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1. Introduction
This text proposal is to capture in TR 36.885 the agreement made during RAN1#83, RAN1#84, and email discussions [83-05], [83-06].

2. Text proposal
Change 1
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5.2
Uu interface

Editor notes: Including feasibility of Uu transport for V2V services.
· Companies are encouraged to study the need of potential enhancements on multicast/broadcast listed below for Uu-based V2V:

· Optimization on set of cells performing the same multicast/broadcast

· Multicast/broadcast transmission based on PDSCH/PMCH

· Companies are encouraged to study the need of potential enhancements on unicast listed below for Uu-based V2V:
· UL enhancement (e.g., SPS enhancement, SR enhancement)

6
Technical support for V2I/N

Editor notes: Including necessary enhancements for PC5/Uu transport for V2I/N services.
6.1
PC5 interface

· At least the following aspects need to be discussed for PC5-based V2I 

· Evaluation results on potential V2V performance degradation if “I” transmits in the same carrier and if V2I performance can meet requirements to conclude observation on performances

· Feasibility of reusing PC5-based V2V to V2I 

· To conclude which case needs further enhancements over PC5-based V2V

· Note that V2I includes both directions
The working assumption is that side-link physical layer design used for V2V is used for V2I if side-link is used for V2I.
6.2
Uu interface

· Companies are encouraged to study the need of potential enhancements on multicast/broadcast listed below for Uu-based V2I/N:

· Optimization on set of cells performing the same multicast/broadcast

· Multicast/broadcast transmission based on PDSCH/PMCH

· Companies are encouraged to study the need of potential enhancements on unicast listed below for Uu-based V2I/N:
· UL enhancement (e.g., SPS enhancement, SR enhancement)

The working assumption is that DL physical design used for V2V is used for I2V if DL physical design is used for I2V, and UL physical design used for V2V is used for V2I if UL physical design is used for V2I.
7
Technical support for V2P

Editor notes: Including necessary enhancements for PC5/Uu transport for V2P services.
7.1
PC5 interface

· At least the following aspects need to be discussed for PC5-based V2P

· Evaluation results on potential V2V performance degradation if “P” transmits in the same carrier and if V2P performance can meet requirements to conclude observation on performances

· Feasibility of reusing PC5-based V2V to V2P

· To conclude which case needs further enhancements over PC5-based V2V

· Power consumption for transmission or reception of “P”
· Complexity of the UE supporting transmission of “P”
· Note that V2P includes both directions
7.2
Uu interface

· Companies are encouraged to study the need of potential enhancements on multicast/broadcast listed below for Uu-based V2P:

· Optimization on set of cells performing the same multicast/broadcast

· Multicast/broadcast transmission based on PDSCH/PMCH

· Companies are encouraged to study the need of potential enhancements on unicast listed below for Uu-based V2P:
· UL enhancement (e.g., SPS enhancement, SR enhancement)
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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.
For evaluation of DL broadcast/multicast for V2V, companies should clarify the following in submitting results:
· MCS setting with the reasoning why such a setting is used

· Allowed buffering delay in eNB

· Average number of vehicles in a cell

· Amount of used resources and scheduling policy

A.1.1 Evaluation scenarios
Two vehicle UE dropping cases are defined: Urban case and Freeway case. See Section A.1.2 for the UE drop and mobility model in each case. Section A.1.2 also contains dropping model for pedestrian UEs. See Section A.1.4 for the channel model in each case.

Macro eNB may or may not be deployed in the evaluations. If deployed, the assumptions in Section A.1.3 should be used. If not, simple wrap around can be used as long as it is aligned with the evaluation assumptions in this TR. Section A.1.3 also contains RSU deployment model.
Details of evaluation scenarios are in Table A.1.1.-1.
Table A.1.1-1: Details of evaluation scenarios
	Parameter
	Assumption

	Carrier frequency
	- PC5 based V2V: 6 GHz
, 2 GHz
- V2I: 6GHz (Baseline) for UE type RSU, 2GHz for eNB type RSU

	Bandwidth
	- PC5 based V2V: 10 MHz
- V2I: 10MHz for UE type RSU, 10MHz for each of DL and UL in FDD; 20MHz in TDD for eNB type RSU
- V2P: 10 MHz is baseline.

	Number of carriers
	One carrier is baseline. Other numbers can be evaluated based on inter-carrier interference model from the existing UE-UE link ACIR [28] dB according to [5] for the adjacent channel case.

