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RAN plenary #75 approved a study item [1] for studying evaluation methodology to support new V2X use cases for LTE and NR as identified in SA1 TR 22.886. The detailed objectives of this study item are:
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]:
a) Evaluation scenarios including performance metric, vehicle dropping, traffic model
b) 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 6GHz in 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]
In the wake of the above mentioned objectives, the following progress has been made:
· RAN had email discussion on the regulatory aspect for ITS operation in frequency band above 6 GHz. A summary was submitted in RP-172041 and its conclusion which contains the proposed text for TR 37.885 was endorsed. 
· RAN1 had several rounds of email discussions to collect companies’ views on V2X evaluation methodology. Summary of the email discussions were submitted in R1-1715092, R1-1717293 and R1-1721545. An LS (R1-1719239) was sent to external organizations to ask input relevant to this study.
· In RAN1#92, a long offline discussion on evaluation methodology took place. The document in [5] captures the points of consensus as well as multiple open issues. Most of the consensus points were later formalized in agreements [6].
· In RAN1#92bis, further agreements were made which are summarized in chairman’s notes [11].
In this contribution, we discuss the remaining issues on simulation scenarios and related assumptions as well as performance metrics. Our views on the remaining issues of channel models and antenna models are presented in the companion contribution [12]. 
Simulation scenarios
There are some minor details that need to be agreed regarding ‘UE drop and mobility modeling’. We summarize our proposals in Table 1.
Complete the evalution assumptions on ‘UE drop and mobility modeling’ with Table 1.
[bookmark: _Ref513456235]Table 1. Proposals for outstanding aspects of ‘UE drop and mobility modeling’.
	Outstanding issue
	Proposal

	FFS how to drop different vehicle types
	Remove FFS. The agreed dropping rules are sufficient.

	FFS for x sec.
	X is set to 2.5 s, as for LTE [9]. This is reasonably aligned with usual traffic regulations [8].

	Highway scenario, Option A: 	
Vehicle speed is [140 and/or 70] km/h in all the lanes.
	Confirm the values in brackets

	Highway scenario, Option B:
Vehicle type distribution: [20]% vehicle type 1, [60]% vehicle type 2, [20]% vehicle type 3.
	Confirm the values in brackets

	Highway scenario, Option C:
Clustered dropping is used. Each cluster consists of [6] Type 3 vehicles with a gap of [2] meters.
· FFS how to drop multiple clusters
Vehicle speed is [140] km/h in all the lanes.
	Confirm the number of vehicles and the speed.
Inter-vehicle distances is set to average speed * x seconds, where x = 1.5 s.
If multiple clusters are used, they are dropped independently. At most one cluster per lane is dropped.

	Urban scenario, Option A
Vehicle speed is [60 and/or 15] km/h in all the lanes.
	Confirm the values in brackets.

	Urban scenario, Option B
Vehicle type distribution: [20]% vehicle type 1, [60]% vehicle type 2, [20]% vehicles type 3.
	Confirm the values in brackets.

	Urban scenario, Option B
FFS how to handle the vehicle dropping and direction change at the intersection.
FFS whether to consider a reduced layout (e.g., covering a single intersection)
	Vehicle dropping follows the agreed rules.
No change of direction at the intersection is necessary given that blocking situations are already well modelled by independent vehicle movement.
No need to introduce additional scenarios

	UE location is updated every [100] m
	Confirm the values in brackets.


There are currently multiple dropping models. For the sake of simplicity, we propose to establish a baseline for each of the two scenarios.
Option A is used as baseline dropping model for highway and urban grid scenarios.
Frequency bands
In the agreed evaluation assumptions so far, the simulation bandwidth for sidelink (below 6 GHz) is still FFS for both ‘urban grid’ and ‘highway’ scenarios:
	Simulation bandwidth
	20 or 40 MHz (DL+UL) 
FFS: SL 
	20 or 40 MHz (DL+UL)
FFS: SL


