[bookmark: _GoBack][bookmark: _Ref452454252]3GPP TSG RAN WG1 Meeting #92	R1-1801478
Athens, Greece, February 26th – March 2nd, 2018

Title:	NR eV2X Evaluation Methodology further considerations
Source:	ZTE, Sanechips
Agenda item:		7.5.1
Document for:		Discussion and Decision
1Introduction
During the RAN #76 plenary meeting, it is agreed to study evaluation methodology of new use cases for LTE and NR. Two objectives were put forward [1]:
1. Complete the evaluation methodology in TR38.913 and TR38.802 to compare the performance of different technical options for the new 5G V2X use cases including the following aspects [RAN1, starting email discussion after RAN#76]:
· Evaluation scenarios including performance metric, vehicle dropping, traffic model
· Sidelink channel model for spectrum above 6 GHz
2. Identify the regulatory requirements and design considerations of potential operation of direct communications between vehicles in spectrum allocated to ITS beyond 6GHzin different regions, considering at least 63-64GHz (allocated for ITS in Europe) and 76-81GHz depending on regulatory decision [RAN, starting email discussion after RAN#76].
After that a list a eV2X evaluation methodology issues such as evaluation scenarios, UE drop and mobility modeling, BS and RSU deployment, channel model, antenna model, traffic model and performance metric were presented in emails [89-28], [90-30] and [90b-NR-02] [2][3][4], consensus on some topics has been achieved during the email discussions, and there are several issues still need further discussions. In this contribution we provide some further discussions and proposals on the traffic model, RSU deployment, location updating, UE dropping and performance metric for new 5G V2X use cases.
2 Discussion
2.1 Traffic model
Traffic model has been discussed in email discussion [90b-NR-02] [4] as follows:
3-4) In Issue #33 and Issue #34 of [90-30], most companies seem to agree that it is necessary to define a traffic model where the time interval between two messages generated in a given UE is not fixed but random during the simulation runtime. The following options are listed based on the input received so far, and companies are requested to comment on them, not precluding the possibility of defining multiple options.
· Option 3-4a: When a message is generated at time t in a UE, the next message is generated at time t+X where X is a random variable.
· Option 3-4b: At a given time, message generation starts with a probability P in a UE which is not generating messages.
· In this option, further detail is needed on the message generation after its start. This includes when the message generation finishes in a UE and how the message generation interval is defined after the generation start.
· Option 3-4c: Messages are periodically generated and the message generation interval is fixed like the Rel-14 periodic traffic.
· Option 3-4d: ?
3-5) In addition to the question 3-4, there were also inputs from companies about the message size with randomness. Companies are requested to comment on the following options, not precluding the possibility of defining multiple options.
· Option 3-5a: Message size is determined according to the predefined pattern (e.g. as in Rel-14).
· Option 3-5b: Message size is randomly determined in each message generation.
Option 3-5c: Message size is fixed.
Considering that more advanced traffic is required in the new 5G V2X use cases such as: Platooning, Advanced Driving, Extended Sensors and Remote Driving, we think the traffic models should be different from that of Rel-14 V2X.
We can draw a conclusion to some typical use cases from the SA requirement [5]:
Table 1: Typical traffic characteristic in SA requirement
	
	Traffic period
	Message size

	
	periodic
	Non-periodic
	constant
	variable

	Vehicle platooning
	periodic
	constant

	Automotive: Sensor and state map sharing
	periodic
	constant

	Collective Perception of Environment (CPE)
	periodic or event driven
	variable

	Information sharing for high/full automated driving
	periodic or event driven
	variable



