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1 Introduction

The NR V2X evaluation methodologies were discussed by 4 email discussions [8][9][10][11]. Consensus was reached on some simulation assumptions and was captured in [10][11]. Then, the following agreements were made in last RAN1 meeting [13]. 

Agreements:

· The outcome of this study is used as a baseline for evaluating technical solutions and can be modified later as necessary

Agreements:

· For below 6 GHz, the following parameters in TR 38.802 are confirmed. 
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Carrier frequency 
	Macro to/from vehicle/pedestrian UE : 4 GHz 

Between vehicle/pedestrian UE: 6 GHz

BS-type-RSU to/from vehicle/pedestrian UE : 4 GHz 

UE-type-RSU to/from vehicle/pedestrian UE: 6 GHz 

Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink
	Macro to/from vehicle/pedestrian UE : 2 GHz or 4GHz
Between vehicle/pedestrian UE: 6 GHz
BS-type-RSU to/from vehicle/pedestrian UE : 4 GHz
UE-type-RSU to/from vehicle/pedestrian UE: 6 GHz
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink

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

Up to 100 MHz (SL) 
	Up to 200 MHz (DL+UL)

Up to 100 MHz (SL) 

	Simulation bandwidth
	20 or 40 MHz (DL+UL) 

FFS: SL 
	20 or 40 MHz (DL+UL)

FFS: SL

	BS Tx power 
	Macro BS: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm 
BS-type-RSU: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBm for RSU is not precluded
	Macro BS: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
BS-type-RSU: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm

Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBm for RSU is not precluded

	UE Tx power 
	Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBm is not precluded 
	Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBm is not precluded 

	BS receiver noise figure
	Below 6GHz: 5dB
	Below 6GHz: 5dB

	UE receiver noise figure
	Below 6GHz: 9 dB


Note: Macro-BS parameters may also be used for BS-type RSU

Note: Aggregated sidelink bandwidth of 100 MHz at 6GHz is not available in the current frequency allocations for ITS and its future availability is subject to the progress in the potential additional ITS spectrum allocation.   

Agreements:

· For above 6 GHz, the following parameters in TR 38.802 for “BS/UE receiver noise figure” are confirmed. 

	Parameters
	Urban grid for eV2X
	Highway for eV2X

	BS receiver noise figure
	Above 6GHz: 7dB


	Above 6GHz: 7dB

	UE receiver noise figure
	Above 6GHz: 13dB (baseline), 10dB (optional)


Agreements:

· The carrier frequency for above 6 GHz is as follows: 

· 30 GHz 

· Macro BS (i.e., ISD = 500m) to/from vehicle/pedestrian UE

· BS-type-RSU to/from vehicle/pedestrian UE 

· 63 GHz 

· Between vehicle/pedestrian UE

· UE-type-RSU to/from vehicle/pedestrian UE

Agreements:

· For both below and above 6 GHz, “road configuration for urban grid and highway in TR 38.913” is confirmed.

Agreements:

· The following parameters (originally from TR 38.802) are used for “BS deployment” for below 6 GHz. 

	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Layout
	Option 1: Macro only (with the road configuration in Figure 6.1.9-1 in [2])

Note: Out of coverage can be evaluated assuming eNB to be disabled.
	Option 1: Macro only (straight line eNB placement with Road configuration in [3])

Note: Out of coverage can be evaluated assuming eNB to be disabled.

	Inter-BS distance
	Inter Macro: 500m
	Inter Macro: 1732m, 500m (optional) 

	RSU
	FFS
	FFS


Agreements:

· At least, the following model for message size is supported.

· At least one option with zero variation is supported and at least one option with non-zero variation is supported.

· FFS details (e.g., how to implement randomness in message size, not precluding the possibility of defining multiple options)

Agreements:

· At least for the broadcast-type use cases, “PRR” is included as a performance metric and “Alt. 1” (in [85-15] and RAN1#86) is confirmed. 

· Note that further discussion is needed on the other aspects discussed in Issue #37 of [90-30].

Agreements:

· Additional metric for persistent collision is introduced at least for the use cases requiring a reliability higher than that of LTE V2X.

Agreements:

· For V2V link, the following is a baseline for mobility of vehicle. 

· Update for the location of vehicle (e.g. as in Rel-14)

· FFS details (e.g., how to reflect the update for the location of vehicle in the channel model)

Agreements:

· The simulation assumptions for “vehicle positioning” reuse those for ”message delivery in Section 2.1 of R1-1717293”.

Agreements:

· At least “absolute and relative UE positioning error in meter” is included as a performance metric for positioning error/accuracy.