Almost all regulations divide the ITS spectrum below 6 GHz in 10 MHz channels. Moreover, it is unlikely that many of these channels will be available for NR V2X. It seems reasonable to align the simulation assumptions with this consideration. We note that this is only a simulation parameter and that, in our view, the specification should support different channel widths as well as the possibility of aggregating multiple channels (e.g., using carrier aggregation). This may be particularly interesting for licensed bands.
The simulation bandwidth for sidelink at 5.9 GHz is 10 MHz.
· Note: RAT design may consider other channel bandwidths and the possibility of using multiple channels (e.g., using carrier aggregation).
For above 6GHz, we should strive to align NR Uu assumptions with those considered for MBB evaluations in NR WI. For NR SL assumptions, there is still not very clear view on potential frequency bands for V2X use cases except 63GHz. However, we believe that 63GHz could be very challenging for V2X scenarios.
[bookmark: _Ref513533608]For above 6GHz, strive to align NR Uu assumptions with that considered for MBB evaluations. Simulation assumptions on sidelink, is subject to availability of frequency bands and their respective regulatory requirements. 
In the agreed evaluation assumptions, simulation and system bandwidth are still FFS for both ‘urban grid’ and ‘highway’. We propose to follow the values in [4].
For above 6GHz, use the aggregated system bandwidth and the simulation bandwidth in Table 2. 
[bookmark: _Ref513532542]Table 2. Bandwidths for evluations above 6 GHz.
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Aggregated system bandwidth
	Up to 1 GHz (DL+UL)
Up to 1 GHz (SL) 
	Up to 1 GHz (DL+UL)
Up to 1 GHz (SL) 

	Simulation bandwidth
	80 MHz per CC (SL)
	80 MHz per CC (SL)

	Note: For FDD, simulation BW is split equally between UL/SL and DL



Transmit power
In the agreed evaluation assumptions so far, the transmit power used by UE and BS above 6 GHz is still FFS for both ‘urban grid’ and ‘highway’ scenarios. Following the principle in Proposal 4, we advocate for re-using the current assumptions in [4].
In our view, it is reasonable to apply the ‘urban macro’ assumptions for the ‘urban grid’ scenario and the ‘rural’ assumptions for the ‘highway’ scenario.
For above 6GHz, use the Tx power in Table 3. 

Table 3. Transmit power of UE and BS for evluations above 6 GHz.
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	BS Tx power 
	43dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm
EIRP should not exceed 78 dBm (*)

BS-type-RSU: same as Macro BS 
	Macro BS: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm

BS-type-RSU: same as Macro BS

	UE Tx power 
	30GHz: 23dBm
63GHz: 27dBm
EIRP should not exceed 43 dBm (*)

UE-type-RSU: same as UE 


(*) See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP. EIRP limit is only used for evaluation purpose in RAN1.
RSU deployment 
In [5], the following open issues were identified:
	Outstanding remaining issues:
· Deployment of RSU



As discussed above, NR targets frequency bands both below and above 6GHz. For below 6GHz, the BS and RSU deployment parameters have been agreed in TR 38.802 and can be confirmed. For above 6GHz, some companies suggested to increase the RSU density to overcome the loss in channel propagation. However, we do not see the need to consider higher RSU densities. This is because RSUs are normally deployed considering road infrastructure and deployment efforts/cost rather than the propagation aspects.
RSUs are deployed considering road infrastructure’s deployment efforts and cost rather than the propagation aspects of communication.
Reuse the assumptions on RSU deployment in LTE V2X (Rel-14) for NR V2X evaluations for frequencies below and above 6 GHz. Details are given in Table 4.
[bookmark: _Ref513529139]Table 4. Deployment of RSU for NR V2X evaluation.
	Parameters
	Urban grid for eV2X
	Freeway for eV2X

	UE-type RSU
	At the center of intersection
	Uniform allocation with 100m spacing in the middle of the freeway

	gNB-type RSU
	The same as gNB dropping in PC5 V2V evaluation
	The same as gNB dropping in PC5 V2V evaluation


Traffic model
In RAN1#92bis, the following was agreed:
	Agreements:
· Two options are supported as follows: 
· Periodic traffic based on Option 1
· FFS on which option(s) is(are) supported:
· Message size varies in time in a deterministic manner.
· Message size varies in time in a random manner.
· Aperiodic Traffic based on Option 3
· Working assumption: Inter-packet arrival time = a non-negative constant value + a random variable following an exponential distribution
· Message size varies in time in a random manner.
· Other options are not precluded if a relevant use case is identified.
· Further discussion till next meeting whether both options have equal priority or one of them has a higher priority



