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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 V2X Services based on LTE sidelink.
The purpose of the present document is to study the radio requirements and adjacent channel coexistence with high power up to 33dBm on V2X 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-161894: " Revised WI proposal: LTE-based V2X Services ".
[3]
3GPP TR 36.885 V2.0.0: " Study on LTE-based V2X Services".
[4]
3GPP TR 36.101 V14.1.0: " User Equipment (UE) radio transmission and reception".

[5]
R4-168998: “WF on power class for high power V2X UE”.
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

The pace of LTE network deployment is accelerating all over the world, which enables more and more advanced services and Internet applications making use of the inherent benefits of LTE, such as higher data rate, lower latency and enhanced coverage. Widely deployed LTE-based network provides the opportunity for the vehicle industry to realize the concept of ‘connected cars’. By providing a vehicle with an access to the LTE network a vehicle can be connected to the Internet and other vehicles so that a broad range of existing or new services can be envisaged. Vehicle manufacturers and cellular network operators show strong interests in vehicle wireless communications for proximity safety services as well as commercial applications.
LTE-based V2X study is urgently desired from market requirement, and the market for V2V communication in particular is time sensitive. There are many research projects and field tests of connected vehicles  in some countries or regions, such as US/Europe/Japan/korea. In China, CCSA has finished the feasible study for vehicle safety application based on TD-LTE in 2014 and began the series of industrial standard of  communication based on LTE for vehicle application. Further, in March 2015, the frequency study of  V2X  also started in CCSA and some vehicular industrial alliances in china. Based on the study, National Regulatory Authority in China will allocate the frequency of connected vehicles.

In order to respond to this situation, RAN approved the feasibility study on LTE-based V2X services to evaluate new functionalities needed to operate LTE-based V2X (V2V, V2I/N, and V2P), and to investigate potential enhancements for vehicular services. The study was completed in RAN#72.

In the study, the RAN WGs concluded that it is feasible to support transport for V2V, V2I/N and V2P services over Uu. The RAN WGs identified solutions to improve the latency, capacity, and reliability performance of LTE Uu interface and observed that UL enhancements to the SPS protocol and DL enhancement to multicast/broadcast are beneficial from performance perspective. In addition, the RAN WGs concluded that it is feasible to support V2I and V2P servicesover PC5. It is concluded that V2P services where P-UE sends V2X messages but not receives V2X messages is substantially more power efficient than V2P services where P-UE receives V2X messages from V-UEs. The RAN WGs identified that some changes to the PC5 interface would be beneficial in terms of power consumption and UE complexity in case of P2V transmissions. RAN WGs also preliminarily discussed the  co-existence between DSRC/IEEE 802.11p and LTE PC5 for V2V. For deployment of LTE PC5 for V2V and DSRC/IEEE 802.11p in the same geographical area, RAN WGs think that the ideal option is when they use different frequency channels. Nevertheless, if they use shared frequency channels,  RAN WGs think they can still co-exist together with some standardizations and/or regulatory actions in other bodies in order to enable this.
A new work item on architecture enhancements for LTE support of V2X services was approved in SA2 in S2-163204. In this work item, architecture enhancement to support V2X services using both PC5 and Uu will be covered.
4.2
Objective
The objectives of this work are to specify enhancements to both Uu transport and PC5 transport in E-UTRAN to support LTE-based V2X (V2V, V2I/N, and V2P) based on the outcome of the related study.

The detailed objectives are as follows:

1) To specify enhancements to both SC-PTM and MBSFN transmissions for support of V2X services including:

a) DL transmission in small areas based on geographical information, with necessary coordination with SA2 (note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN3]

· Based on input from SA2/RAN3, determine whether any additional enhancement is necessary to reduce control plane latency and specify a solution (as identified in TR 36.885) if needed [RAN2]

b) Shorter modification/repetition period(s) of MCCH and SC-MCCH, and shorter MCH scheduling period(s) [RAN2, RAN3]
Note: SA2 is expected to send LS to RAN3 in case that architecture impacts exist.