In this contribution, we provide our views on remaining issues for scenario, UE dropping, RSU deployment, traffic model, performance metric and positioning related parameters. The discussion on channel model and antenna model for NR V2X is provided in a companion contribution [12].
2 Evaluation scenarios

There are 25 use cases defined in [4] and different use cases normally have different requirements. In real V2X area, it is possible that different vehicles are running different services, hence mixing use cases. Certain simplifications are needed to avoid too much simulation efforts. At the beginning, it seems enough to run simulation assuming single use case. Then the interaction of multiple use cases could be evaluated. In fact, it is not practical that all vehicles in an area are doing high reliability high data rate services, otherwise the area is congested. Therefore we prefer to model an interested use case plus certain background traffic. A simple UE dropping and traffic model can be assumed for background traffic and not all perform metrics are needed for background traffic. 

Proposal 1:

· NR V2X should evaluate a scenario with an interested use case plus certain background traffic. 
For below 6GHz, the frequency for NR V2X is same as Rel-14 V2X, so RAN1 can use the “Rel-14 assumption in [3]” as a starting point modeling ‘IBE’. However, for above 6GHz, inputs from RAN4 are needed. For below 6GHz, the frequency for NR V2X is same as Rel-14 V2X, so RAN1 can use the “Rel-14 assumption in [3]” as a starting point modeling “synchronization (i.e., time and frequency error). However, for above 6GHz, inputs from RAN4 are needed. 
3 UE drop and mobility modeling

Due to big efforts in evaluations, it is general OK to prioritize certain use cases. There could be several possibilities how to select a use case for evaluation. The selected use case could the most important one so that its performance verification is quite useful. Or, the selected use case could be the most typical one whose performance results can provide useful reference for other use cases too. 

For the four use case groups, i.e. platooning, extended sensor, advanced driving and remote driving, the proper model for UE dropping can be different. For extended sensor and advanced driving, we think the following parameters in [1] can be confirmed or both below and above 6 GHz, since its principle for the modeling is common to Rel-14. For platooning, multiple vehicles can form a group moving in same direction with same speed and short distance. It is straightforward more parameters on UE dropping for platooning are needed. 
Table 1: Parameters on UE distribution
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	UE distribution
	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) in [2]

Average inter-vehicle distance (between two vehicles’ center) in the same lane is 1sec * average vehicle speed (average speed 15 – 120km/h) in [2]

Vehicle UE location update in [3] should be used for the evaluation of PRR in sidelink or communication interruption in uplink/downlink. Vehicle UE location update may not be assumed for the evaluation of PRR in uplink/downlink

Note: Inter-vehicle distance is tentative. After SA1 input, it can be modified.

Pedestrian UE distribution: Inter-pedestrian distance 20m, which is tentative. After SA1 input, it can be modified.
	Average inter-vehicle distance (between two vehicles’ center) in the same lane is 0.5 sec or 1sec * average vehicle speed (average speed: 100-300 km/h) in [2]

Vehicle UE location update in [3] should be used for the evaluation of PRR in sidelink or communication interruption in uplink/downlink. Vehicle UE location update may not be assumed for the evaluation of PRR in uplink/downlink

Note: Inter-vehicle distance is tentative. 

* After SA1 input, only one value will be selected.


In a V2X area, there could be one or several platoons of vehicle with other individual vehicles. The UE dropping covered in issue #13 fit well an individual vehicle, however is not applicable to an individual vehicle within a platoon. Therefore some dedicated parameters for a platoon is needed. We think at least the following parameters seem necessary for a platoon,
· number of vehicles 
· inter-vehicle distance, 
· velocity of vehicles

· Proportion of vehicles participating platooning 

Proposal 2:

· Table 1 is agreed for UE distribution for both below and above 6 GHz. 
· Platooning specific UE dropping is supported. 
4 BS and RSU deployment

It is already agreed with BS deployment, while remaining issue is to regarding RSU deployment parameters. In Rel-14 V2X, it assume a BS-type RSU is located as the same location as gNB. However, it is questionable if such deployment can provide enough coverage especially considering the low transmission power of BS-type RSU. For above 6 GHz, the coverage becomes more problematic due to worse propagation conditions. Therefore, higher density of BS-type RSU is required. 

Proposal 3:

· Denser BS-type RSU deployment is used in NR V2X. 
5 Traffic model
From last meeting agreement, model of message size for a traffic model was agreed. It is still open for the packet generation. In Rel-14 V2X, it is assumed that the traffic generation is periodic or almost periodic. However, the advanced use cases are quite diverse and its traffic generation exploits more random factors. Four options from non-official email discussion after RAN1#92 meeting can be considered, 