Based on our analysis of the use cases described by SA1 [7][10], we propose the parameters in Table 4 roughly characterizing four traffic groups. 
Table 4. Traffic groups.
	Group
	Characteristics
	Notes

	1
	0.1 Mbps
25 packets per second
	Periodic or aperiodic

	2
	1 Mbps
50 packets per second
	Periodic or aperiodic

	3
	10 Mbps
100 packet per second
	Periodic or aperiodic

	4
	25 Mbps
100 packet per second
	Periodic
(Video)


In our view, in addition to the randomization of arrival times already agreed by 3GPP, it is necessary to introduce some randomization in the size of the message size. 
[bookmark: _Ref513668222][bookmark: _Ref513552661]Model for periodic traffic:
· Packet inter-arrival time is fixed to µt.
· Packet size is modelled by a Gaussian distribution centered around the mean value µs bytes, with variance is σs2, and truncated to have support equal to S. 
· Packets are missed with probability p.
Note: values for p, µt, µs, σs2, and S are defined for each use case.
[bookmark: _Ref513552763][bookmark: _Ref513668225]Model for aperiodic traffic:
· Packet inter-arrival time is modelled by by µt + X:
· µt ≥ 0 a constant.
· X is an exponential distribution with parameter λ.
· Packet size is modelled by a Gaussian distribution centered around the mean value µs bytes, with variance is σs2, and truncated to have support equal to S. 
Note: values for µt, λ, µs, σs2, and S are defined for each use case.
Table 5. Traffic model for each use case group.
	Use case
	Traffic model
	p
	µt
(ms)
	λ
	µs
(kbyte)
	σs2
	S

	Platooning
	Basic
	Periodic
(Group 1)
	0.1
	40
	-
	0.5
	0.1 µs
	±2σs2 (around µs)

	
	Adv.
	Periodic
(Group 3)
	0.1
	10
	-
	12.5 
	0.25 µs
	±2σs2 (around µs)

	Advanced driving
	Basic
	Aperiodic
(Group 2)
	-
	0
	50
	2.5 
	0.1 µs
	[0,+∞)

	
	Adv.
	Aperiodic
(Group 3)
	-
	0
	100
	12.5
	0.25 µs
	[0,+∞)

	Extended sensors
	Basic
	Aperiodic
(Group 2)
	-
	10
	100
	2.5
	0.1 µs
	±2σs2 (around µs)

	
	Adv.
	Aperiodic
(Group 3)
	-
	5
	200
	12.5
	0.25 µs
	±2σs2 (around µs)

	Remote driving
	Video
	UL: Periodic
(Group 4)
	0
	10
	-
	31.25
	0.1 µs
	±2σs2 (around µs)

	
	
	DL: Periodic
(Group 2)
	0
	10
	-
	2.5
	0.1 µs
	±2σs2 (around µs)



Based on the four traffic groups captured in Table 4, we propose to use the parameters in Table 5 when simulating each of the use cases. We make the following observations regarding our choice of parameters:
· For each of the use cases (except remote driving), we provide a set of parameters for a basic version of the use case (e.g., basic platooning) and for an advanced version of the use case (e.g., advanced platooning. This attempts to characterize the wide range of traffic requirements provided by SA1.
· We would prefer to avoid the fruitless discussion of whether advanced driving consists of exactly periodic messages or not. Given the uncertainties that 3GPP is facing (lack of clearly defined protocols at higher layers, existence of multiple proprietary implementations, etc.), we think that it is much more useful to develop a set of traffic models that are likely to cover most implementations of the use cases.
· In this regard, the collection of parameters in Table 5 should be seen as a family of traffic models. In our view, NR V2X must be able to serve all of them. 
· Each of the traffic models obtained using the parameters in Table 5 is different from the rest. We think that having traffic models with different characteristics is important to avoid relying excessively on some characteristic to optimize the system.
The four use case groups described in the SID are modelled using the traffic models in , Proposal 8 and Proposal 9, and the parameters in Table 5.
Regarding prioritization of traffic models, we believe that this SI is not the place to establish such prioritization. Both periodic and aperiodic/sporadic traffic models are reasonable given the description of the UCs in the SID. 
No traffic model is prioritized in this SI but the system design must ensure that different types of traffic can coexist.
[bookmark: _In-sequence_SDU_delivery]Performance metrics
Related to the agreements made in [6] on the performance metrics, the following open questions were identified in [5]. 
	Agreements:
· Proposal: 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].
· Additional metric for persistent collision is introduced at least for the use cases requiring a reliability higher than that of LTE V2X.
Outstanding remaining issues:
· Q2 and Q3 in Issue #31
· Necessity of a performance metric other than PRR and the one for persistent collision (e.g., latency, throughput, etc.)
· Performance metric for use cases other than broadcast-type transmissions



