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1. Introduction

This document is the summary of email discussion [90-30] on eV2X evaluation methodology. This email proceeded with the following steps. 
	Step 1) Make a list of specific issues raised during [89-28] whose summary is in R1-1715092

· Consensus on the list by 15th Sept

Step 2) Collect companies input for each issue 

· Until 9th Oct, the first day of RAN1#90bis
Step 3) Prepare email discussion summary which includes possible consensus and debatable topics to be used in the next round of email discussions 

· During the week of RAN1#90bis


s
2. Discussion on evaluation methodology
Issue #1) Can this be confirmed “the outcome of this study is used as a baseline for developing technical solutions and can be modified later as necessary”?

[LG] Yes, it can be confirmed.  
[IDC] Yes

[Ericsson] Yes! This can be confirmed as a generic note to the agreements on eV2X evaluation methodology. 

[Toyota ITC] Yes, it can be confirmed.
[OPPO] Yes
[Huawei]: Yes. 
[ZTE] Yes
[DCM] Yes
[Intel] Yes, it can be confirmed as a baseline for evaluation and development of technical solutions.
[Cohere] Yes
[QC] Agree
[CATT] Yes
[ITRI] Yes

[Samsung] Yes
[Sony] Yes

2.1. System level simulation assumptions 
2.1.1. Evaluation scenarios
Issue #2) Is it necessary to make a model for simulation of “mixed scenario of different use cases”?
[LG] Simulation for each use case should be performed prior to that for mixed scenario of different use cases, from which we can check whether a certain technical solution satisfies the requirement of each use case. It is unclear what additional aspect needs to be evaluated with the mixed scenario.
[IDC] We may focus more on each use case in the first stage. The mixed scenario of different use cases could be examined in the second stage.
[Ericsson] No! Coexistence of different use-cases are important but for simplification it should not be the baseline for decision on technical solutions. Also, various use-cases and carrier can be (pre)-configured by higher layers with respect to the regulatory aspects. Therefore, it is not clear if such coexistence is necessary. 
[OPPO] Agree with IDC.

[Huawei]: It would seem necessary from our point of view. For instance, coordinated maneuver message exchange among automated vehicles seems to be one major use case for 5G V2X. It is very likely that as two automated vehicles engage in a lane merging scenario, there could be a non-negligible amount of background traffic ongoing as well, sharing the same time/frequency resource, which is entirely lane-merging irrelevant. It would seem necessary to model such scenario to properly evaluate the impacts. 
[ZTE] We also share LG’s view in which simulation of “mixed scenario of different use cases” should be deprioritized. 
[DCM] Simulation for each use case should be performed for simplicity. Simulation of mixed traffic can be optionally considered.

[Intel] We prefer to see generic evaluation scenario covering different use cases at least in terms of deployment and user drop. In terms of traffic, different traffic models can be considered during the course of the studies. As for mixed scenario of different use cases, in our view it should not be considered as a baseline, since it is unclear whether and which mixed scenarios will exist in practice. Therefore if such model is developed it should not be considered as a baseline.

[QC] In our view, we should prioritize evaluation scenarios for NR UEs and NR use cases (e.g. sensor sharing, trajectory sharing etc.) without co-channel sharing with R-14 and R-15 traffic/UEs over mixed scenarios.
[CATT] we also think that evaluation focus on each use case is simply, but with the consideration of the real road situation, we still think that we should provide some mixed scenario of different use cases for evaluation.
[Samsung] Clarification on mixed scenario, does it mean: 1) mix evaluation of e.g. plantooning and advanced driving; 2) a desired advanced use case e.g. advanced sensor + certain background traffic? We don’t think 1) is needed. But 2) can be a typical scenario, right? It is not practical that all cars in an area are doing high reliability high data rate services, otherwise the area is congested. 