[bookmark: _Hlk506294813]Observation1: According to the requirements for the new 5G V2X use cases, periodic and event driven traffic models still need to be supported.
Observation2: Variable message size needs to be supported in some use cases. The message size is of type A+n*X. The parameter “A” represent coarse driving intention which is fixed as 100byte or 500bytes, and the parameter “X” represent the perceived objects (60 byte/object), and the parameter “n” represent the number of the perceived objects.
Proposal 1: Both periodic and event-triggered traffic models need to be supported.
Proposal 2: Both the Rel-14 like message size and variable message size need to be supported.
2.2 RSU deployment
In an earlier email discussion [3], an issue about RSU deployment for above 6 GHz had not reached a consensus. The topic is show below:
Issue #18) For above 6 GHz, is it necessary to consider “higher RSU density”?
In Rel-14 V2X scenario, the RSU deployment is as below [6]:
-	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
For below 6 GHz, the signal transmission characteristic of NR V2X is similar to that of Rel-14 V2X, so the RSU deployment can be reused.
For above 6 GHz, in some new 5G use cases such as information exchange within platoon, information sharing for partial/ conditional automated driving, information sharing for high/full automated driving, information sharing for partial/ conditional automated platooning, and information sharing for high/full automated platooning need to communicate with RSU. However, due to the poor transmission characteristic of high frequency signal higher density of RSU deployment is necessary.
In the freeway scenario, the obstruction cannot be so serious as that of the urban scenario. And the inter distance of RSU is 100m in the freeway scenario, which is much shorter than that in the urban scenario. So, higher RSU density is only needed in the urban scenario.
For gNB type RSU, higher RSU density seem needless for the signal is transmitted in the Uu link which can be supported well in NR gNB.
[bookmark: OLE_LINK1]Observation 3：Higher UE type RSU density is needed in the urban scenario for above 6 GHz.
In urban scenario, the higher density UE type RSU deployment can be seen in Figure 1 as an example.


Figure 1: RSU deployment in urban scenario
As shown in Figure 1, UE type RSUs are evenly spaced in the middle of the road.
Proposal 3：For above 6 GHz:
· UE type RSU:
· Higher density RSU deployment is needed in the urban scenario for above 6 GHz and the deployment scenario is given in Figure 1.
· gNB type RSU:
         RSU deployment is the same as gNB dropping.
2.3 Location updating
In email discussion the topic related to location updating is as below [4]:
3-9) In relation to Issue #15 of [90-30], please provide your view on the following options for mobility of vehicle, not precluding the possibility of defining multiple options each of which can be used for different cases.
· Option 3-9a: No update for the location of vehicle during the simulation runtime
· Option 3-9b: Update for the location of vehicle (e.g. as in Rel-14)
· Please provide your detailed view on how to reflect the update for the location of vehicle in the channel model. (e.g., only large-scale parameters without changing the small-scale fading process is updated in Rel-14).

Location updating is related to the evaluation scenario, channel evaluation accuracy, and computation complexity. In V2X evaluation, considering the movement of the UE, the location needs to be updated. On the one hand, in order to avoid inaccuracy, the update period cannot be too large, on the other hand, in order to avoid computation complexity, the update period cannot be too small. In Rel-14 V2X [6], decorrelation distance of shadow fading (SF) in freeway is 25m and in urban is 10m. Considering the speed up to 250km/h, the location updating period is set to 100ms. Nevertheless, movement during the updating period is at most 6.94m, which is not exceeding the decorrelation distance.
Besides, for above 6 GHz, the influence of blockage need to be considered, which can impact the small-scale fading procedure, in which the corresponding analysis can be seen in another contribution [7]. So, the small-scale fading process also needs to be updated. As the starting point, the parameters in Table 7.5-6 [8] can be used as a reference to set the small-scale level fading updating period as shown below in Table 2.
Table 2: Correlation distance for UMi-Street Canyon and UMa
	Scenarios
	UMi - Street Canyon
	UMa

	
	LOS
	NLOS
	O2I
	LOS
	NLOS
	O2I

	[bookmark: OLE_LINK2]Correlation distance in the horizontal plane [m]
	DS
	7
	10
	10
	30
	40
	10

	
	ASD
	8
	10
	11
	18
	50
	11

	
	ASA
	8
	9
	17
	15
	50
	17

	
	SF
	10
	13
	7
	37
	50
	7

	
	
	15
	N/A
	N/A
	12
	N/A
	N/A

	
	ZSA
	12
	10
	25
	15
	50
	25

	
	ZSD
	12
	10
	25
	15
	50
	25



From Table 2 we can see that the minimum correlation distance is 7m, which is opportunely larger than 6.94m assuming that the speed is up to 250km/h and the updating period is set as 100ms. 
Observation 4: Both large-scale parameters and the small-scale fading process is updated, where the updating period of 100ms can meet the requirements if the speed assumes up to 250km/h.
From the analysis above, 100ms updating period is proper for large-scale parameters, but is a little tight for the small-scale fading process. So, for the small-scale fading process updating period, a value smaller than 100ms, such as 50ms, can also be considered.
Moreover, Spatial and temporal consistency need to be considered for both updating the large-scale parameters and the small-scale fading process.
Proposal 4: Updating period of the large-scale parameters is 100ms and updating period of the small-scale fading process is 100ms or 50ms.
Proposal 5: Spatial and temporal consistency need to be considered for updating both the large-scale parameters and the small-scale fading process.