2) To specify enhancements to UL and SL SPS transmissions for support of V2X services including:
a) Multiple SPS configurations [RAN2, RAN1]
b) Reporting of UE assistance information for SPS transmissions [RAN2]
3) To specify enhancements for support of V2P service:
a) Random resource selection for P-UEs potentially on the PC5 resource pool shared with V-UE transmissions, with additional study on sensing operation during a limited time for P-UEs [RAN1, RAN2]
b) Authorization for pedestrian UEs, if necessary [RAN3, RAN2 if needed]
4) To specify solution(s) facilitating long-term basis co-channel coexistence between DSRC/IEEE 802.11p and LTE PC5 for V2V operating over the same frequency channels [RAN1]
This objective starts from RAN#73 and target is to complete this by RAN#74. Solution(s) to be specified should avoid negative impact on the performance of LTE PC5.
5) To determine the need of a signaling to indicate whether Uu and/or PC5 is allowed for transport of V2V messages within network coverage, if necessary, in coordination with other working groups [RAN2]
6) To specify other enhancements to PC5/Uu for V2X on the following aspects:
a) Support of UE maximum transmission power up to 33 dBm (considering the regulatory limit on the maximum e.i.r.p.) for PC5 in 5855 MHz ~ 5925 MHz [RAN4]
b) Support of QoS depending on the outcome of SA2 work [RAN2, RAN3]
c) Support of inter-PLMN for both PC5 and Uu (Note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN2, RAN3, RAN1]
d) Congestion control for PC5-based V2X including load balancing across multiple carriers [RAN1, RAN2, RAN4]
e) Remaining enhancement to sidelink synchronization including SLSS-based synchronization and offset to shift the DFN #0 w.r.t the reference timing derived from GNSS [RAN1, RAN2, RAN4]
· A solution not agreed by RAN1#86bis/RAN2#95bis shall not be considered for standardization.
f) Simultaneous PC5 operations over multiple carriers that may or may not be adjacent [RAN4, RAN2].
g) Simultaneous Uu and PC5 operations in different carriers and configuring PC5 resources across carriers [RAN4, RAN1, RAN2]
h) Prioritization of SL TX for V2X over WAN TX under eNB management (e.g., SL gap) [RAN1, RAN2, RAN4]
· Lower priority is given to this objective. A solution not agreed by RAN1#86bis/RAN2#95bis shall not be considered for standardization.
i) Handle multiplexing V2V with other signals/channels if necessary, e.g., for the case where the bitmap for V2V subframes does not repeat an integer number of times within the DFN period [RAN1, RAN2]
· A solution not agreed by RAN1#86bis/RAN2#95bis shall not be considered for standardization.
j) Support for traffic with smaller periodicity on PC5 based V2V using shorter resource reservation period   [RAN1, RAN2]
· A solution not agreed by RAN1#86bis/RAN2#95bis shall not be considered for standardization.
7) To specify UE RF requirements including those for SL operation for licensed spectrum and for regional regulations [RAN4]

8) To specify RRM core requirement [RAN4]
This work item should take into account the functionalities that are to be specified in the related work on sidelink V2V. This work item incorporate the important aspects that were not completed in V2V WI. The objective for these aspects should be specified based on the agreements made during V2V WI.
4.3
V2X operating scenarios
4.3.1
General description

In the V2X WID, a number of scenarios are identified for possible deployment of V2X services as following.
a) V2V operation based on PC5/Uu
b) V2I operation based on PC5 (UE type RSU) /Uu (eNB type RSU)
c) V2P operation based on PC5/Uu
In V2V WI, RAN4 focus on the single carrier V2V operation. Hence V2V UE only operated in decicated ITS spectrum (Band 47) based on PC5. 

