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1. Introduction
The TSG RAN#71 meeting on next generation access outlined some tasks related to deployment scenarios and KPI values in the requirements TR (RP-160689) to be discussed over email until TSG RAN#72 (This email discussion is referred to as “[RAN#71-03] Open issues on scenarios & KPIs” by the RAN Chairman). The goal of this email discussion is to “Resolve square brackets for deployment scenarios & KPIs sections in the TR”. 
To facilitate this email discussion, the open issues to be resolved are split to the following parts which are numbered from 1 to 10. 
・<Part 1 (Deployment scenarios: 6.0 & 6.1 Intro)>

・<Part 2  (Deployment scenarios: 6.1.5 High speed)>

・<Part 3 (Deployment scenarios: 6.1.6, 6.1.7 Extreme long range)>

・<Part 4 (Deployment scenarios: 6.1.8 Coverage for massive connection)>

・<Part 5 (Deployment scenarios: 6.1.9, 6.1.10 V2X)>

・<Part 6 (KPI values: 7.9 Reliability)>

・<Part 7 (KPI values: 7.10, 7.10.1 Coverage)>

・<Part 8 (KPI values: 7.11 UE battery life)>

・<Part 9 (KPI values: 7.13, 7.16 Spectrum efficiency)>

・<Part 10 (KPI values: 9.2 Positioning)>
The email discussion is conducted in two phases:
・1st Phase: March 28th –May 2nd (EOD, CET) to solicit and collect initial company inputs on open issues related to scenarios and KPIs (highlighted in yellow in attached TR)
In the 1st Phase, 10 tables were used to collect/capture the comments and proposals from different companies. Each table corresponded to one single part listed above. Companies were invited to provide their views on each discussion part using the corresponding table highlighted in green. Each of these tables was completed by companies by indicating their company name, whether they have comments on the current text in the TR and provide proposals for modifications or updates if any. 
・2nd Phase: May 10th– May 30th (EOD, CET) to consolidate the contents of the TR on open issues related to scenarios and KPIs
In the 2nd Phase, based on the 1st Phase companies output, a way forward was proposed by the convenor of the email discussion and discussed for further refinements. 
The following summarizes the text proposal, along with the company inputs and the proposed way forward corresponding to <Part 5 (Deployment scenarios: 6.1.9, 6.1.10 V2X)>
2. Text Proposal 
------------------------------------------------------- BEGIN TEXT PROPOSAL ------------------------------------------------------
Table 6.1.9-1: Attributes of Highway
	Attributes
	Values or assumptions

	Carrier Frequency NOTE1
	Macro only: Below 6 GHz (around 6 GHz)

Macro + RSUs NOTE2: 

1) For BS to RSU: Below 6 GHz (around 6 GHz) NOTE3
2) RSU to vehicles or among vehicles: below 6 GHz

	Aggregated system bandwidth NOTE4
	Up to 200MHz (DL+UL)
Up to 100MHz (SL)

	Layout
	Option 1: Macro only
Option 2: Macro + RSUs NOTE2

	ISD
	Macro cell: ISD = 1732m, 500m (optional)
Inter-RSU distance = 100m

	BS antenna elements
	Tx: Up to 256 Tx
Rx: Up to 256 Rx

	UE antenna elements
	RSU Tx: Up to 8 Tx
RSU Rx: Up to 8 Rx

Vehicle Tx: Up to 8 Tx

Vehicle Rx: Up to 8 Rx

	User distribution and UE speed
NOTE5
	100% in vehicles

Average inter-vehicle distance (between two vehicles’ center) in the same lane is 0.5sec or 1sec * average vehicle speed  (average speed: 100-300km/h)

	Traffic model
NOTE5
	50 messages  per 1 second with absolute average speed of 100-250 km/h (relative speed: 200 – 500km/h)


NOTE1:
The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range.  A range of bands from 66 GHz – 86 GHz identified for WRC-19 are currently being considered and around 70 GHz is chosen as a proxy for this range.
NOTE2:
SA1 defines RSU as a logical entity that combines V2X application logic with the functionality of an eNB (referred to as eNB-type RSU) or UE (referred to as UE-type RSU). Therefore a RSU can communicate with vehicles via D2D link or cellular DL/UL

NOTE3:
This frequency may or may not be evaluated depending on communication type between eNB and RSU.

NOTE4:
The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.

