjacent channel coexistence scenarios for V2V".

[7]
R4-161499: "WF on V2V coexistence simulation parameters".

[8]
Recommendation  ITU-R  M.2084-0 (09/2015) - Radio interface standards of vehicle-to-vehicle and vehicle-to-infrastructure communications for Intelligent Transport System applications
[9]
ETSI EN 302 571 V2.0.0 (2016-03)
[10]
IEEE, IEEE 1609.0-2013 - IEEE Guide for Wireless Access in Vehicular Environments (WAVE) – Architecture
[11]
ECC Decision (08)01: "ECC Decision of 14 March 2008 on the harmonised use of the 5875-5925 frequency band for Intelligent Transport Systems (ITS)", approved 14 March 2008 and amended 3 July 2015.
[12]
ECC Recommendation (08)01:"Use of band 5855-5875 MHz for Intelligent Transport Systems (ITS)," approved 21 February 2008 and amended 3 July 2015.

[13]
Commission Decision 2008/671/EC of 5 August on the harmonised use of radio spectrum in the 5875-5905 MHz frequency band for safety related application of Intelligent Transport Systems (ITS)
[14]
IEEE 802.11™-2012: "IEEE Standard for Information technology - Telecommunications and information exchange between systems - Local and metropolitan area networks - Specific requirements - Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications".
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2
Symbols
Void.
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

D2D
Device to Device
D2DSS
D2D Synchronization Signal

PD2DSCH
Physical D2D Synchronization Channel

PD2DSS
Primary D2D Synchronization Signal

ProSe
Proximity based Services

PS
Public Safety
PSBCH
Physical Sidelink Broadcast CHannel

PSCCH
Physical Sidelink Control CHannel

PSDCH
Physical Sidelink Discovery CHannel

PSS
Primary Synchronization Signal

PSSCH
Physical Sidelink Shared CHannel

PSSS
Primary Sidelink Synchronization Signal
SD2DSS
Secondary D2D Synchronization Signal
SSS
Secondary Synchronization Signal

SSSS
Secondary Sidelink Synchronization Signal 
V2V
Vehicle to Vehicle
V2X
Vehicle to Anything
4
Background
4.1
Justification

LTE-based V2X is urgently desired from market requirement as widely deployed LTE-based network provides the opportunity for the vehicle industry to realize the concept of ‘connected cars.’ The market for V2V communication in particular is time sensitive because related activities such as research projects, field test, and regulatory work are alreay ongoing or expected to start in some countries or regions such as US, Europe, Japan, Korea, and China. In July 2015, Ministry of Industry and Information Technology (MIIT) of China approved Shanghai Intelligent Connected Vehicle Pilot Area from Shanghai International Automobile City. In October 2015, Shanghai International Automobile City released its initial plan to test 1000 LTE-V2X-enabled vehicles in an area of 90 square kilometres in 2018 - 2019.
3GPP is actively conducting study and specification work on LTE-based V2X in order to respond to this situation. A SA1 work item was approved in in SP-150573 to specify service requirements. SA2 agreed a study item in S2-153532 to identify and evaluate potential architecture enhancements. In RAN#68, a study item on LTE-based V2X Services was approved in RP-151109. In this study PC5-based V2V has been given highest priority until RAN#70. The motivation for prioritizing V2V until RAN#70 is to start a V2V work item in December 2015, as proposed in RP-151082. This RAN Feasibility Study (FS_LTE_V2X , TR 36.885) has completed the part of PC5 transport for V2V services. The RAN study concluded that it is feasible to support V2V services based on LTE PC5 interface with necessary enhancements, and the study also recommended to enhance at least LTE sidelink resource allocation, physical layer structure, and synchronization. In the meantime, the RAN study is also considering V2V operation scenarios based on not only LTE PC5 interface but also LTE Uu interface or a combination of Uu and PC5, and the maximum efficiency of V2V services may be achieved by selecting/switching the operation scenario properly.
Early completion of the corresponding RAN specification for PC5-based V2V and integration with Uu interface will enable fast preparation for device and network implementation, thereby allowing more chance for LTE-based V2V in the market. In addition, it can provide the basis for other V2X services, especially V2I/N and V2P services, so that RAN support for all the V2X services can be completed in time.
4.2
Objective
The objectives of this work item are to specify LTE sidelink enhancements for V2V services defied in [SA1 TR: TR 22.885]. Specification work in this item should start from the relevant outcome of the feasibility study on LTE-based V2X [RAN TR: TR 36.885]. 23 dBm UE maximum transmit power is assumed in this WI . 5GHz LAA operation is not part of the WI while it is not precluded in the future.
As can be seen from TR 22.885, some V2I services have quite similar requirements as V2V in terms of packet size, transmission frequency, latency requirement etc. This work item does not preclude some V2I services be naturally supported with functionalities specified in this work item.
The detailed objectives are as follows:
1) To specify enhancement to sidelink physical layer structure necessary for V2V services [RAN1]
2) To specify enhancement to sidelink synchronization procedure necessary for V2V services [RAN1, RAN2]