In V2X WI, RAN4 should define the multi carrier V2X operation to support various V2X operating scenarios as shown in Figure 4.3.1-1 to 4.3.1-3. 
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(a) PC5 based V2V 







(b) Uu based V2V

Figure 4.3.1-1: V2V operation
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(a) PC5 based V2I 







(b) Uu based V2I
Figure 4.3.1-2: V2I operation
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(a) PC5 based V2P 







(b) Uu based V2P
Figure 4.3.1-3: V2P operation
Multi-carrier operation for LTE-based V2X service are supported in the two scenarios as shown in Figure 4.3.1-4.
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(a) MCC operation at 5.9GHz (PC5+PC5)              (b) MCC operation at 2GHz + 5.9GHz (Uu+PC5)
Figure 4.3.1-4:  MCC operation in V2X scenarios
4.3.2
Operation aspects


Scenarios considered by RAN4 for LTE-based V2X operation (Tx/Rx of V2X message) are as follows:

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

· Case 1A: 5.9 GHz (Dedicated ITS spectrum)
· Case 1B: 2 GHz 
· (Aspect 2) eNB deployment including the possibility of network control

· PC5 based operation : 
· 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.
· Note: Related to aspect 2, it is necessary to consider the condition to apply any preconfigured radio parameters.
· Uu based operation : 
· eNB deployment and network control for radio resources are always assumed in uplink and downlink.
· (Aspect 3) Multi-carrier operation 
 
Multiple carrier operation can support a number of configurations as shown in Table 4.3.2-1 including for example: 

Table 4.3.2-1 MCC operation for LTE-based V2X service
	                    CC2
CC1
	Band 47
(PC5 V2X)
	Licensed Band X (PC5 V2X)
	Licensed Band X (Uu V2X)
e.g.) B3/B8…
	Licensed band X (WAN)
e.g) B1/B5…

	Inter-band MCC operation
	Band 47

(PC5 V2X)
	N/A
	- Band 47 + Band X
	- Band 47 +Band X
	- Band 47 + Band X

	
	Licensed band Y

(PC5 V2X)
	- Band Y + Band 47
	Not possible
	- Band Y + Band X
	- Band Y + Band X

	Intra-band
MCC operation
	Band 47

 (PC5 V2X)
	- Band 47 + Band 47
	N/A
	N/A
	N/A

	
	Licensed band X

(PC5 V2X)
	N/A
	- Band X + Band X
	Not possible
	Not possible


Based on the Table 4.3.2-1, RAN4 focus on the MCC operations as below in V2X WI due to interested operator service scenarios and use cases in SA1.

· 1st priority for MCC operation: 

· Multi carrier operation with Band 47 (PC5 V2X) and licensed bands (Uu V2X) 
· Multi carrier operation at Band 47 (PC5 V2X)
· Multi carrier operation with Band 47 (PC5 V2X) and licensed bands (WAN)
· 2nd Priority for MCC operation:
· Multi carrier operation with Band 47(PC5 V2X) and licensed bands (PC5 V2X)
· Multi carrier operation with licensed band (PC5 V2X) and licensed bands (Uu V2X)
· Multi carrier operation at licensed bands (PC5 V2X)
· (Aspect 4) Operating scenarios

Single or multiple operator deployments can support these candidate cases for LTE-based V2X service: 
· Case 4A: Single operator operation
· Case 4B: A set of PC5/Uu operation carrier(s) is shared by UEs subscribed to different operators. 
· In this case, UEs belonging to different operators transmit on the shared uplink carrier(s) while receiving on the shared downlink carrier(s).
· Case 4C: Each operator is allocated with a different carrier for both uplink and downlink. 

· In this case, a UE transmits only on the uplink carrier(s) allocated to the operator to which it belongs. The UE may receive on multiple DL carriers, i.e., UE receives on the downlink carrier allocated to the other operator as well as the downlink carrier allocated to the operator to which it belongs.

