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1. Introduction
This text proposal is to capture in TR 36.885 the agreements made during RAN1#82bis.

2. Text proposal
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5
Technical support for V2V

5.1
PC5 interface

Editor notes: Including necessary enhancements for PC5 transport for V2V services.

5.1.1
Resource allocation
It is observed that Rel-13 sidelink resource allocation is not sufficient for some of the scenarios for PC5-based V2V. Enhancements to Rel-13 sidelink resource allocation are necessary for PC5-based V2V
5.1.1.1
Resource pool
The resource allocation principles listed below should be studied for PC5-based V2V (note that other schemes are not precluded):
· Resource pool

· The concept of resource pool is introduced at least for the purpose of study.

· Resource pool is a set of time/frequency resources where PC5 transmission may occur. Note that Rel-12 D2D communication mode 1 uses all the time/frequency resources as data pool. 

· FFS whether Rel-12 resource pool configuration is reused for PC5-based V2V.

· FFS the number of resource pools configured for a UE

· The need for defining multiple resource pools should be justified.

· FFS whether the number of SA pools can be different from the number of data pools and, if can, FFS whether multiple SA pools can be associated with the same data pool.

· Scheduling assignment

· Each data transmission is scheduled by an SA.

· FFS whether SA and Data are not transmitted on separate physical channels:

· In case of separate channels, study whether SA pool and data pool are orthogonal or can overlap.

· FFS whether SA and data from a single transmitter can be transmitted in the same subframe

· Study the number of transmissions of a given TB
· Study the number of transmissions of a given SA

· FFS whether a single SA may schedule multiple TBs

· FFS whether the time/frequency resources of a given SA is independent of the time/frequency resources of the associated data

5.1.1.2
Resource control/selection mechanism
The resource allocation principles listed below should be studied for PC5-based V2V (note that other schemes are not precluded):
· Network control aspect

· At least when a UE is inside coverage of an eNB on the carrier where PC5 is performed (i.e., Uu and PC5 share the carrier), the eNB controls at least some parameters that affects UE resource selection.

· When a UE operates PC5 in a carrier where no cell is detected but it is inside coverage of an eNB in another carrier (i.e., different carriers for Uu and PC5), network may control at least some parameters that affects UE resource selection.

· At least when the PC5 and Uu carriers are allocated to the same operator, RAN1 assumes that eNB has at least some controls. FFS for the other cases. 

· UE autonomous resource selection can be configured for a UE inside network coverage.

· eNB control above includes

· Exact resources for transmission or set of resources for UE autonomous selection

· FFS: other parameters
· Enhancement to resource selection/structure

· Study which of the following principle(s) is(are) beneficial:

· Collision avoidance

· A UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission.

· FFS

· Details of the identification of the occupied and/or collided resources, e.g., by reading other UEs’ SA and/or sensing the energy level

· How to select the resources and MCS for transmission

· Whether a UE performs the resource selection procedure for every transmission, and if not, what triggers reselection

· FFS if the initial selection and reselection procedures are the same or not

· Whether signaling from eNB (e.g., information on the resource load) or another UE is beneficial. 

· Whether resource in this context is in the physical domain or the logical domain

· Resource selection based on transmitter-specific information

· Example 1: Resource allocation based on the location, velocity, and/or direction of the transmitter and/or distance between vehicles.

· Example 2: A UE reports its observation on the radio environment to help eNB scheduling

· Enhanced resource randomization

· Example is increasing the number of time resource patterns.

· Introducing a finer time resource granularity and/or a coarser frequency resource granularity 

· Semi-persistent scheduling from eNB for PC5 transmissions

· Cross-carrier scheduling

· eNB sends control via a carrier to schedule sidelink resource in another carrier not associated with the carrier used for the control transmission.

· FFS in which scenario(s) this principle is beneficial

· Differentiation of radio transmission characteristics based at least on higher layer properties

· FFS which other aspect(s) will also differentiate radio transmission characteristics

· FFS radio transmission characteristics

· Transmission power control and/or setting

· Use different transmission power e.g., depending on scenario

· This includes the possibility of using zero power (i.e., muting)

· Resource allocation robust to temporal interruption due to, e.g., handover, RLF, cell reselection

5.1.2
Handling high Doppler case
It is observed that DMRS needs to be enhanced for PC5-based V2V.
Baseline: SC-FDM is used for V2V transmission in each physical channel
Enhancement at least includes:
· Increase DMRS density to reduce time interval between DMRS sequences

· Enhance DMRS structure to increase frequency offset compensation range

Study at least the following DMRS structure:

· Reuse PUSCH DMRS

· Other options are not precluded, i.e., 

· PUSCH DMRS with Comb (similar as structure of SRS)

· New DMRS patterns spread over time and frequency, that may be frequency multiplexed with DFT-precoded data at least in some symbols

· Increased subcarrier spacing

· All options should solve any complexity and standardization impact including analysis of frequency synchronization accuracy
5.1.3
Synchronization
GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE
 directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.

eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V

Priority of GNSS or GNSS-equivalent for other cases needs further study

Priority of other synchronization source needs further study

· Scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage need to be studied

· RAN1 will not optimize only for this scenario

· This scenario needs to be supported from the synchronization perspective

RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent

· Asynchronous network case should be supported.