· Option 1: Strictly periodic
This is exactly the model adopted in LTE V2X evaluation. Such a model is needed to investigate the performance gain of NR V2X over LTE V2X for certain use cases those are supportable by both NR V2X and LTE V2X. 
· Option 2: Periodic with (bounded) jitter
So far there is no detail on how to model the jitter and it is questionable whether a jitter can match the real-time traffic generation in NR V2X. 
· Option 3: Generation with a random time elapsing after the previous generation
Not sure on the model of random time. If it is negative exponential distribution, Option 3 becomes Option 4. If it is to model the distribution after the transmission of a first packet, it is ftp model 2. 
· Option 4: Poisson process (single or multiple messages)
Poisson process is commonly used to model the traffic incoming. This is ftp model 1 and was extensively used in 3GPP evaluations. After a packet is generated by this model, there could be multiple ways for the packet transmission. The whole packet may be treated as single segment and transmitted (but it is possible to have one initial transmission and zero or more retransmission). Depending on packet size, if it cannot be transmitted as single TB, segmentation is needed. Assuming a packet is divided into S segments, the S segments could be transmitted periodically or non-periodic. Since such modeling impact the evaluation, it should be clarified. 
Proposal 4:

· Strictly periodic traffic generation is supported

· Traffic generation modeled as Poisson process is supported. FFS how to handle further segmentation of a generated packet.
6 Performance metric

In Rel-14 V2X resource selection, a UE may semi-persistently use a reserved resource for 5-15 period, the number of period for occupation is 2 or 5 times for 50ms or 20ms reservation interval. In a bad case, if two UE collide in a resource/subframe, the collision will last until one UE does resource reselection. All the packet transmission before resource reselection is then impacted. There is no specific way in LTE to quantize the above impact. According the agreements from last meeting, an additional metric for persistent collision is introduced at least for the use cases requiring reliability higher than that of LTE V2X. Several options are proposed in email discussions.
Options for an additional metric related to persistent collision

· Option 3-8-2a: PIR (Packet Inter-Reception) which was discussed during Rel-14 [3]

· Option 3-8-2b: Packet elapsed time (PET) 

· PET is defined as time interval between the timestamp of the last successfully received packet (ti) transmitted from UE A to UE B and the current timestamp (i * tperiod) at UE B, where i = 0, 1, 2,..., and tperiod = X ms (e.g., X is determined based on the minimum message interval).

· Option 3-8-2c: Information age (IA)

· IA is defined as time interval between the timestamp corresponding to the data contained in the last successfully received packet (ti) transmitted from UE A to UE B and the current timestamp (i * tperiod) at UE B, where i = 0, 1, 2,..., and tperiod = X ms (e.g., X is determined based on the minimum message interval).

· Option 3-8-2d: n-consecutive packet loss (n-CPL)

· For a particular n and a particular Tx-Rx UE link i, the event of n consecutive packets losses is defined as n consecutive packet reception failures, with the packet preceding the first lost packet and the packet following the last lost packet being correctly received. Then, the number of such event occurred on link i is denoted by 
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 is defined as the number of packets received correctly on link i.

Comparing the above 4 options, 3-8-2d seems the most straightforward. While for all options 3-8-2a/b/c, they are impacted by varying traffic periodicities. Assuming multiple traffic periodicities was evaluated, which is the normal case of V2X traffic, it is unclear how to correctly interpret the performance metric. 
Proposal 5:

· n-consecutive packet loss (n-CPL) is defined as the metric to reflect persistent collisions.
7 Additional assumptions to evaluate vehicle positioning

In last RAN1 meeting, it is agreed as metric of absolute positioning error and relative positioning error. One remaining issue is how to reflect the impact of latency of positioning. Since vehicles are moving fast, so positioning for a vehicle must be done in short time, otherwise, the calculated position may become outdated. The latency is then related to the periodicity of positioning reference signals and processing time. One-shot positioning should be supported. With one-shot positioning, latency is on average about half of period of positioning reference signal. It is questionable whether additional metric for latency is still needed. 
Proposal 6:

· One-shot positioning should be supported and FFS additional metric on latency is needed. 
8 Conclusions
In this contribution, we provide our views on remaining issues for scenario, UE dropping, RSU deployment, traffic model, performance metric and positioning related parameters. Considering the many use cases of NR V2X and limited time for study item, it is in general preferred to prioritize certain evaluations and reduce the effort on evaluations. We make the following proposals. 
Proposal 1:

· NR V2X should evaluate a scenario with an interested use case plus certain background traffic. 
Proposal 2:

· Table 1 is agreed for UE distribution for both below and above 6 GHz. 
· Platooning specific UE dropping is supported. 
Proposal 3:

· Denser BS-type RSU deployment is used in NR V2X. 
Proposal 4:

· Strictly periodic traffic generation is supported

· Traffic generation modeled as Poisson process is supported. FFS how to handle further segmentation of a generated packet.
Proposal 5:

· n-consecutive packet loss (n-CPL) is defined as the metric to reflect persistent collisions.
Proposal 6:

· One-shot positioning should be supported and FFS additional metric on latency is needed. 
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