	Synchronization
	Time and frequency error should be considered in system and link level simulations. Companies should explain the assumed error model and the method to achieve the error range. Until RAN4 provides an answer, RAN1 will assume at least the case where frequency error (i.e., error in the oscillator) is in the range of +- 0.1 PPM.

	Vehicle UE, UE type RSU, Pedestrian UE parameters
	In-band emission
	In-band emission model in Section A.2.1.5 in [4] is reused with {W, X, Y, Z} = {3, 6, 3, 3} for single cluster SC-FDMA.

	
	Antenna height
	1.5 m for vehicle UE and pedestrian UE, 5 m for UE type RSU

	
	Antenna pattern
	Omni 2D

	
	Antenna gain
	3 dBi for vehicle UE and UE type RSU, 0 dBi for pedestrian UE

	
	Maximum transmit power
	23 dBm

	
	Number of antennas 
	1 TX and 2 RX antennas. Baseline is that 2 RX antennas are separated by wavelength/2.

	
	Noise figure
	9 dB


For the evaluation of V2I, the following assumptions are used. The evaluation statistics according to performance metric are provided for V2I and I2V respectively.
· UE type RSU
· Evaluation scenario with following bullets
· Baseline: Urban only

· Optional: Freeway

· Baseline: V2I and I2V transmission shares the same carrier
· Not preclude they are using separate/multiple carriers

· PC5 based V2V is included in V2I (UE type) simulation to reflect realistic UE density

· i.e. The difference from PC5 V2V evaluation will be additional receivers (“I”) receiving the same traffic as PC5 V2V  evaluation from vehicle; and additional transmitters (“I”)

· When PC5 is considered co-channel with uplink

· Half duplex constraint is respected

· When considering separate carrier for PC5 from uplink

· Companies to indicate whether half duplex constraint is respected between PC5 and uplink

· When PC5 V2V is considered at separate carrier from V2I

· Companies to indicate whether half duplex constraint is respected between PC5 V2V and V2I
· Evaluation results are provided for both I2V and V2I

· eNB type RSU
· Evaluation scenario with following bullets
· Baseline: Urban only

· Optional: Freeway
· Uu interface

· Baseline: Macro eNB in urban case
· Baseline: Simulation  of V2I (eNB type) simulation is separated from PC5 based V2V (main scenario to evaluate: Uu and PC5 co-channel) 

· When PC5 is considered co-channel with uplink

· Half duplex constraint is respected

· Companies provide details about scheme for half duplex constraint, e.g. the subset of subframes used for Uu

· When considering separate carrier for PC5 from uplink

· Companies to indicate whether half duplex constraint is respected between PC5 and uplink

· Considering WAN traffic on the same carrier of V2I
· UL and DL simulations can be separated

· Evaluation results are provided at least for both V2I and I2V

For the evaluation of V2P, the following assumptions are used.

· Companies should explain how to combine V2P (i.e., vehicle UE transmission and pedestrian UE reception), P2V (i.e., pedestrian UE transmission and vehicle UE reception), V2V and assume half duplex constrain in the evaluation

· Separate statistics for P2V, V2P, V2V

A.1.2 UE drop and mobility model
Vehicle UEs are dropped on the roads according to spatial Poisson process. The vehicle density is determined by the assumption on the vehicle speed, and the vehicle location should be updated every 100 ms in the simulation. 

In Urban case, a vehicle changes its direction at the intersection as follows:
· Go straight with probability 0.5
· Turn left with probability 0.25
· Turn right with probability 0.25
Details of vehicle UE drop and mobility model for each of Urban and Freeway cases are in Table A.1.2-1. Figures A.1.2-1 and A.1.2-2 illustrate the road configuration of the two cases.
Table A.1.2-1: Details of vehicle UE drop and mobility model
	Parameter
	Urban case
	Freeway case

	Number of lanes
	2 in each direction (4 lanes in total in each street)
	3 in each direction (6 lanes in total in the freeway)

	Lane width
	3.5 m
	4 m

	Road grid size by the distance between intersections
	433 m * 250 m. Note that 3 m is reserved for sidewalk per direction (i.e., no vehicle or building in this reserved space)
	N/A

	Simulation area size
	Minimum [1299 m * 750 m]
	Freeway length >= 2000 m. Wrap around should be applied to the simulation area.

	Vehicle density
	Average inter-vehicle distance in the same lane is 2.5 sec * absolute vehicle speed. Baseline: The same density/speed in all the lanes in one simulation.