[Sony] Mixed scenario of different use cases should be deprioritized as an option.
Issue #3) For below 6 GHz, can the following parameters in [1] be 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) 

10 or 20 MHz (SL) 
	20 or 40 MHz (DL+UL)

10 or 20 MHz (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
[LG] Yes, it can be confirmed.  
[IDC] Yes.
[FRAUNHOFER IIS] Yes.
[Ericsson] Yes! These parameters can be confirmed for below 6GHz with the note that Macro-BS parameters may also be used for BS-type RSU. 
[OPPO] Yes

[Huawei]: Yes.
[ZTE] Yes
[DCM] Yes

[Intel] Carrier frequency, aggregated system bandwidth, BS/UE receiver noise figure, BS/UE Tx power could be confirmed. Regarding the simulation bandwidth, the SL simulation bandwidth should be the same as system bandwidth to properly cover in-band emission (IBE) and Half-Duplex (HD) effects. For DL and UL, reduced simulation bandwidth can be considered if it does not affect DL/UL performance.
[QC] Agree. For carrier frequency, we note that 6GHz assumption should also covers the potential use of band 5925-6425 MHz band for ITS. (ECC#40 (Feb/March 2017) one WI got approved (FM_52) to study potential use of band 5925-6425 MHz. This usage can include WAS/RLAN in band 5925-6425 MHz as indicated in LS to WG SE (SE(17)088).)
[CATT] Yes

[ITRI] Yes

[Samsung] Yes. One question, since power of BS-type RSU is included, does it mean BS-type RSU is a separate entity, but not a logical entity at eNB location? 

Issue #4) For both below and above 6 GHz, can “MMSE-IRC in [1]” be confirmed as the baseline receiver while advanced receiver can be considered in the system design?
[LG] Yes, it can be confirmed.  
[IDC] Yes
[Ericsson] Yes! This can be confirmed. 
[OPPO] Yes

[Huawei]: Okay to use MMSE-IRC for evaluations. Note however that the MMSE-IRC receiver may not be the best choice for a V2X scenarios since the performance of MMSE-IRC is degraded at high speed and in the presence of non-dominant interferer.
[ZTE] Yes
[DCM] Yes

[Intel] Yes, MMSE-IRC receiver can be confirmed as a baseline, not precluding analysis of advanced receivers at a later stage. Design aspects that can benefit advanced receivers can be taken into account in system design from the beginning.
[Cohere] The receiver of the different solutions shouldn’t be restricted to be MMSE-IRC for performance evaluation. Instead, the receiver should be part of the proposed solution.

[QC] Need further discussion on baseline receiver assumption.
[CATT] MMSE-IRC could be a baseline in NR V2X evaluation. 

[ITRI] Yes

[Samsung] Yes

Issue #5) For above 6 GHz, can the following parameters in [1] for “BS/UE receiver noise figure” be 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 performance), 10dB (high performance)


[LG] Yes, it can be confirmed.
[IDC] Yes
[Ericsson] Yes! This can be confirmed. 
 [OPPO] Yes

[Huawei]: Yes.
[ZTE] Yes
[DCM] Yes

[Intel] Yes, parameters can be confirmed for evaluation purposes. Suggest to change “baseline performance” and “high performance” to “baseline” and “optional” noise figure values and focus on UEs with baseline values.
[CATT] Yes

[ITRI] Yes

[Samsung] Yes

Issue #6) For above 6 GHz, can the following proposals be agreed for “BS/UE Tx power”?

	· Macro BS

· 43dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm 

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

[LG] Yes, it can be agreed.  
[IDC] For Macro BS, we may also consider 46 dBm, as mentioned in 38.913 
[Ericsson] For 30GHz, the mentioned macro BS and UE Tx power can be agreed together with EIRP limitations. However, BS-type RSU should be 23dBm as in [1] and it should be agreed that Macro-BS parameters may also be used for BS-type RSU.    

For 70GHz, the mentioned macro BS Tx power can be agreed with EIRP limitations. However, UE Tx power should be 21dBm as in [1].

For vehicle/pedestrian UE or UE-type-RSU at 63-64GHz and/or 76-81GHz, RAN decisions should be considered.

[OPPO] Yes

[Huawei]: Yes. 
[ZTE] Yes, it can be agreed
[Intel] Yes, it can be agreed as a good starting point for evaluation purpose.
[CATT] Yes, it can be a starting point for evaluation.

[ITRI] Yes

[Samsung] Yes, with a question on how to model BS-type RSU, similar to issue #3
Issue #7) For above 6 GHz, what is the “carrier frequency”? 