· A UE is allowed to receive downlink broadcast of other operator.
RAN4 will evaluate adjacent channel coexistence as well as analyze RF requirements in Rel-14 to support high power V2X UE with up to 33dBm. It is proposed that initially V2X operation over PC5/Uu be assumed for a single operator on a single carrier. Scenarios with multiple operators can also be considered as below according to operating scneraios. 

The candidate Case 4B is assumed in ITS spectrum and Case 4C is only considered for LTE-based V2V UE in a licensed band.
· (Aspect 5) Co-existing with Uu/PC5
· PC5 based operation : 
· 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.

· Uu based operation:
· Case 5A: There is no sidelink traffic on the Uu operation carrier.

· Case 5B: The uplink carrier is shared with sidelink.
For V2X service at 5.9GHz, the Case 5A can be assumed. Case 5B is not RAN4 scope for coexistence evaluation.
4.3.2.1
Operating bands for V2X Communication
V2X Communication is designed to operate in the operating bands defined in Table 4.3.2.1-1.

Table 4.3.2.1-1 V2X operating band

	V2X Operating Band
	E‑UTRA Operating Band
	V2X UE transmit
	V2X UE receive

	
	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high

	47
	47
	5855 MHz
	-
	5925 MHz
	5855 MHz
	-
	5925 MHz


V2X is designed to operat concurrent with E-UTRA uplink/downlink on the operating bands combinations listed in Table 4.3.2.1-2
Table 4.3.2.1-2
Inter-band V2X and E-UTRA_V2X operating bands 

	V2X Band Note 1
	E-UTRA_V2X band Note 2

	47
	3

	
	8

	
	39 

	
	41 

	NOTE 1:
As specified in Table 4.3.2.1-1.
NOTE 2:
As specified in Table 5.5-1 in [4]. 


4.3.2.2
Channel bandwidth for V2X Communication
4.3.2.2.1
Channel bandwidths per operating band for V2X Communication
The V2X Communication channel bandwidths and operating bands are shown in Table 4.3.2.2.1-1. The same (symmetrical) channel bandwidth is specified for both the TX and RX path.
Table 4.3.2.2.1-1 V2X Communciation channel bandwidth

	V2X band / V2X channel bandwidth

	V2X

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

	47
	
	
	
	Yes
	
	Yes


4.3.2.2.2
Channel bandwidths per operating band for inter-band E-UTRA and V2X operation
For inter-band E-UTRA and V2X operation, the V2X Communication channel bandwidths and operating band is specified in Table 4.3.2.2.1-1, the E-UTRA carrier operating band is specified in Table 4.3.2.1-2 and channel bandwidth is shown in Table 5.6.1-1 in [4].
5
Common issues for V2V/V2X services
5.1
Coxistence evaluation aspect
For the V2V coexistence evaluation at licensed band, RAN4 agreed the additional coexistence simulation assumption as below. To evaluate adjacent channel coexistence at licensed bands, RAN4 follow the general coexistence simulation assumptions in section 5.4 in TR36.785 v1.0.0 
5.1.1
Power control
OLPC scheme should be used for several minimum output power values can be evaluated, e.g. -10dBm, 0dBm and 10dBm.
· Rmin in the power control formula should be adjusted according to the minimum output power 
Table 5.1.1-1 Power control schemes
	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


5.1.2
UE activation rate

Basically, same simulation for UE activation rate assumption is considered as 1% activation rate for V2V UE in coexistence study.