NOTE5:
The traffic models and UE distributions and speeds are tentative and could be modified after SA1 input.
Illustrative diagram of freeway mode is as follows:
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Figure 6.1.9-1: Road configuration for highway scenario
6.1.10
Urban Grid for Connected Car

The urban macro deployment scenario focuses on scenario of highly densely deployed vehicles placed in urban area. It could cover a scenario where freeways lead through an urban grid. The main KPI evaluated under this scenario are reliability/availability/latency in high network load and high UE density scenarios. 

Some of its attributes are listed in Table 6.1.10-1.
[Editor’s notes: It is TBD whether eMBB requirements for eV2X would be evaluated under this scenario or another scenario. Examples of eMBB requirements for eV2X are video streaming and video calls]

Table 6.1.10-1: Attributes of urban grid for connected car

	Attributes
	Values or assumptions

	Carrier Frequency NOTE1
	Macro only: Below 6 GHz (around 6 GHz)
Macro + RSUs NOTE2: 

1) For BS to RSU: Below 6 GHz (around 6 GHz) NOTE3

2) RSU to vehicles or among vehicles/pedestrians: below 6 GHz

	Aggregated system bandwidth NOTE4
	Up to 200MHz (DL+UL)
Up to 100MHz (SL)

	Layout
	Option 1: Macro only
Option 2: Macro + RSUs NOTE2

	ISD
	Macro cell: ISD = 500m 
RSU at each intersection for Option 2

	BS antenna elements
	Tx: Up to 256 Tx
Rx: Up to 256 Rx

	UE antenna elements
	RSU Tx: Up to 8 Tx
RSU Rx: Up to 8 Rx

Vehicle Tx: Up to 8 Tx

Vehicle Rx: Up to 8 Rx
Pedestrian/bicycle Tx: Up to 8 Tx
Pedestrian/bicycle Rx: Up to 8 Rx

	User distribution and UE speed NOTE5 NOTE6
	Urban grid model (car lanes and pedestrian/bicycle sidewalks are placed around a road block. 2 lanes in each direction, 4 lanes in total, 1 sidewalk, one block size: 433m x 250m)
Average inter-vehicle distance (between two vehicles’ center) in the same lane is 1sec * average vehicle speed  (average speed 15 – 120km/h)
Pedestrian/bicycle dropping: average distance between UEs is 20m

	Traffic model
NOTE5
	50 messages per 1 second with 60km/h, 10 messages per 1 second with 15km/h


NOTE1:
The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range.  A range of bands from 66 GHz – 86 GHz identified for WRC-19 are currently being considered and around 70 GHz is chosen as a proxy for this range
NOTE2:
SA1 defines RSU as a logical entity that combines V2X application logic with the functionality of an eNB (referred to as eNB-type RSU) or UE (referred to as UE-type RSU). Therefore a RSU can communicate with vehicles via D2D link or cellular DL/UL
NOTE3:
This frequency may or may not be evaluated depending on communication type between eNB and RSU.

NOTE4:
The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.

NOTE5:
The traffic models and UE distributions and speeds are tentative and could be modified after SA1 input.

Illustrative diagram of urban grid model with UE distribution is as follows:
Table 6.1.10-2: 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. NOTE1 
	N/A

	Simulation area size
	Minimum 1299 m * 750 m NOTE2
	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, 120 km/h
	250 km/h, 140 km/h, 70 km/h
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Figure 6.1.10-1: Road configuration for urban grid

NOTE1: 3 m is reserved for sidewalk per direction (i.e., no vehicle or building in this reserved space).
NOTE2: This value is tentative and could be modified after SA1 input.

------------------------------------------------------- END TEXT PROPOSAL ---------------------------------------------------------
3. Company Inputs and Proposed Way Forward
 eq \o\ac(□,5)<Part 5 (Deployment scenarios: 6.1.9, 6.1.10 V2X)>
	Company
	Comments/Proposals

	Ericsson
	Probably good to let RAN1 review this.

	Vodafone
	A bit unclear why we say 300km/h and then 250km/h in the following row. 

Does this mean we need to optimize for 600km/h relative speed? It seems that Formula 1 cars do not get much above 300km/h, and pretty sure they don’t tend to drive directly at each other at such speeds.

Message periodicity and latency should probably be clarified further, as they combine for “awareness”.

Where do 50 messages per second for “awareness” (I assume) come from in a freeway case? For LTE this is only needed for collision avoidance at an intersection.

	Nokia
	Wait for the RAN1 email review and further discussions in May RAN1#85.

Note, eNB is an LTE base station and should not be used

Note: Is eV2X an established acronym, or should we in this TR talk of “V2X services” in general?