a) Low priority is given to enhancements to Rel-12/13 SLSS-based synchronization.
3) To identify what are necessary sidelink resource allocation enhancement option(s) among the ones captured in TR 36.885 for V2V services and specify the identified option(s) [RAN1, RAN2]

4) To specify a solution/requirement (if needed) for coexistence of PC5-based V2V operation and legacy Uu operation with LTE in the same carrier frequency [RAN1] and in an adjacent carrier frequency [RAN4] 
5) To specify a mechanism to enable E-UTRAN to select between PC5 and Uu for transport of V2V messages within network coverage, if necessary, in coordination with other working groups [RAN2]
Note that this mechanism should be applicable to potential enhancement to Uu for V2V services, e.g., the outcome of the Uu-based V2V part in TR 36.885. Note that Uu performance enhancentment for V2V is not the scope of this WI.
6) To specify necessary radio protocols and RRC signaling to support the above features [RAN2]
7) To specify necessary radio access network protocols if necessary [RAN3]
8) To develop a mechanism to prevent V2V from using spectrum that V2V is not authorized to use [RAN2]
9) To specify UE Tx and Rx RF requirement covering operations at up to 6 GHz carrier [RAN4]
10) To specify RRM core requirement [RAN4]
11) To specify a solution/requirement for coexistence of PC5-based V2V operation and DSRC/IEEE 802.11p on adjacent carrier frequencies within the 5.9GHz ITS spectrum. [RAN4] 
The work item should cover V2V services both with and without LTE network coverage, and cover both the operating scenario where the carrier(s) is/are dedicated to V2V services and the operating scenario where the carrier(s) is/are licensed spectrum and also used for normal LTE operation. The outcome of this work item should be able to support a relative speed of up to 500 km/h with enhancements/changes (if necessary) to the physical layer structure designed for the relative speed up to 280 km/h. This work should consider extension to V2I/V2P. This work should also consider progress in SA WGs.
The specified enhancements should reuse the existing features of LTE as much as possible.
4.3
V2V operating Scenarios
4.3.1
General Description
Editor Note: It will be added in future [FFS]
4.3.2
Operation Aspects

Editor Note: It will be added in future [FFS]
5
Deployment and co-existence studies

5.1
General
The purpose of this clause is to address deployment and co-existence studies for V2V services based on LTE sidelink. In this WI, RAN4 addresses LTE-based V2V communication services both with and without LTE network coverage, and covers both the operating scenario where the carrier(s) is/are dedicated to LTE-based V2V services (subject to regional regulation and operator policy including the possibility of being shared by multiple operators) and the operating scenario where the carrier(s) is/are licensed spectrum and also used for normal LTE operation. Specially, RAN4 need to specify V2V UE RF requirements based on adjacent coexistence evaluation of LTE based V2V operation and DSRC/IEEE 802.11p on adjacent carrier frequencies at the 5.9GHz ITS spectrum. For the coexistence evaluation study, RAN4 only consider UE existing UE power class with 23dBm for LTE-based V2V UE.
5.2
Operating bands
5.2.1
Regulatory Background

 In the following chapter, we look at the regulatory requirements around the different regions for ITS at 5.9GHz
5.2.1.1
ITU Region 1