[LG] For above 6 GHz, carrier frequency can be defined as below. 

· 30 GHz (note that this follows the assumption used in NR SI)
· Macro BS (i.e., ISD = 500m) to/from vehicle/pedestrian UE

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

· 60 GHz (for the simplicity of simulation, we think that the carrier frequency of 60 GHz can be used for above 6 GHz, considering e.g., 63-64 GHz designated for ITS in Europe)

· Between vehicle/pedestrian UE

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

[IDC] For evaluation purpose, we could use 30 GHz for the link between Macro BS/BS-type-RSU and UE/UE-type-RSU; We could use 60 GHz for the link among UEs or UE-type-RSUs. 
[Ericsson] For above 6 GHz, and for macro BS and BS-type-RSU to/from vehicle/pedestrian UE, 30GHz and/or 70GHz can be taken as the reference frequency above 6GHz for the evaluations so that the agreements captured in [1] for NR evaluations can be reused for eV2X. However, for frequencies above 6 GHz between vehicle/pedestrian UE/UE-type RSU, RAN email discussion including regulatory requirements and its conclusions should be considered for both 63-64GHz and 76-81GHz as stated in the SID (RP-170837).  
[Toyota ITC] For UL/DL, 30 GHz is used as in NR SI. For SL, 60 GHz is used for simplicity, considering the fact that 63-64 GHz is designated for ITS in Europe.
[OPPO] Agree with LG.

[Huawei]: For macro BS and BS-type-RSU to/from vehicle/pedestrian UE, 30GHz can be taken as the reference frequency for the evaluations to align with 38.802. 

For frequencies between vehicle/pedestrian UE/UE-type RSU, 60GHz can be taken as the reference frequency for the evaluations considering recent conclusions made in RAN#77 (RP-172041).

[ZTE] For macro BS to/from vehicle/pedestrian UE: 30 GHz; For BS-type-RSU to/from vehicle/pedestrian UE: 30 GHz or 70 GHz; For the among vehicle/pedestrian UE/UE-type-RSU: 60 GHz.
[DCM] Agree with LG

[Intel] In terms of carrier frequency, we propose to use the following parameters for evaluation:

	
	Macro BS -UE
	UE-UE
	BS Type RSU –UE
	UE Type -RSU - UE

	≥ 6GHz
	30 GHz
	63 GHz
	30 GHz or 70 GHz
	63 GHz


The 63 GHz for evaluation is aligned with the current regulation requirements in Europe. We also propose to add a note that exact value is subject to regulatory decisions. We could be also OK to use 60GHz for evaluation, but we need to discuss how to handle oxygen absorption which value is sensitive to carrier frequency.

[Samsung] Clarification, why not evaluate worst case of about 80GHz? 
Issue #8) For above 6 GHz, what is the “aggregated system/simulation bandwidth”? Also for below 6 GHz, is it necessary to consider additional “simulation bandwidth” on top of listed parameters in Issue #3?
[LG] For above 6 GHz, aggregated system/simulation bandwidth can be defined as below. 

· Aggregated system bandwidth

· Up to 1 GHz (DL+UL)

· Up to 1 GHz (SL)

· Simulation bandwidth

· 80 MHz per CC (DL+UL)

· [40], [100], 400 MHz per CC (SL) (note that 400 MHz is the largest bandwidth of a CC agreed in RAN4 NR#2)

For below 6 GHz, we propose to include “100 MHz (per CC)” as an additional simulation bandwidth of SL. This is because it can be necessary to utilize the whole system bandwidth depending on use case (e.g., sending large-size packets using broadcast for sensor sharing). It is noted that there is possibility to allocate a larger bandwidth to ITS as can be found in “comments on other topics” below.
[IDC] Aggregated system bandwidth: up to 1 GHz for (DL+UL) and up to 1 GHz for SL. 

Simulation bandwidth: 200 MHz for (DL+UL) and 100 MHz for SL
[Ericsson] For above 6GHz, RAN decisions should be considered for 63-64GHz and 76-81GHz. Also, we should strive for alignment with [1], and between SL and UL/DL. 