2.4 UE dropping
In TR38.913, the UE distribution is described as below for freeway and urban scenarios [9] as such:
For Freeway：
	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)



For Urban：
	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 20m



From the definition we can see that the values are unreasonable in some cases. For example, in the freeway scenario the minimum inter-vehicle distance is 100/3.6*0.5=13.9m, in the urban scenario the minimum inter-vehicle distance is 15/3.6*1=4.17m. The inter-vehicle distance is shorter than a car or truck in the realistic world. Furthermore, we should redefine the inter-vehicle distance. In the SA requirement [2], two kinds of inter-vehicle distance are mentioned:
· non-short inter-vehicle distance (e.g. >2sec * vehicle speed)
· short inter-vehicle distance (e.g. <2sec * vehicle speed) 
Observations 5: Two kinds of inter-vehicle distance are required for 5G eV2X use cases.
For new 5G use cases, shorter inter-vehicle distance such as “The gap distance translated to time can equivalently be as low as 0.3s or even shorter which at 80km/h leads to almost 6.7m distance between the vehicles” [5]. So, for UE distribution in the eV2X simulation we need to add the vehicle length “L”. The Value of length “L” can be 5m, 10m or 20m, according to the vehicle length in the evaluation, respectively.
Proposal 6: Two kinds of inter-vehicle distance can be defined:
· For non-short inter-vehicle distance case, average inter-vehicle distance is (2.5sec * vehicle speed+L)
· For short inter-vehicle distance, average inter-vehicle distance is (0.5sec * vehicle speed+L)
   	 Where, the length “L” can be 5m, 10m, or 20m according to the vehicle length in the evaluation.
2.5 Performance metric
The topic related to performance metric is as below [4]:
· Q3-8-2. If your answer for Q3-8-1 is yes, please provide your view on the following options discussed in [90-30].
· 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 . The total number of n consecutive packets losses across all the links is defined as . Then the CDF/PDF of n-CPL is generated based on , n = 0, 1, 2,…, max_n. Note that for n=0,  is defined as the number of packets received correctly on link i.
Option 3-8-2e: ?
Based on our analysis, we think PIR, PET, and IA need more definition or specification work and all three metrics are related to the message period. Moreover, we cannot directly see the situation when consecutive packet reception failures occur because n-CPL is transparent to the message transmission period and can avoid the situation.
[bookmark: OLE_LINK10]Proposal 7：n-CPL metric is preferred to reflect persistent collision.
3 Conclusion
This contribution focused on traffic model, RSU deployment, location updating, UE dropping and performance metric for new 5G V2X use cases in former email discussions. and the observations and proposals are:
Observation 1: According to the requirement for the new 5G V2X use cases, periodic and event driven traffic models still need to be supported.
Observation 2: Variable message size need to be supported in some use cases. The message size is of type A+n*X. The parameter “A” represent coarse driving intention which is fixed as 100byte or 500bytes, the parameter “X” represent the perceived objects (60 byte/object), and the parameter “n” represent the number of the perceived objects.
Proposal 1：Both periodic and event-triggered traffic model need to be supported.
Proposal 2: Both the Rel-14 like message size and variable message size need to be supported.
Observation 3：Higher UE type RSU density is needed in the urban scenario for above 6 GHz.
Proposal 3：For above 6 GHz:
· UE type RSU:
· Higher density RSU deployment is needed in urban scenario for above 6 GHz and the deployment scenario is given in Figure 1.
· gNB type RSU:
· RSU deployment is the same as gNB dropping.
Observation 4: Both large-scale parameters and the small-scale fading process is updated, where the updating period of 100ms can meet the requirements if the speed assumes up to 250km/h.
Proposal 4: Updating period of the large-scale parameters is 100ms and updating period of the small-scale fading process is 100ms or 50ms.
Proposal 5: Spatial and temporal consistency need to be considered for both the large-scale parameters and updating the small-scale fading process.
Observation 5: Two kinds of inter-vehicle distance are required for 5G eV2X use cases.
Proposal 6: Two kinds of inter-vehicle distance can be defined:
· For non-short inter-vehicle distance case, average inter-vehicle distance is (2.5sec * vehicle speed+L)
· For short inter-vehicle distance, average inter-vehicle distance is (0.5sec * vehicle speed+L)
Note: Where, the length “L” can be 5m, 10m, or 20m according to the vehicle length in the evaluation.
Proposal 7：n-CPL metric is preferred to reflect persistent collision.
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