	DOCOMO
	Need to clarify the use case.  May need to wait for the outcome of SA1 eV2X to define the use cases.
In table 6.1.10-2, only vehicle UE is described. Pedestrian UE is also needed. The traffic model would change depending whether the UE is vehicle or pedestrian.

	KT
	Aggregated system BW: 40MHz
LTE based V2X service TR 22.885 (CPR-011) describes 10 messages per 1 second for all V2X entity. 5G should allow maximum 50 messages per 1 second for both highway and urban grid

	DT
	The use case is highways and there is no speed limit on the German Autobahns. And highways are not usually designed with the tight corners and chicanes that provide the excitement in Grand Prix race circuits! With modern sports cars high speeds of up to 300 km/h can be reached. And it is at these high speeds that one is most in need of safety information and the road conditions ahead. We should retain the 300 km/h value, 

The relative speed value needs further consideration as vehicles are typically separated onto different carriageways.

	Huawei
	OK to let RAN1 further review and could wait for SA1 input.

	Samsung
	OK to let RAN1 review this

	CMCC
	Some detailed values need RAN1 discussion.

	MediaTek
	Some details can be up to RAN1 discussion.

	LG
	Parameters can be further reviewed by RAN1, and also determined based on SA1 progress. A couple of suggested parameters are as follows

· Aggregated system bandwidth: 100 MHz for UL/sidelink, 200 Mhz for DL + UL (considering potential use cases requiring high data rate such as 35 Mbps per each vehicle for map downloading, etc)

· For UE distribution and traffic model, further details can be revised according to SA1 progress. For RAN1 evaluation, we consider that the values captured in [] can be starting points. Based on SA1 progress and RAN1 discussion, parameters can be reviewed.  
· For the number of antennas, we are fine to leave it up to RAN1 discussion

· For inter-RSU distance in highway scenario, similar to LTE V2X, we propose 100 meter instead of 30 meter. 

For UE drop and mobility mode, we are fine to leave the decision of simulation area to RAN1

	SK Telecom
	The maximum steering frequency realized by car is 10Hz. Considering oversampling factor of 10 based on experience, overall update cycle would be around 10ms. 100 messages per 1 second with 120km/h. 


 eq \o\ac(□,5)<Part 5 (Deployment scenarios: 6.1.9, 6.1.10 V2X)>
	Proposed Way forward
	- Wait for the RAN1 email outcome and further discussions in May RAN1#85 and let RAN1 review this
- Wait for SA1 input to define the use cases
The way forward was updated based on the input from Nokia, according to the outcome of RAN1#85.
6.1.9
Highway Scenario

The highway deployment scenario focuses on scenario of vehicles placed in highways with high speeds. The main KPIs evaluated under this scenario would be reliability/availability under high speeds/mobility (and thus frequent handover operations).
Some of its attributes are listed in Table 6.1.9-1.
[Editor’s notes: It is TBD whether eMBB requirements for eV2X would be evaluated under this scenario or another scenario. Examples of eMBB requirements for eV2X are video streaming and video calls]

[Editor’s notes: This scenario can be further updated to reflect practical highway scenarios.]
Table 6.1.9-1: Attributes of Highway
Attributes

Values or assumptions

Carrier Frequency NOTE1
Macro only: Below 6 GHz (around 6 GHz)

Macro + RSUs NOTE2: 

1) For BS to RSU: Below 6 GHz (around 6 GHz) NOTE3
2) RSU to vehicles or among vehicles: below 6 GHz
Aggregated system bandwidth NOTE4
[TBD] MHz (DL+UL) 
Up to 200MHz (DL+UL)

Up to 100MHz (SL)
Layout

Option 1: Macro only

Option 2: Macro + RSUs NOTE2
ISD

Macro cell: ISD = 1732m, 500m (optional)
Inter-RSU distance = [100m] 100m NOTE5
BS antenna elements

Tx: Up to [32 Tx] 256 Tx
Rx: Up to [32 Rx] 256 Rx
UE antenna elements

RSU Tx: Up to [32 Tx] 8 Tx
RSU Rx: Up to [32 Rx] 8 Rx
Vehicle Tx: Up to [8 Tx] 8 Tx
Vehicle Rx: Up to [8 Rx] 8 Rx
User distribution and UE speed
NOTE5
100% in vehicles

Average inter-vehicle distance (between two vehicles’ center) in the same lane is [0.5 sec or 1sec * average vehicle speed]  (average speed: [100-300km/h])
Traffic model
NOTE5
[50 messages  per 1 second with absolute average speed of [100-250 km/h] (relative speed: 200 – 500km/h)

NOTE1:
The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range.  A range of bands from 66 GHz – 86 GHz identified for WRC-19 are currently being considered and around 70 GHz is chosen as a proxy for this range.
NOTE2:
SA1 defines RSU as a logical entity that combines V2X application logic with the functionality of an eNB (referred to as eNB-type RSU) or UE (referred to as UE-type RSU). Therefore a RSU can communicate with vehicles via D2D link or cellular DL/UL

NOTE3:
This frequency may or may not be evaluated depending on communication type between eNB and RSU.