Other activation rate can be considered optionally  with different CAM intervals
· 15km: 0.1%
· 60km:0.33%
5.2

Transmitter characteristics
5.2.1
MPR requirements
Editor Note: It will be added in future [FFS]
5.2.2
A-MPR requirements
Editor Note: It will be added in future [FFS]
5.2.3
UE-to-UE coexistences
Based on the agreed WF on handling CEN DSRC interference mitigation, RAN4 included additional coexistence requirements as below Table 5.2.3-1.
Table 5.2.3-1: Requirements

	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	…
	
	
	
	
	
	
	

	47
	E-UTRA Band 1, 3, 5, 7, 8, 22, 26, 28, 34, 39, 40, 41, 42, 44, 45, 65
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	5925
	-
	5950
	-30
	1
	38

	
	Frequency range
	5815
	-
	5855
	-30
	1
	38

	
	Frequency range
	5795
	-
	5815
	[-30]
	1
	38

	
	Frequency range
	5795
	-
	5815
	[-65]
	1
	39

	NOTE 38:
Applicable when NS_XX is configured by the pre-configured radio parameters for power class 3 V2X UE.
NOTE 39: Applicable maximum power reduction schemes when CEN DSRC tolling system is nearby V2X UE. Need further discussion how to apply the MPR schemes


One remaining issue is how to specify the additional SE regulation in TS36.101. 
· FFS mechanism for UE to meet the CEN DSRC requirement with -65dBm.
· Option 1: Use new signaling type to allow upper layer signal physical layer when it detect toll station using the mandated detection technique.
· Option 2: NS_XX (-30dBm) and NS_XY(-65dBm) are applicable
· Option 3: Other mechanism is not precluded
5.3
Receiver characteristics
5.3.1
REFSENS

Based on the agreed 3dB bossting in SA compare to PSDCH, RAN4 revised REFSENS requirements as below Table 5.3.1-1
Table 5.3.1-1: Reference sensitivity 

	Channel bandwidth

	E-UTRA 

ProSe Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	47
	
	
	
	[-90.4]
	
	[-87.5]
	TDD

	NOTE 1:
Reference measurement channel is defined in A.8.2 in TS36.101. 

NOTE 2:
The signal power is specified per port.


For the compliant with ETSI REFSENS requirements, RAN4 decided as below
· Demonstrate by analysis that LTE V2V REFSENS meets ETSI requirements for QPSK and 16-QAM
5.3.2
RX blocking

To protect operation of electronic toll collection in the frequency band 5 795 MHz to 5 815 MHz from harmful

interference, mitigation techniques have to be implemented as defined in ETSI TS 102 792. Different co-existence

modes to protect CEN DSRC and HDR DSRC are defined in ETSI TS 102 792.
5.3.2.1
Normal mode
ECC/DEC(08)01 [i.2], ECC/REC(08)01 [i.3], and ETSI EN 302 571 [i.5] regulate output power level and unwanted

emissions for ITS stations (see table 5.2). Operation limited only by these requirements is referred to as normal mode.

Table 5.3.2.1-1: RX blocking for Normal mode
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NOTE: Some ITS-G5A/B/D channels have other limits for the output power level, see ETSI EN 302 571 [i.5],

clause 6.3.
5.3.2.2
Coexistence mode

In coexistence mode additional restrictions apply. These restrictions apply to output power level, unwanted emissions

and transmit timing. The restrictions are designed to decrease the interference from ITS stations to a level which implies

no harmful performance degradation of CEN DSRC based toll stations.

An ITS station may be designed to operate in coexistence mode all the time.

Four different coexistence modes, designated A, B, C, and D are defined (see table 5.3). An ITS station shall choose

one of these modes when applicable.
Table 5.3.2.1-1: RX blocking for Coexistence mode
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For the compliant with ETSI RX blocking requirements, RAN4 decided as below
· ETSI blocking requirement of -30 dBm is FFS
6
Deployment and co-existence studies

6.1
General for high power vehicle

The purpose of this clause is to address deployment and co-existence studies for high power LTE-based V2X UE at 5.9GHz. In this V2X WI, RAN4 addresses LTE-based V2X communication services at ITS spectrum with high maximum output power up to 33dBm. Specially, RAN4 need to specify V2X UE RF requirements for high power V2X UE based on adjacent coexistence evaluation of LTE based V2X operation and DSRC/IEEE 802.11p on adjacent carrier frequencies at the 5.9GHz ITS spectrum.
6.2

Adjacent channel co-existence evaluation in ITS spectrum
6.2.1
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 DSRC/IEEE 802.11p UE at 5.9GHz operating frequencies.  
Following coexistence scenarios will be identified in Band 47.