In Europe, Intelligent Transport Systems (ITS) is specified in the ETSI HS between 5 855 MHz to 5 925 MHz, see Table 5.2.1.1-1. ECC Decision (08)01 [11] defines the spectrum usage conditions in the frequency range 5 875 GHz to 5 905 MHz for non-safety ITS and proposes CEPT administrations to consider within a future review of the Decision to include the designation of the frequency sub-band 5905-5925 MHz for an extension of ITS spectrum. ECC Recommendation (08)01 [12] recommends the spectrum usage of the frequency range 5 855 MHz to 5 875 MHz for non-asfety ITS. The Commission Decision 2008/671/EC [13] mandates a harmonized use of the frequency band 5 875 MHz to 5 905 MHz dedicated to safety-related ITS applications throughout the member states of the European Union. 

Table 5.2.1.1-1 5 GHz ITS frequency band segmentation in Europe 
	Frequency band
	Frequency range
	Usage
	Regulation

	ITS-G5B
	5 855 MHz to 5 875 MHz
	ITS non-safety applications
	ECC Recommendation (08)01 [12]

	ITS-G5A
	5 875 MHz to 5 905 MHz
	ITS road safety
	Commission Decision
2008/671/EC [13],

ECC Decision (08)01 [11]

	ITS-G5D
	5 905 MHz to 5 925 MHz
	Future ITS applications
	ECC Decision (08)01 [11]


In the following, we review the regulatory comformance requirements specified in the harmonized standard EN 302 571 [9], which applies to radio transmitters and receivers for ITS operating in the frequency range 5 855 MHz to 5 925 MHz in Europe.
5.2.1.1.1
TX requirements

5.2.1.1.1.1
RF output power

The radio frequency (RF) output power is the mean equivalent isotropically radiated power (e.i.r.p.) during transmission bursts. 

The maximum RF output power shall not exceed 33 dBm e.i.r.p.
5.2.1.1.1.2
Power spectral density
The power spectral density (PSD) is the mean e.i.r.p. spectral density during transmission bursts. 

The maximum power spectral density shall not exceed 23 dBm/MHz e.i.r.p.
5.2.1.1.1.3
Transmit power control
The TPC range shall at least be 3 dBm up to the maximum specified RF output power e.i.r.p of the equipment.
5.2.1.1.1.4
Transmitter frequency stability
The nominal carrier frequencies, fc , for ITS channels in the frequency range 5 855 MHz to 5 925 MHz are 5860 MHz, 5870 MHz, 5880 MHz, 5890 MHz, 5900 MHz, 5910 MHz and 5920 MHz. The maximum channel bandwidth is 10 MHz 

The equipment is required to operate on the applicable specific carrier centre frequencies and the actual carrier centre frequency for any given channel shall be maintained within the range fc ± 20 ppm.
5.2.1.1.1.5
Transmitter unwanted emissions
Unwanted emissions refer to radio frequency emissions outside the 5 GHz ITS frequency band, i.e. outside of 5 855 MHz to 5 925 MHz.
Table 5.2.1.1.1.5-1 and Table 5.2.1.1.1.5-2 tabulate transmitter unwanted emission limits in the spurious domain below 1 GHz and above 1 GHz, respectively. 
Table 5.2.1.1.1.5-1. Transmitter unwanted emission limits in the spurious domain below 1 GHz 
	Frequency range
	Maximum power, (e.r.p.) (dBm)
	Reference bandwidth

	30 MHz ( f ( 1 GHz
	-36
	100 kHz


Table 5.2.1.1.1.5-2. Transmitter unwanted emissions in the spurious domain above 1 GHz

	Frequency range
	Maximum power, (e.i.r.p.) (dBm)
	Bandwidth

	1 GHz to 5,795 GHz
	-30 dBm
	1 MHz

	5,950 GHz to 18 GHz
	-30 dBm
	1 MHz


Table 5.2.1.1.1.5-3 tabluates transmitter unwanted emission limits in the out-of-band domain of the 5 GHz ITS frequency band. 

