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1
Introduction

This contribution provides V2V operating scenarios and candidate operating bands and supported channel bandwidths.
****************** Start of the TP in subcluase 4.3, 5.2 & 5.3 of TR36.785 ************************
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

The V2V operation only supports PC5 based scenario.

In this scenario, a UE transmits a V2X message to multiple UEs at a local area in sidelink. RAN4 focus on the safety applications for V2V service as first priority as shown in Figure 4-1.
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Figure 4-1: V2V operation Scenario
4.3.2
Operation Aspects


RAN4 aspects for PC5-based V2V operation (Tx/Rx of V2V message) are as follows:

· (Aspect 1) Operation bands used as test points for evaluation

· Case 1A: 6 GHz

· Case 1B: 2 GHz

· (Aspect 2) eNB deployment consideration including possibility of network control

· Case 2A: UE autonomous resource allocation, at least mode 2, based on semi-statically network-configured/pre-configured radio parameters including no eNB coverage case.
· Case 2B: eNB providing more UE specific or/and more dynamic resource allocation including Mode 1 compared to case 2A.
In this V2V WI, single CC operation should be defined as first priority. (e.g. specify transmission and reception requirements for licensed bands and ITS spectrum (5.9GHz)). 
The multiple component carrier (MCC) operation for V2V service can be discussed as second priority in the V2V WI.
· (Aspect 3) Multi-carrier operation

· Case 3A: UEs communicating over PC5 across a single carrier.

· Case 3B: UEs communicating over PC5 across multiple carriers. 
For Case 3B, if possible, RAN4 can define V2V UE requirements for inter-band MCC operation (DL only, UL is single carrier) as second priority in RAN4
· Inter-band concurrent operation: DL simulatenous reception within licensed band + ITS spectrum (Band 47)
· (Aspect 4) Operating scenarios

· Case 4A: Single operator operation
· Case 4B: A set of PC5 operation carrier(s) is shared by UEs subscribed to different operators. This means that UEs belonging to different operators may transmit on the same carrier. 
· Case 4C: Each operator is allocated with a different carrier. This means that a UE transmits only on the carrier allocated to the operator which it belongs to.
· FFS: Case 4D: No operator operation 
In this V2V WI, single operator operation is considered as first priority. Case 4B is assumed in ITS spectrum. Case 4C is only considered in licensed band. 
· (Aspect 5) Co-existing with Uu

· Case 5A: Dedicated carrier for V2X. There is no uplink (Uu) traffic on the PC5 operation carrier.
· Case 5B: V2X carrier is shared with Uu.
In licensed band operation for V2V service, the Case 5B can be assumed. In ITS spectrum, the Case 5A can be assumed. 
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

For the V2V service, the Band 47 is defined for ITS spectrum as follow Table 5.2.2-1.

Table 5.2.2-1 E-UTRA ProSe operating band
	E‑UTRA ProSe Band
	E‑UTRA Operating Band
	ProSe UE transmit
	ProSe UE receive
	ProSe Duplex Mode
	ProSe Direct

	
	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	Disc.
	Comm.

	47 Note 1
	47
	5855 MHz
	–
	5925 MHz
	5855 MHz
	–
	5925 MHz
	HD
	
	Yes

	Note1: The ITS spectrum is used for V2X service.


For the multi-carrier operation, RAN4 defines con-current inter-band operation as following Table 5.2.2-2

Table 5.2.2-2 Inter-band ProSe V2X Inter-band  

	E-UTRA ProSe Band Note 1
	E-UTRA band Note 2

	47
	39 Note 3

	
	41 Note 3

	NOTE 1:
As specified in Table 5.2.2-1
NOTE 2:
As specified in Table 5.5-1 and Table 5.5A-2 [TS36.101]
NOTE 3:
Applies simultaneous downlink receptions in rel-14. Concurrent Transmissions are FFS.



5.3
Channel bandwidths


5.3.1
Channel bandwidths per operating band for V2V service
The V2V service combination of channel bandwidths and operating bands is shown in Table 5.3.1-1. The same (symmetrical) channel bandwidth is specified for both the TX and RX path. 
	Table 5.3.1-1 V2V communication channel bandwidth

E-UTRA ProSe band / ProSe channel bandwidth

	E-UTRA 

ProSe

Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	47
	
	
	
	Yes
	
	Yes


<End of Changed>
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