For below 6GHz, we think that the current agreements on aggregated system and simulation bandwidth should be followed i.e. 10MHz or 20MHz (at least for 5.9GHz) and there is no need to consider additional “simulation bandwidth” as it is very unlikely as per spectrum availability. 
[Toyota ITC] For above 6GHz, the aggregated system bandwidth is up to 1 GHz for UL+DL and up to 1 GHz for SL.
[Huawei]: For above 6GHz, use aggregated system bandwidth of 1 GHz for UL+DL and up to 1 GHz for SL. For simulation bandwidth, we can assume 80Mhz (same as the assumption for eMBB).
For below 6GHz, additional simulation bandwidth on top of the listed parameters in Issue #3 is not needed.
[ZTE] For aggregated system/simulation bandwidth can be defined as such:

Aggregated system bandwidth:

· For above 6GHz, up to 1 GHz for (DL+UL_ and up to 1 GHz for SL

· For below 6GHz, up to 200 MHz for (DL+UL) and up to 100 MHz for SL

Simulation bandwidth:

· For above 6GHz, 80 MHz per CC for (DL+UL) and 40,100, 400 MHz per CC for SL

· For below 6 GHz, 20 MHz, 40 MHz per CC for (DL+UL) and 10, 20, 100 MHz per CC for SL
[DCM] For above 6 GHz, the aggregated system bandwidth up to 1 GHz is assumed for UL+DL and SL. 
[Intel] For SL, we prefer to see SL system and simulation bandwidth to be aligned
[CATT] for above 6GHz, the aggregated system bandwidth is to 1GHz for UL+DL and SL. For below 6GHz, the aggregated system bandwidth could be 50MHz.
Issue #9) For both below and above 6 GHz, can RAN1 reuse the “Rel-14 assumption in [3]” as a temporary model for “IBE” until RAN4 works?

[LG] Yes, it can be reused at this moment.
[LG] Yes
[Ericsson] RAN1 can reuse the “Rel-14 assumption in [3]” only for below 6GHz and LTE-like design. For above 6GHz and NR design, it is important to model IBE accurately. 
[OPPO] Yes

[Huawei] Apply LTE in-band emission requirement until NR Sub-6GHz in-band emission requirement is agreed. For above 6GHz, we need to wait for RAN4 inputs.
[ZTE] Yes
[DCM] Yes

[Intel] For below 6GHz use the following values that were agreed in RAN4: General from R4-1709481 and IQ and carrier leakage from R4-1709949. For above 6GHz, we suggest to reuse either LTE or NR values and revise at a later stage subject to future RAN4 decision.
[QC] Yes, they can be used as a starting point when updated RAN4 requirements for NR are not available (as referred in Intel’s response). Note, when using updated NR agreements, we should apply the adjustments {W, X, Y, Z} as agreed for Rel-14/13/12 for typical UEs in similar manner to Rel-14/13/12 assumptions. 
[CATT] For below 6GHz, RAN1 can use the “Rel-14 assumption in [3]” as a starting point. For above 6GHz, we need to wait for RAN4 decisions. 

[ITRI] Yes

[Samsung] Yes

[Sony] Yes

Issue #10) For both below and above 6 GHz, can RAN1 reuse the “Rel-14 assumption in [3]” as a temporary model for “synchronization (i.e., time and frequency error)” until RAN4 works?

[LG] Yes, it can be reused at this moment.
[IDC] Yes
[Ericsson] RAN1 can reuse the “Rel-14 assumption in [3]” only for below 6GHz and LTE-like design. For above 6GHz and NR design, it is important to model synchronization accurately. 
[OPPO] Yes

[Huawei]: Yes, but numbers need to be revised at a later stage based on RAN4 input for accurate modeling. Moreover, in addition to frequency offset, consider introducing time offset (e.g., max timing error).
[ZTE] Yes

[DCM] Yes

[Intel] For frequency synchronization, we propose to temporally use 0.1ppm. For timing error, +/- 12Ts can be considered. The numbers can be refined based on further RAN4 analysis as discussed in R4-1704359.
[QC] Yes, they can be used as a starting point.
[CATT] For below 6GHz, RAN1 can use the “Rel-14 assumption in [3]” as a starting point. For above 6GHz, we need to wait for RAN4 decisions.   