The out-of-band domain is defined as ±250 % of the channel bandwidth. And then the out-of-band (OOB) domain for the 5 GHz ITS frequency band is 5,830 GHz to 5,855 GHz at the lower part and 5,925 GHz to 5,950 GHz at the higher part of the frequency band. However, the out-of-band domain is larger for the 5 GHz ITS frequency band and is including parts of the spurious domain (i.e. 5795-5830MHz), see Table 5.2.1.1.1.5-3. 
Table 5.2.1.1.1.5-3. Transmitter unwanted emission limits in the out-of-band domain of the 5 GHz ITS frequency band 
	Frequency range
	Maximum power, (e.i.r.p.) (dBm)
	Reference bandwidth

	5,795 GHz to 5,815 GHz
	-65 ([7], Clause 4.3)
	1 MHz

	5,815 GHz to 5,855 GHz
	-30
	1 MHz

	5,925 GHz to 5,950 GHz
	-30
	1 MHz


5.2.1.1.1.6
Transmitter spectrum mask within the 5 GHz ITS frequency band for 10 MHz channels

The spectrum mask in Table 5.2.1.1.1.6-1 applies within 5 855 MHz to 5 950 MHz according to ETSI EN 302 571 [9]. .We note that there may be a typo in the applicable range and this may be 855 MHz to 5 925 MHz
Table 5.2.1.1.1.6-1. Transmitter spectrum mask for 10 MHz channel bandwidth 
	Power Spectral Density at the carrier centre frequency fc (dBm/100 kHz)
	± 4,5 MHz

offset

(dBm/100 kHz)
	± 5,0 MHz

offset

(dBm/100 kHz) 
	± 5,5 MHz

offset

(dBm/100 kHz)
	± 10 MHz

offset

(dBm/100 kHz)
	± 15 MHz

offset

(dBm/100 kHz)

	0
	0
	‑26
	‑32
	‑40
	‑50


5.2.1.1.2
RX Requirements
5.2.1.1.2.1
Receiver spurious emissions
Receiver spurious emissions are emissions at any frequency when the equipment is in receive mode. 

Table 5.2.1.1.2.1-1 tablulates the limits that the receiver shall not exceed.

Table 5.2.1.1.2.1-1. Spurious radiated emission limits

	Frequency range
	Maximum power
	Measurement bandwidth
	Special requirement

	30 MHz ( f ( 1 GHz
	-57 dBm (e.r.p.)
	100 kHz
	n/a

	1 GHz ( f ( 5,795 GHz
	-47 dBm (e.i.r.p.)
	1 MHz
	n/a

	5,795 GHz ( f ( 5,815 GHz
	-60 dBm (e.i.r.p.)
	1 MHz
	Applicable for an intended antenna installation ≤ 2 meters above the ground level.

	
	-65 dBm (e.i.r.p.)
	1 MHz
	Applicable for an intended antenna installation > 2 meters above the ground level.

	5,815 GHz ( f ( 18 GHz
	-47 dBm (e.i.r.p.)
	1 MHz
	n/a


5.2.1.1.2.2
Receiver selectivity

5.2.1.1.2.2.1 
Adjacent channel rejection

The adjacent channel rejection is a measure of the capability of the receiver to operate satisfactorily in the presence of a signal in the adjacent channel, which differs in frequency from the wanted signal by ± 10 MHz. 

The harmonized standard EN 302 571 [9] only provides the minimum required adjacent channel rejection parameters under specified conditions for receivers using the OFDM PHY specified in [14]
5.2.1.1.2.2.2 
Alternate channel rejection

The alternate channel rejection is a measure of the capability of the receiver to operate satisfactorily in the presence of a signal in the alternate adjacent channel, which differs in frequency from the wanted signal by ± 20 MHz.
The harmonized standard EN 302 571 [9] only provides the minimum required alternate channel rejection parameters under specified conditions for receivers using the OFDM PHY specified in [14].