	Absolute vehicle speed
	15 km/h, 60 km/h
	140 km/h, 70 km/h
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Figure A.1.2-1: Road configuration for Urban case
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Figure A.1.2-2: Road configuration for Freeway case
Details of pedestrian UE drop and mobility model are as follows:
· Urban case only
· Pedestrian UE dropping using equally spaced along the sidewalk with a fixed inter-pedestrian X m dropped 
· Total number of pedestrian UEs is 500

· Pedestrian UE is in the middle of the sidewalk

· The inter-pedestrian UE distance (m) (i.e., X) is calculated by ‘A/500’, where ‘A’ is the total length of sidewalk where the pedestrian UEs are dropped under the assumption of ‘N’ road grids (i.e., ‘{(250m – 17m) + (433m – 17m)} * 2 * N’). For example, if the pedestrian UEs are dropped in ‘14’ road grids, the inter-pedestrian UE distance (m) is ‘36.344’.

· Companies should explain how many road grids (i.e., ‘N”) are assumed in the evaluation.
· Pedestrian UE speed is 3 km/h
A.1.3 eNB and RSU deployment
If macro eNBs are deployed for Urban case, ISD of macro eNB is 500 m and the wrap around model in Figure A.1.3-1 is used.

If macro eNBs are deployed for Freeway case,

· Option 1 (baseline): eNBs are located along the freeway 35m away with 1732m ISD in Figure A.1.3-2.

· Option 2 (optional): Wrap around method of 19*3 hexagonal cells with 500m ISD in Figure A.1.3-3.

[image: image3.emf]
Figure A.1.3-1: Wrap around model for Urban case
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[image: image4]
Figure A.1.3-2: Wrap around model option 1 (baseline) for Freeway case
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Figure A.1.3-3: Wrap around model option 2 (optional) for Freeway case
[Editor’s note: Assumptions on other RSU deployments (if any) will be captured here.]
FFS on how to handle mobility and handover related issue
Details of RSU drop model for each of Urban and Freeway cases are as follows:
· UE type RSU
· Urban: at the center of intersection
· Freeway: uniform allocation with 100m spacing in the middle of the freeway

· eNB type RSU
· Dropping: the same as eNB dropping in PC5 V2V evaluation 
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 
Assumptions for channel model between a UE and a RSU are as follows:

· UE type RSU
· Reuse that for UE-UE in PC5 based V2V evaluation with antenna height at RSU changed to 5m
· eNB type RSU
· Reuse that for eNB-UE in PC5 V2V evaluation 
For I2I channel model between two UE type RSUs, the V2V channel model with antenna heights equal to 5 m is used.
Assumptions for channel model between a pedestrian UE and a vehicle UE are as follows:
· Reuse the vehicle-to-vehicle pathloss, fading, and shadowing models with the following modifications:

· Pedestrian UE speed is 3 km/h 
· Location update is not modelled for pedestrian UE
· Antenna height and gain of pedestrian UE are 1.5m, 0 dBi respectively
Assumptions for channel model between a pedestrian UE and eNode B are the same as agreed V2N channel model.
A.1.5 Traffic model
· Traffic model for V2V
There are two traffic models used in evaluation: Periodic traffic case and Event-triggered traffic case. Periodic traffic case is mandatory. Event-triggered traffic case can be evaluated optionally with or without Periodic traffic.
Every vehicle in the simulation generates messages according to the traffic model.
For Periodic traffic, message generation periods are defined in the following 5 distinctive scenarios in Table A.1.5-1.
Table A. 1.5-1:  Message generation period for Periodic traffic
	Index
	Vehicle dropping scenarios
	Absolute vehicle speed (km/h)
	Message generation period (ms)

	1
	Freeway
	140
	100

	2
	Freeway
	70
	100

	3
	Urban
	60
	100

	4
	Urban
	15
	100

	5
	Urban
	15
	500


For Periodic traffic, working assumption of message size is that one 300-byte message followed by four 190-byte messages, and the time instance of 300-byte size message generation is randomized among vehicles. Note that it is allowed not to consider message size in calculating the performance metric.
For Event-triggered traffic, event arrival follows Poisson process with the arrival rate X (up to company choice) per second for each vehicle. Once event triggered, 6 messages are generated with space of 100ms. Working assumption of message size for Event-trigger traffic at L1 is 800bytes.
· Traffic model for V2I
Details of traffic model for V2I are as follows:

· V2I/I2V traffic model 1: Message generation frequency is the same as that of V2V. Latency requirement is 100 ms.

· V2I/I2V traffic mode 2: Message generation frequency is 1 or 0.1 Hz. Latency requirement is > 100 ms (e.g., 1000 ms).