[ITRI] Yes

[Samsung] Yes

Issue #11) For both below and above 6 GHz, can “road configuration for urban grid and highway in [2]” be confirmed?
[LG] Yes, it can be confirmed but an option with a reduced simulation area size (i.e., in terms of the minimum number of grid blocks) for urban case can be considered if the simulation complexity is largely increased due to channel modeling which reflects UE location update (e.g., spatial correlation). 
[IDC] Yes
[Ericsson] Yes! They can be confirmed. 
[Toyota ITC] Yes, it can be confirmed.

[OPPO] Yes

[Huawei]: Yes.
[ZTE] Yes
[DCM] Yes

[Intel] The “road configuration for urban grid and highway in [2]” can be confirmed.
[QC] Yes, they can be confirmed as a starting point.
[CATT] Yes

[ITRI] Yes

[Samsung] Yes
[Sony] Yes

Companies are requested to provide comments on other topics related to the evaluation scenarios if any:

[LG] In our opinion, it should be clear that the purpose of RAN1 study is to evaluate the radio performance of a technology necessary for application(s), not to evaluate each eV2X application itself. So it is not desirable make multiple evaluation scenarios that can evaluate the same aspects of radio technologies just for the reason that the applications are different.

[LG] We think that the assumptions for “below 6 GHz” can be applied to a frequency band where some part is located above 6 GHz. In particular, 5GAA recently requested to allocate 5925 – 6425 MHz for ITS and all the assumptions for “below 6 GHz” are applied to the evaluation in this band if this band is included in the scope of the study.
[QC] Share the same view as LGE on applicability to 5925-6425 MHz for ITS.

2.1.2. UE drop and mobility modeling
Issue #12) Will there be prioritized use case(s) among the four categories – vehicle platooning, extended sensors, advanced driving, remote driving?
[LG] We think that this issue is motivated to reduce the number of simulation scenarios. We understand that “use case A is prioritized over use case B” in this evaluation methodology study means “evaluation scenario targeting use case A” can be sufficient to assess the radio performance of a technology to be used for use case B. We would like to emphasize that RAN1 study is to evaluate the radio performance, not to evaluate each eV2X application. Thus, simulation scenario can be set considering more challenging use cases because a solution that meets the radio requirement can be used for less challenging ones. In this sense, the extended sensors and advanced driving can be “prioritized” in this study. This is because their SA1 requirements are in general more stringent than those of vehicle platooning and the number of vehicles participating in platooning is expected to be smaller than those participating in the two use cases. But it should be clear that this does not imply any prioritization in studying technical solutions later.
[IDC] Advanced driving and extended sensors could have higher priority than remote driving and vehicle platooning.
[FRAUNHOFER IIS] Advanced driving can be prioritized amongst other use cases as it has the stringent latency, positioning accuracy and reliability requirements [4]. Apart from advanced driving we support extended sensors as the prioritized use case to covers another range of requirements.
[Ericsson] No! We think that there is no need to prioritized the use case(s) and is out-of-scope of RAN1 decisions. However, we should strive for one or two UE drop and mobility models representing majority of use cases to limit the evaluation scenarios. 

[Toyota ITC] We propose to prioritize Advanced Driving and Extended Sensors.
[Huawei]: Firstly, we would like to understand what would happen to the use case(s) that are prioritized and de-prioritized. For example, if a certain use case is de-prioritized, will it not be considered at all or be considered at a later stage? Another aspect worth clarifying is how different types/sources of inputs are treated in the prioritization decision process. It would seem appropriate to align prioritization decision (if any) with sources of considerable car OEM involvements. 

[ZTE] In our perspective, we think from the point of reducing the evaluation scenarios, Advanced Driving and Extended Sensors could be prioritized.  

[DCM] Agree with LG. At least we need to reduce the simulation scenarios.

[Intel] It is desirable to avoid multiple scenarios for evaluation and design targeting specific use cases. Instead the representative scenario that can cover main radio-technology components for potentially different use cases should be selected. Among considered use cases, advanced driving and sensor sharing is a superset over platooning use case. Remote driving may need to be separately considered since it does not require sidelink.