5.2.1.1.2.2.3 
Blocking

Blocking is a measure of the capability of the receiver to operate satisfactorily in the presence of a signal in frequency band further away and it shall be tested at ± 50 MHz, ± 100 MHz, and ± 200 MHz. Blocking testing shall be performed at least at 6 different frequency offset positions. The manufacturer of the equipment can add additional frequency offsets positions.
The blocking level shall not be less than -30 dBm.
5.2.1.1.2.3
Receiver sensitivity

The receiver sensitivity is defined as the minimum receive signal level at the antenna connector required for a given packet error rate and modulation scheme (noise factor of 10 dB and 5 dB implementation margins are assumed).
The harmonized standard EN 302 571 [9] only provides the receiver sensitivity requirements for receivers using the OFDM PHY specified in [14]
5.2.1.2
ITU Region 2
In US, the V2V architecture and protocols has been standardized by IEEE Groups 802.11 and 1609 as named “WAVE (Wireless Access in Vehicular Environments)” in 5.850 to 5.925 GHz spectrum ranges as shown in Figure 5.2.1.2-1[3].
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Figure 5.2.1.2-1: FCC channel allocation in 5.9GHz for V2X services

The 5MHz from 5.850 to 5.855GHz is reserved as guard band. The channel 178 is the control channel and channels 172,174,176, 180, 182 and 184 are shared channel for V2X services. The aggregated channel 175 and 181 are 20MHz channel bandwidth to support multi-channel operation.

Specifically, per FCC 06-110, Channel 172 is for V2V safety communications for accident avoidance and mitigation, and safety of life and property applications. Channel 184 is for high-power, longer distance communications to be used for public safety applications involving safety of life and property, including road intersection collision mitigation.

5.2.1.2.1
RF out put power
The RF maximum transmit power classification are listed in Table 5.2.1.2.1-1 for V2X STA.

Table 5.2.1.2.1-1 Maximum EIRP levels the United States
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5.2.1.3
ITU Region 3
5.2.1.3.1
Korea

TTA published revised ITS standardization in 2014 to support vehicle communication with maximum 200km/h speed.

The advanced Intelligent Transport System radio-communications (pilot system) have to consider the described V2V/V2I communications and its service requirements and WAVE standards for international harmonization. In V2V applications, it is required to consider the low packet latency because the life-saving time of safety message is useful in the span of 100ms. Also it requires a highly activated radio channel when many vehicles try to activate radio channel simultaneously.
Thus the advanced ITS radio-communications have the following features as shown in Table 5.2.1.3.1-1 [8].

Table 5.2.1.3.1-1 Technical Characteristics
	Item
	Technical characteristic

	RF frequency
	5 855-5 925 MHz (Pilot system)

	RF channel bandwidth 
	10 MHz

	RF Transmit power
	23 dBm

	Modulation type
	OFDM (BPSK, QPSK, 16QAM, Option: 64QAM)

	Data rate
	3, 4.5, 6, 9, 12, 18 Mbit/s, Option: 24, 27 Mbit/s 

	MAC
	CSMA/CA, Option: Time Slot based CSMA/CA


5.2.1.4
Comparison
The Table 5.2.1.4-1 shows the comparison of technical characteristics of each standard for V2X services [8].

Table 5.2.1.4-1 Comparisons of Technical Characteristics
	Parameter
	ETSI
	IEEE
	TTA

	Operating frequency range
	5.855-5.925 MHz
	5.850-5.925 MHz
	5 855-5 925 MHz (Pilot system)

	RF channel bandwidth
	10 MHz
	10 MHz or 20 MHz
	Less than 10 MHz

	RF Transmit Power/EIRP
	Max 33 dBm EIRP
	
	23 dBm

	RF transmit power density
	
	
	

	Modulation scheme
	BPSK OFDM, QPSK OFDM, 16QAM OFDM, 64QAM OFDM
	BPSK-OFDM QPSK-OFDM 16-QAM-OFDM 64-QAM-OFDM
52 subcarriers
	BPSK OFDM, QPSK OFDM, 16QAM OFDM,

Option: 64QAM

	Forward error correction
	Convolutional coding, rate = 1/2, 3/4, 2/3
	Convolutional coding, rate = 1/2, 3/4
	Convolutional coding, rate = 1/2, 3/4

	Data transmission rate
	3 Mbit/s, 4.5 Mbit/s, 6 Mbit/s, 9 Mbit/s, 12 Mbit/s, 18 Mbit/s, 24Mbit/s, 27Mbit/s
	3, 4.5, 6, 9, 12, 18, 24 and 27 Mbit/s for 10 MHz channel spacing
6, 9, 12, 18, 24, 36, 48 and 54 Mbit/s for 20 MHz channel spacing
	3, 4.5, 6, 9, 12, 
18 Mbit/s,