Table 6.2.1-1: LTE-based V2X service coexistence scenarios in Band 47
	V2V operating frequency
	Deployment scenarios 

(Aggressor-to-Victim)
	Test metrics

	V2V service at 5.9GHz
	· Case 3a: V2X UE-to-DSRC UE
· Case 4a: DSRC UE-to-V2X UE
	· Case 3a: PRR2
· Case 4a: PRR2

	Note1: Compared to Case 3 and Case 4 in TR 36.785, the V2V UE in Case 3a and Case 4a has higher output power.
Note2: PRR (Packet Reception Rate) defined in TR36.885. The mapping model is shown in Annex A in TR36.785


The details of the deployment scenarios are presented in the following subclauses.
6.2.2
Simulation assumptions

6.2.2.1
General for DSRC/ITS system in 5.9GHz


Table 6.2.2.1-1: Simulation assumptions: General
	Parameter
	Value

	DSRC UE Tx power
	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
	Option1: 1 transmission every 100ms

Option2: Dependent traffic on UE velocity [R4-167937]

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

	Pathloss model for

  - DSRC UE-to-V2X UE or 

- V2X UE-to-DSRC UE
	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.

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

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

	DSRC UE ACLR model
	- ACLR=38dB

	DSRC ACS
	Three candidate ACS range level for DSRC: 

- 22/25/29dB


6.2.2.2
Detail parameters for V2X communications in ITS spectrum

Table 6.2.2.2-1: Simulation assumptions: V2X communications

	Parameter
	Value

	V2X UE max. output power
	33dBm EIRP with 6dBi antenna gain and 23dBm/MHz max PSD EIRP
14PRB: 27 dBm EIRP
20PRB: 28.5 dBm EIRP

	V2X signal bandwidth
	14 PRB (190 byte packet)

20 PRB (300 byte packet)

	V2X Traffic model
	Option1: 1 transmission every 100ms

Option2: Dependent traffic on UE velocity [R4-167937]

	
	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).

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

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

	V2X UE ACLR
	For V2X aggressors (14RBs or 20RBs):
 - Two steps model 
e.g.) 31dBc +X /43dBc +X

         37dBc +X /50dBc +X

	V2X UE ACS
	V2V UE ACS:

- 33 + X dB


6.2.3
Simulation Results

6.2.3.1
V2X Communications in ITS spectrum
Editor Note: It will be added in future [FFS]
6.3
Additional scenarios 
Editor Note: It will be added in future [FFS]
7
High power vehicle transmitter characteristics


Based on agreed WF[5], RAN4 make a consensus how to specify the new power class for high power LTE-based V2X UE as below
· Candidate solution

· Option1: Power class 2 + antenna gain (up to 6dBi)

· PROS: Easy specify to support high max. power, follow legacy Transmission RF requirements except ACLR and ACS
· CONS: Need technical support to satisfy the 26dBm maximum output power at antenna connector in ITS spectrum
· Option2 : New power class X (33dBm) + 0dBi antenna
· PROS: Support 33dBm max. power at conducted mode
· CONS: Specify to all Tx requirements for 33dBm max. output power, Need technical support to satisfy the 33dBm maximum output power at antenna connector in ITS spectrum
· Option3 : Do not preclude other solution
· Agreed WF 
· RAN4 can define power class as option1 for V2X UE to support up to 33dBm maximum power
· ACLR/ACS values will be decided by adjacent channel coexistence evaluation results
8
High power vehicle receiver characteristics

Editor Note: It will be added in future [FFS]
9
Other specification impacts (if applicable)

Editor Note: If it is applicable, then it can be added in future [FFS]
10
Performance requirements

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