[Cohere] All use cases have to be covered for meeting the SA1 requirements, but we agree that advanced driving and extended sensors represent the more challenging use cases and can be prioritized.

[QC] We prefer to focus on extended sensors, advanced driving, and positioning use cases. UE drop can be discussed in scope of these use cases. The remote driving use case involves Uu interface and we need to leverage the NR work on high reliability and low latency.
[CATT] We also share the same views with Huawei, it is appropriate to involve car OEM to make a decision on the prioritized use cases.
[Samsung] Agree to define prioritized use case for evaluation. 
[Sony] Agree with LG.
Issue #13) For both below and above 6 GHz, can the following parameters in [1] be confirmed? 

	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.


[LG] Yes, it can be confirmed.
[IDC] Yes
[Ericsson] No! We believe that some of the parameters (e.g. average vehicle speed) may need to be revised. Precise values can be discussed later during online sessions. 
[Toyota ITC] No, we propose the following changes.
For urban grid for eV2X:
Since 120km/h vehicle speed in urban scenarios is too fast and not realistic, we propose to reduce the maximum speed in urban scenarios (e.g., 60 km/h as in [3]]. Also, in the current assumption in the urban scenario, at 15 km/h vehicle speed and 1 sec time gap, inter-vehicle distance between two vehicles’ center is about 4.17m, which is shorter than the typical sedan size (4.8-5.1 m long). Therefore, we propose to increase the inter-vehicle time gap from 1 sec in the urban scenario (e.g., 1.5 sec or 2.5 sec as in [3]).
For highway for eV2X:
We propose to add a longer inter-vehicle time gap (e.g., 2.5 sec as in [3]) as another candidate.
[OPPO] Yes

[Huawei]: We are fine with the above parameters in general. For pedestrian UE dropping, we think a denser pedestrian dropping is needed to better reflect practical density, especially in some big cities. It is proposed to consider 4m inter-pedestrian distance. In addition, we may consider Gaussian distribution for vehicle speed modeling. Further refinements of different parameters of Gaussian distributions for different lanes can also be considered. The number of lanes for highway scenarios should be specified, e.g. 3 lanes each direction. 
[ZTE] Yes, but as highlighted in the note in the table, some parameters can be modified after SA1 input.
[DCM] Agree with Toyota ITC. Regarding vehicle speed of 120 km/h in urban, we propose not to simulate such parameter in the system level simulation. However, we are open to simulate it in link level using NLOS model.

[Intel] We are fine with proposed parameters. In case if vehicle dimensions are introduced, it is necessary to control the minimum distance b/w vehicles to avoid overlap.

[QC] Inter-car distance of 2.5sec considered for LTE was based on mechanical aspect of the car, that remains unchanged. So, need further discussion on need to change inter-car distance assumption from LTE.
[CATT] For mixed scenario of different use cases, e.g. advanced driving and paltooning, the platooning shall be modeled, and the inter-distance between cars for platooning is shorter than non-platoon cases. 
[ITRI] Yes

[Samsung] Yes

[Sony] Agreed with Toyota
Issue #14) If the model in Issue #13 is confirmed, what use cases will be evaluated with this model?
[LG] It can be used for evaluating extended sensors and advanced driving.
[IDC] Advanced driving and extended sensors 
[Ericsson] After revision of parameters as mentioned in Issue#13, we think, most of the use-cases can be covered. 

[Toyota ITC] We propose to evaluate Advanced Driving and Extended Sensors with the model agreed.
[Huawei]: This can be taken as a baseline model to simulate use case(s) that would not require specific vehicle and/or road configurations, such as sensor sharing. 
[ZTE] We think that Advanced Driving and Extended Sensors can be evaluated with this model.

[DCM] We think most of the use cases can be covered. Considering simulation workload, we can select advanced driving and extended sensor as representative use cases.

[Intel] Based on analysis of SA1 work, advanced driving and sensor sharing use cases have more stringent technical requirements and thus should be the main target for evaluations.
[QC] Agree with LGE.
[CATT] With some modification of our proposal in issue 14), advance driving, extended sensor and platooning use cases can be evaluated.  