Option: 24, 27 Mbit/s

	Media access control
	CSMA/CA
	CSMA/CA
	CSMA/CA,

Option: Time Slot based CSMA/CA

	Duplex method
	TDD
	TDD
	TDD


5.2.2
V2V operating bands
Editor Note: It will be added in future [FFS]
5.3
Channel bandwidths
Editor Note: It will be added in future [FFS]
5.4
Adjacent Channel Co-existence evaluations
5.4.1
Coexistence scenarios

The purpose of this clause is to address the evaluation scenarios on the adjacent channel co-existence of V2V based on LTE sidelink UE and legacy E-UTRA networks or DSRC/IEEE 802.11p UE at 2GHz and 5.9GHz operating frequencies.  
Following coexistence scenarios will be identified in both operating frequencies.

Table 5.4.1-1: V2V service coexistence scenarios in adjacent channel
	V2V operating frequency
	Deployment scenarios 

(Aggressor-to-Victim)

	V2V service at 2GHz
	· Case1: V2V UE-to-LTE BS
· Case2: LTE UE-to-V2V UE

	V2V service at 5.9GHz
	· Case3: V2V UE-to-DSRC UE

· Case4: DSRC UE-to-V2V UE


The details of the deployment scenarios are presented in the following subclauses.
Note 1. The adjacent channel co-existence analysis should consider the safety application parameters.
5.4.2
Simulation Assumptions

5.4.2.1
General for LTE system in 2GHz
Table 5.4.2.1-1: Simulation assumptions: General
	Parameter
	Value

	WAN UL scheduler algorithm
	Round robin with full buffer

	RBs allocated per active WAN UE
	16 PRBs 

	Number of active WAN UEs
	3UEs

	Channel Bandwidth
	10MHz for both LTE and V2V (at 2GHz)

	Number of active WAN UEs
	20UEs/Cell

	Minimum coupling loss (for both V2V & WAN UEs from eNodeB)
	As per clause 4.5.1 in TR 36.942:

- MCL : 70dB for urban area

	WAN UE transmit power control
	As per PC set 1 and PC set 2 of TR 36.942

- Note that power control algorithm parameters (PodBm, CLxile) should be optimized for network layouts being simulated. For simplicity, power control algorithm parameters are reused in section 5.1.1.6 in TR 36.942 for all network layouts
- Rmin = -64dBm
PC Set

Gamma

CLxile (dBm)

1

1

112

2

0.8

129



	UE-eNodeB pathloss models
	Follow TR 36.843 
UE-eNodeB pathloss model

PLLOS(R)= 103.4+24.2log10(R)
PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Prob(R)=min(0.018/R,1)*(1-exp(R/0.063))+exp(-R/0.063)

Shadowing standard deviation

10dB
Shadowing distribution
Log-normal
Penetration Loss

0dB


	UE RF parameters
	Noise figure: 9 dB

Antenna pattern: Omni-directional with gain of 0 dBi 

Number of antennas: 1 Tx, 2 Rx

	eNodeB RF parameters
	Noise figure: 5 dB

Antenna pattern: From clause 4.2.1.1 of TR 36.942
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	Channel 
	AWGN

	SINR-to-rate mapping
	As per link level performance model in TR 36.942 (Table A.2)

	UE ACLR model
	For power class 3 UEs (23dBm max transmit power)

For V2V aggressors (10RBs):

Frequency offset between aggressor UE (10 RBs) and victim UE (16RBs)

ACIR value (dB/16RBs)

0 RBs

30 + X
16 RBs

43 + X
>=[32RBs] FFS
[50] FFS

-
For WAN aggressors (16RBs): As per TR 36.942 (two-step): ACLR1/2 = 30/43 dB/BWaggressor



	ACS
	LTE BS ACS: 
- 46dB
V2V UE ACS:

- 33 + X dB


5.4.2.2
General for DSRC/ITS system in 5.9GHz

Table 5.4.2.2-1: Simulation assumptions: General
	Parameter
	Value

	DSRC UE Tx power
	23dBm/33dBm

	DSRC MCS
	QPSK with r=1/2
Transmit duration of 341us (190bytes) and 488 (300bytes) without header

	Channel Bandwidth
	10MHz for DSRC and V2V UE (at 5.9GHz)

	DSRC Traffic model
	1 transmission every 100ms

Periodic traffic model as specified in [TR 36.885, A.1.5]:

· 100ms message generation period

· Time instance of message generation is randomized among vehicles

	DSRC UE pathloss model
	Follow TR 36.885
DSRC UE-to UE 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.