NOTE4:
The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.

NOTE5:
If above 6 GHz is considered for communication between RSU and vehicles, inter-RSU distance can be [30 meter]. The traffic models and UE distributions and speeds are tentative and could be modified after SA1 input.
Illustrative diagram of freeway mode is as follows: (from [6])
[image: image3.emf]Lane width: 4m

≥2km


Figure 6.1.9-1: Road configuration for highway scenario
6.1.10
Urban Grid for Connected Car

The urban macro deployment scenario focuses on scenario of highly densely deployed vehicles placed in urban area. It could cover a scenario where freeways lead through an urban grid. The main KPI evaluated under this scenario are reliability/availability/latency in high network load and high UE density scenarios. 

Some of its attributes are listed in Table 6.1.10-1.
[Editor’s notes: It is TBD whether eMBB requirements for eV2X would be evaluated under this scenario or another scenario. Examples of eMBB requirements for eV2X are video streaming and video calls]
Table 6.1.10-1: Attributes of urban grid for connected car

Attributes

Values or assumptions

Carrier Frequency NOTE1

Macro only: Below 6 GHz (around 6 GHz)
Macro + RSUs NOTE2: 

1) For BS to RSU: Below 6 GHz (around 6 GHz) NOTE3

2) RSU to vehicles or among vehicles/pedestrians: below 6 GHz

Aggregated system bandwidth NOTE4

[TBD]MHz (DL+UL)
Up to 200 MHz (DL+UL)
Up to 100 MHz (SL)
Layout

Option 1: Macro only
Option 2: Macro + RSUs NOTE2
ISD

Macro cell: ISD = 500m 
RSU at each intersection for Option 2

BS antenna elements

Tx: Up to [32 Tx] 256 Tx
Rx: Up to [32 Tx] 256 Rx

UE antenna elements

RSU Tx: Up to [32 Tx] 8 Tx

RSU Rx: Up to [32 Rx] 8 Rx
Vehicle Tx: Up to [8 Tx] 8 Tx

Vehicle Rx: Up to [8 Rx] 8 Rx
Pedestrian/bicycle Tx: Up to  [8 Tx] 8 Tx
Pedestrian/bicycle Rx: Up to  [8 Tx] 8 Rx
User distribution and UE speed NOTE5
Urban grid model (car lanes and pedestrian/bicycle sidewalks are placed around a road block. [2 lanes] in each direction, [4 lanes] in total, [1 sidewalk], one block size: [433m x 250m])
Average inter-vehicle distance (between two vehicles’ center) in the same lane is  [1sec * average vehicle speed]  (average speed  [15 – 120km/h])
Pedestrian/bicycle dropping: average distance between UEs is  [20meters]
Traffic model NOTE5
[TBD] messages per 1 second with [120km/h], [50 messages] per 1 second with  [60km/h], [10 messages] per 1 second with  [15km/h]
NOTE1:
The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range.  A range of bands from 66 GHz – 86 GHz identified for WRC-19 are currently being considered and around 70 GHz is chosen as a proxy for this range
NOTE2:
SA1 defines RSU as a logical entity that combines V2X application logic with the functionality of an eNB (referred to as eNB-type RSU) or UE (referred to as UE-type RSU). Therefore a RSU can communicate with vehicles via D2D link or cellular DL/UL
NOTE3:
This frequency may or may not be evaluated depending on communication type between eNB and RSU.

NOTE4:
The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.

NOTE5:
More detail information can be found in [6]. The traffic models and UE distributions and speeds are tentative and could be modified after SA1 input.
Illustrative diagram of urban grid model with UE distribution is as follows: are the follows: (from [6]).
Table 6.1.10-2: 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. NOTE1 

N/A

Simulation area size
Minimum [1299 m * 750 m] NOTE2
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, 120 km/h

250 km/h, 140 km/h, 70 km/h
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Figure 6.1.10-1: Road configuration for urban grid

NOTE1: 3 m is reserved for sidewalk per direction (i.e., no vehicle or building in this reserved space).
NOTE2: This value is tentative and could be modified after SA1 input.