Perspectives for further study:

· eNB assistant information, e.g.

· Timing offset to UTC

· TA or eNB location

· others
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Annex A:
Evaluation methodology
For PC5-based V2V, tradeoff between system and link level performance can be studied. Assumption on the target link budget in link level is as follows:
· 150 m in NLOS Urban case

· 320 m in Freeway case

A.1 System level simulation assumptions

For PC5-based V2V, the following general assumptions apply:

· Each vehicle UE’s reception is subject to the half duplex constraint.
--------------------------------------------------<TEXT END>------------------------------------------------------------
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A.1.4 Channel model

Assumptions for channel between two vehicle UEs are in Table A.1.4-1.

Table A.1.4-1: Assumptions for vehicle-to-vehicle channel
	Parameter
	Urban case
	Freeway case

	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.
	LOS in WINNER+ B1 (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.

	Shadowing distribution
	Log-normal
	Log-normal

	Shadowing standard deviation
	3 dB for LOS and 4 dB for NLOS
	3 dB

	Decorrelation distance
	10 m
	25 m

	Fast fading
	NLOS in Section A.2.1.2.1.1 or A.2.1.2.1.2 in [4] with fixed large scale parameters during the simulation.


Vehicle-to-vehicle channels are updated during the simulation as follows:

· Let N be the number of vehicle UE in system simulation 

· Initialization (at time 0)

· N vehicle locations are generated per agreed drop model

· PL (0) – NxN matrix generated as per vehicle locations and agreed channel models

· Shadowing (in log domain): S(0) – NxN i.i.d. (with the exception that shadowing between two vehicles should be the same in the two directions) normal matrix generated as per agreed shadowing model

· Fading (0) – NxN i.i.d. processes with a common distribution

· Update (at time 100*n ms)

· Vehicle locations are updated as per agreed update rules

· PL(n) – N x N matrix generated as per updated vehicle locations

· S(n) = exp(-D/D_corr) .* S(n-1) +sqrt{ (1-exp(-2*D/D_corr))}.*N_S(n)

· where N_S(n) is an NxN  i.i.d. (with the exception that shadowing between two vehicles should be the same in the two directions) normal matrix generated  as per the agreed shadowing model

· D is the update distance matrix where D(i,j) is change in distance of link i to j from time n-1 to time n

· Fading process is not impacted due to vehicle location updates – fading is only updated due to time
· UE performance should reflect fast fading variation within the subframe 

Assumptions for channel between a UE and a macro eNB in the cell layout in Figures A.1.3-1, A.1.3-2, and A.1.3-3 are in Table A.1.4-2. For Urban case and option 2 of Freeway case, assumptions not in Table A.1.4-2 are the same as the assumptions of 3GPP case 1 in A.2.1.1.1 in [7]. For option 1 of Freeway case, assumptions not in Table A.1.4-2 are the same as the assumptions of 3GPP case 3 in A.2.1.1.1 in [7].
Table A.1.4-2: Assumptions for channel between UE and macro eNB
	Parameter
	Assumption

	Pathloss model
	128.1 + 37.6log10(R), R in kilometers 

	Penetration loss
	0 dB

	Shadowing distribution
	Log-normal

	Shadowing standard deviation
	8 dB

	Decorrelation distance
	50 m

	Fast fading
	3GPP Spatial Channel Model (SCM) NLOS in [7] with fixed large scale parameters during the simulation.


Shadowing is updated as follows:
· Let M be the number of eNB sites 

· Initialization (at time 0) 

· Shadowing: SeNB2UE,i(0) =R*Ni (0)
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· R is a MxM matrix to generate shadowing correlation between eNB sites. 

· A Shadowing correlation factor of 0.5 for the shadowing between eNB sites and of 1.0 between sectors of the same eNB site are used 

· SeNB2UE,i(0): Mx1 shadowing values between the ith UE and eNB 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 A.1.2.
· 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 eNB site from time n-1 to time n. Note that Di is a diagonal matrix. 

· D_corr = 50m 
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A.1.6 Performance metric

For evaluation of proposed schemes for V2V, the following metric(s) shall be considered.

· Packet Reception Ratio (PRR) :
· For one Tx packet, the PRR is calculated by X/Y, where Y is the number of UE/vehicles that located in the range (a, b) from the TX, and X is the number of UE/vehicles with successful reception among Y. CDF of PRR and the following average PRR are used in evaluation
· CDF of PRR with a = 0, b = baseline of 320 meters for freeway and 150 meters for urban. Optionally, b = 50 meters for urban with 15 km/h vehicle speed
.
· Average PRR, calculated as (X1+X2+X3….+Xn)/(Y1+Y2+Y3…+Yn) where n denotes the number of generated messages in simulation. with a = i*20 meters, b = (i+1)*20 meters for i=0, 1, …, 25

· FFS Packet Inter-Reception (PIR): time elapsed between two successive successful receptions of two different packets transmitted from node A to node B
Companies should explain the amount of time and frequency resources used for simulation.
--------------------------------------------------<TEXT END>------------------------------------------------------------
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� “Vehicle” UE in this clause indicates UE in PC5 V2V. This terminology is only used for discussion convenience.


� This optional value shall not be used to justify the fulfilment of SA1 requirements. It shall only apply to system-level evaluations.
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