· I2V traffic is generated per intersection for urban case
· For the freeway case, I2V message generation points are “uniformly located with 100m spacing in the middle of the freeway .” 
· The location of I2V message generation point is the same as that of UE type RSU.

· The message size is the same as that of V2V traffic model for V2I/I2V traffic model 1, and is fixed to 300 Bytes for V2I/I2V traffic model 2.

· V2V message generation does not change from the existing model.
· For model 1, a single message is generated at a vehicle both for V2V and V2I (i.e, no change in the traffic load).

· For model 2, V2I message is additionally generated on top of the V2V message.

· For communication range,

· Half of that of V2V for I2V traffic model 1.

· For I2V traffic model 2, company should provide the value of communication range assumed in the evaluation.  

· The communication range of I2V traffic model 2 should be larger than that of I2V traffic model 1.

· Traffic model for V2P
Details of traffic model for V2P are as follows:

· Traffic model for vehicle UE’s transmission in case of V2P
· The existing traffic model of V2V is reused.

· Traffic model for pedestrian UE’s transmission in case of P2V
· The message size is fixed at 300 Bytes and transmission frequency is 1 Hz.
· For V2P,

· ‘100ms’ latency requirement (i.e., Same as that defined in V2V)

· For P2V,

· Baseline: ‘100ms’ latency requirement 

· When another value of latency requirement larger than 100ms (e.g., 1000ms) is assumed in the evaluation, companies should explain it. 

· Traffic model for xxx [Editor notes: placeholder of traffic model for V2I/N, V2P in case they are different from that for V2V ]
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.
For evaluation of proposed schemes for V2I, the performance metric is the same as that for V2V except for target communication range.
For evaluation of proposed schemes for V2P, the following metric(s) shall be considered.

· For pedestrian UE in case of V2P,
· The power consumption model defined in [4] is used as an additional performance metric to evaluate the power consumption caused by the reception of pedestrian UE. 

· To evaluate the reception ratio of Vehicle UE’s transmission packet, the existing performance metric of V2V (i.e., PRR) is reused with the following modifications. 

· PRR is calculated under the assumption that Vehicle UE’s packet transmitted during the time when pedestrian UE sleeps is regarded as the failure of reception.

· Target range for CDF of PRR and average PRR is the half of that defined in V2V.

· FFS on whether/how to investigate the impact of bursty reception failure caused by sleep of pedestrian UE over consecutive subframes.

· For vehicle UE and pedestrian UE in case of P2V

· To evaluate the reception ratio of pedestrian UE’s transmission packet, the existing performance metric of V2V (i.e., PRR) is reused with the following modifications. 

· Target range for CDF of PRR and average PRR is the half of that defined in V2V.

· The power consumption model defined in [4] is used as an additional performance metric to evaluate the power consumption caused by the transmission of pedestrian UE. 
A.2 Link level simulation assumptions

For fast fading model in PC5-based V2V, channel model in Section A.2.1.2.1.2 in [4] is used.
Message sizes used in link level simulation for V2V are:

· Baseline: 190, 300, 800 bytes

· Other numbers are not precluded

Assumptions for evaluation of DM RS location is as follows:

· Transmissions in a single TTI (i.e., no HARQ retransmission). It is encouraged to evaluate both SA and data. 

· Baseline: QPSK with coding rate of 0.5

· Optional: QPSK with coding rate of 0.7, 16QAM with coding rate 0.5 (only for data)

· Frequency error: Baseline is to evaluate both {Case 1+Case B} and {Case 2+Case A}. Other cases can be considered, e.g., based on RAN4 feedback.

· Case 1: The extreme case should be assumed, i.e., +0.1 PPM for TX and -0.1 PPM for RX w.r.t. UE’s sync reference. 

· Performance in Case 1 is to check whether the system can work in the extreme case.

· Case 2: Frequency error in each UE is uniformly distributed [-0.1, 0.1] PPM w.r.t. UE’s sync reference.

· Frequency error between sync references of TX and RX:

· Case A: 0 error (i.e., the same reference)

· Case B: The extreme case should be assumed, i.e., +0.05 PPM for TX’s reference and -0.05 PPM for RX’s reference w.r.t. the absolute frequency.

· Companies should describe the receiver algorithm of the evaluated options.
----------------------------------------------------------------<TEXT END>--------------------------------------------------------------
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� Note that the system should work for all the bands up to 6 GHz, including 5.9 GHz. This study is not intended to make any implication for the study on channel above 6 GHz.


� The intention is to capture the sparse and medium cases in [6].


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