 When the Building interrupt the received/transmitted UEs, follow NLOS pathloss model.   

If the travel path between two UEs is equal or more than twice turn arround building, then the PL between two UEs is infinite.
Shadowing standard deviation

3 dB for LOS and 4dB for NLOS
Shadowing distribution
Log-normal
Penetration Loss

0dB


	DSRC UE RF parameters
	Noise figure: 10 dB

Antenna configuration: 

- DL: 2Tx/2Rx, Cross-polarized 

- UL:1Tx/2Rx

Baseline: Open loop

Channel coding: LDPC or BCC code

	DSRC MAC
	Coordination : DL+UL coexistence evaluation : EDCA

	
	Detection : Energy detection & preamble detection

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

	DSRC DIFS
	58us (SIFS + 2*slot_time)

	DSRC SIFS
	32us

	DSRC Physical header size
	40us 

	DSRC Threshold triggering physical header decoding
	-98dBm

	DSRC CCA-CS
	-85dBm

	DSRC CCA-ED
	-65dBm

	DSRC OFDM symbol duration
	8us

	UE ACLR model
	For power class 3 UEs (23dBm max transmit power)

For V2V aggressors (10RBs):

Frequency offset between aggressor UE (10 RBs) and victim UE (16RBs)

ACIR value (dB/16RBs)

0 RBs

30 +X

16 RBs

43 + X

>=[32RBs] FFS
[50] FFS

For DSRC UE:

Use ACLR=[26- 38]dB

	ACS
	Use three candidate ACS range level for DSRC: 

- 22/25/29dB

V2V UE ACS:

- 33 + X dB


5.4.2.3
Detail parameters for V2V communications in both frequency bands
Table 5.4.2.3-1: Simulation assumptions: V2V communications

	Parameter
	Value

	V2V signal bandwidth
	10 PRBs

	V2V Traffic model
	1 transmission every 100ms

	
	Consider index 3 &4 for traffic model in Table A.1.5-1 in [5] with a maximum of 1 HARQ transmissions per packet (for both 190byte & 300byte). This parameters can be updated based on RAN1 physical layer design.

- Note1: Fixed location will be considered for adjacent coexistence evaluation. 

- Note2: Velocity only used to decide the UE density.

	V2V UE-to-eNodeB pathloss models
	Follow TR 36.885 [5]

Pathloss model

PL(R)= 128.1 + 37.6log10(R), R in km
Shadowing standard deviation

8dB
Shadowing distribution
Log-normal
Penetration Loss

0dB


	Pathloss model for 

- LTE/DSRC UE-to-V2V UE or 

- V2V UE-to-LTE/DSRC UE 

	Follow TR 36.885 [5]

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.

NOTE1 : When the Building interrupt the received/transmitted UEs, follow NLOS pathloss model.   

NOTE2 : If the travel path between two UEs is equal or more than twice turn arround building, then the PL between two UEs is infinite.
Shadowing standard deviation

3dB for LOS and 4dB for NLOS
Shadowing distribution
Log-normal
Penetration Loss

0dB


	UE max transmit power
	For V2V UEs at both frequency range (2GHz, 5.9GHz): 23dBm with 0dBi


5.4.3
Simulation Results

5.4.3.1
V2V Communications in 2GHz
Editor Note: It will be added in future [FFS]
5.4.3.2
V2V Communications in 5.9GHz
Editor Note: It will be added in future [FFS]
5.5
Additional scenarios

Editor Note: It will be added in future [FFS]
6
V2V transmitter characteristics

Editor Note: It will be added in future [FFS]
7
V2V receiver characteristics 

Editor Note: It will be added in future [FFS]
8
Other specification impacts (if applicable)

Editor Note: If it is applicable, then it can be added in future [FFS]
9
Performance requirements

Editor Note: It will be added in future [FFS]
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