Use cases being targeted by 3GPP V2X phase 3 can be categorized as either for safety or non-safety applications with different requirements. Safety applications such as lane merging, advanced sensor sharing etc. require highly reliable data transmissions with a certain latency bound so that the received information is not out-dated. On the other hand, non-safety applications require high throughput with lower latency and reliability requirements. Based on this, we identify the following as primary metrics for evaluations. 
Packet Reception Ratio (PRR)
It was agreed in RAN1#92 to use PRR Alt. 1 as a metric for broadcast type use cases. The current definition of PRR already considers the latency aspects i.e. the packets not fulfilling the latency requirements (e.g. 100ms in Rel. 14/15) are considered as lost. However, the new V2X use cases have stricter latency requirements which should be appropriately taken into account. This can then be represented as ‘ average PRR vs distance for a certain latency budget’ or ‘average PRR vs latency for a certain distance’.
In PRR, packets not received within the latency bound are considered as lost packets.
Furthermore, there was discussions on the PRR calculations in case of varying packet sizes. According to our view, first, as mentioned in Section 6, the variation in the packet size should be limited as there is no SA1 use case justifying large variations in the packet size. Secondly, PRR calculations should not be affected by the change of packet size as it is a system level KPI. 
Furthermore, there has been discussion on the use cases to use PRR type 2 as a performance metric. According to our view, platooning use case is the most relevant use case to consider PRR type 2 as the performance metric. 
Platooning is the most relevant use case for PRR type 2 as the performance metric.  
Persistent Collisions and Packet Inter-Reception (PIR)
In RAN1#92bis, the following was agreed:
	Agreements:
· Adopt the following metric for persistent collision
· Packet Inter-Reception (PIR)
· Time elapsed between two successive successful receptions of two different packets transmitted from node A to node B for the same application. 
· FFS how to collect results of PIR


PIR is defined as the time elapsed between two successive receptions of different packets transmitted from UE A to UE B and belongs to the same service. We suggest to use the following PIR representation.
· For a single link, CDF of PIR is a sufficient representation.
· For multiple links, CDF of Xth-percentile PIR per link avoids the hiding effect of averaging.
PIR is used as a performance metric to evaluate consecutive packets loss.
· PIR per link is represented by CDF of PIR based on the number of consecutively received packets. 
· PIR for multiple links is represented by the CDF of Xth-percentile PIR per link and based on total number of links in the system.
Throughput 
User throughput is defined as the ratio of amount of data to the time for its reception. Many non-safety applications do not have stringent requirements on reliability and latency. Rather, high throughput is required. Therefore, throughput should be the primary metric for such use cases. 
Throughput is used as the primary performance metric for non-safety use cases.
 Positioning metric
In [5] the following open issue related to positioning were identified:
	Outstanding remaining issues:
· Necessity of performance metric(s) other than the positioning error


In our view, absolute and relative positioning error, which were agreed in [6] are sufficient.
No additional metric is introduced for positioning 
Need for other metrics
During the e-mail discussions, some companies mentioned the need of other metrics for some other use cases such as advanced driving and sensor sharing. This is to measure the number of objects detected by the vehicle. However, we believe that such metric cannot be classified as radio layer performance metric and is out of RAN scope. 
No new metric is introduced to measure the number of detected objects in the surrounding of the UE. 
Use-case dependent target reliability
In RAN1#92, there were discussions on the considered target reliability (i.e. PRR and/or PIR value) depending on the use cases and it was stated as open issue in [5]:
	Outstanding remaining issues:
· Target reliability of RAN1 evaluation which can be dependent of the use cases and/or scenarios 



According to our view, it makes sense that the performance (i.e. reliability and/or latency) targets depend on the use case as defined by SA1 in TR22.886 [7]. However, RAN1 should aim to design a RAT that can fulfil the targets of all the considered use cases. Also, it is out of scope of RAN1 work to define one particular value of target performance. 
RAN1 aims to fulfil the targets of all the considered use cases as described by SA1 in TR 22.886. 
Clarification on RSU terminology
Recently SA1 agreed to remove the terminology of ‘eNB-type RSU’ from its specifications [13],[14], and [15]. In order to maintain the consistency in the specifications, we propose not to use the terminology of ‘gNB-type RSU’ in the NR TRs/TSs. We think that RAN1 should follow the same approach and remove gNB-type RSU from the NR TR.
Do not use the term ‘gNB-type RSU’ in NR TRs/TSs and instead consider just gNB.
 Conclusions
In this contribution we discussed our view on the remaining aspects of V2X evaluation scenarios and performance metrics. We have observed the following:
1. RSUs are deployed considering road infrastructure’s deployment efforts and cost rather than the propagation aspects of communication.
In PRR, packets not received within the latency bound are considered as lost packets.
Platooning is the most relevant use case for PRR type 2 as the performance metric.  
Based on the discussion, we have proposed the following:
1. Complete the evalution assumptions on ‘UE drop and mobility modeling’ with Table 1.
The simulation bandwidth for sidelink at 5.9 GHz is 10 MHz.
· Note: RAT design may consider other channel bandwidths and the possibility of using multiple channels (e.g., using carrier aggregation).
For above 6GHz, strive to align NR Uu assumptions with that considered for MBB evaluations. Simulation assumptions on sidelink, is subject to availability of frequency bands and their respective regulatory requirements. 
For above 6GHz, use the aggregated system bandwidth and the simulation bandwidth in Table 2. 
Option A is used as baseline dropping model for highway and urban grid scenarios.
For above 6GHz, use the Tx power in Table 3. 
Reuse the assumptions on RSU deployment in LTE V2X (Rel-14) for NR V2X evaluations for frequencies below and above 6 GHz. Details are given in Table 4.
Model for periodic traffic:
· Packet inter-arrival time is fixed to µt.
· Packet size is modelled by a Gaussian distribution centered around the mean value µs bytes, with variance is σs2, and truncated to have support equal to S. 
· Packets are missed with probability p.
Note: values for p, µt, µs, σs2, and S are defined for each use case.
[bookmark: _Ref513811955]Model for aperiodic traffic:
· Packet inter-arrival time is modelled by by µt + X:
· µt ≥ 0 a constant.
· X is an exponential distribution with parameter λ.
· Packet size is modelled by a Gaussian distribution centered around the mean value µs bytes, with variance is σs2, and truncated to have support equal to S. 
Note: values for µt, λ, µs, σs2, and S are defined for each use case.
The four use case groups described in the SID are modelled using the traffic models in , Proposal 8 and Proposal 9, and the parameters in Table 5.
No traffic model is prioritized in this SI but the system design must ensure that different types of traffic can coexist.
PIR is used as a performance metric to evaluate consecutive packets loss.
· PIR per link is represented by CDF of PIR based on the number of consecutively received packets. 
· PIR for multiple links is represented by the CDF of Xth-percentile PIR per link and based on total number of links in the system.
Throughput is used as the primary performance metric for non-safety use cases.
No additional metric is introduced for positioning 
No new metric is introduced to measure the number of detected objects in the surrounding of the UE. 
RAN1 aims to fulfil the targets of all the considered use cases as described by SA1 in TR 22.886. 
Do not use the term ‘gNB-type RSU’ in NR TRs/TSs and instead consider just gNB.
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