[Samsung] agree with LG
[Sony] Agree with LG
Issue #15) If the model in Issue #13 is confirmed, the location of Vehicle UE is updated at every 100 ms for the evaluation of PRR in sidelink or communication interruption in uplink/downlink. Then how will this location update be reflected in the channel modeling in Section 2.1.4 (e.g., large-scale channel parameters, fast fading parameters)?
Note: This may be revised for poistioning studies

[LG] The principle of Rel-14 (i.e., update only large-scale parameters without changing the small-scale fading process) can be applied at least to the below 6 GHz cases. For above 6 GHz, Rel-14 may not be applicable in some cases because RAN1 may need to evaluate the impact of the change in the angle of arrival/departure of a TX-RX pair due to their mobility. It can be further discussed whether the spatial correlation mode in [6] is used or the Rel-14 assumption can be reused. It is noted that the selection can be dependent of the target of evaluation, and it can be considered to have an option without UE location update for more simplified simulation if a needs is found.
[IDC] This location update may affect the spatial consistency model, blockage model and AoA/AoD/ZoA/ZoD, etc. 
[Huawei] The propagation channel evolves smoothly over time. Fast fading and Doppler should be updated several times per wavelength, which is much more frequently than every 100 ms, but large scale parameters could be updated less frequently, e.g., at every 100 ms.
[Intel] The channel modeling requires separate and more detail discussion for above and below 6GHz. Principles of channel modeling in LTE-V2V and NR channel models can be reused. 
[QC] Principle of R14 can be maintained.

Issue #16) Is it necessary to make a model specific for “vehicles platooning”? If so, what is the detailed model?
[LG] We don’t think that a new UE dropping is needed for vehicles platooning as answered in Issue #12. This does not mean that solutions necessary for platooning (e.g., message transmission to a predefined set of UEs) cannot be studied later. For example, message delivery within a closed group can be considered and evaluated with the UE dropping model in Issue #13 using PRR definition in Alt 2 in Issue #37.
[Ericsson] No! We do not think it is necessary to have a model specific to ‘vehicle platooning’. UE drop and mobility model can be taken as it is after revision of certain values like vehicle speed etc. 

[ZTE] In our perspective, in order to avoid the excessive number of simulation scenarios and models for UE dropping, e.g., current dropping model can be reused for extended sensors and advanced driving scenarios. Nevertheless, if we agree to evaluate vehicles platooning, a new dropping model may be needed since some parameters (e.g., inter-vehicle distance) are considerably different than other scenarios.
[Intel] At this stage, we do not see strong motivation to create platooning specific dropping model for physical layer studies and design. Our understanding is that system design can cover platooning use cases.

[QC] Not needed. 
[CATT] if we need to evaluated the platooning operation, there are some obvious difference for UE dropping in advanced driving. Each platooning can be vehicle set, which will present in the road according to poisson process, and the inter-distance between vehicle cars shall be smaller than that of advanced driving. 

Companies are requested to provide comments on other topics related to the UE drop and mobility modeling if any:

[FRAUNHOFER IIS]:

Mobility model:
· It is important to have at least one mobility model that fits advanced driving. Extended sensors can be another mobility model but we should avoid more than two models to avoid extending the number of simulation scenarios. E.g., a car-following model is suitable for both and can be adapted to the platooning use-case.

· We are also interested that the mobility model considers vehicles communicating while moving in opposite directions and/or crossing the lanes.

UE Dropping:

· In our understanding, we need to specify different droppings for different scenarios. 
· Additionally we need to specify values (e.g., maximum number of UEs) for different traffic conditions, e.g. rush hours and other situations.
[Huawei]: Yes. At least the following parameters seem necessary to model vehicle platooning applications
· platoon length (number of vehicles in a platoon), 
· velocity of vehicles in a platoon,
· intra-platoon time gap (distance between vehicles in a platoon), 
· inter-platoon time gap (distance between different platoons or one platoon and other non-platoon vehicles), 
· Proportion of UEs being in platoons vs. those not in platoons
2.1.3. BS and RSU deployment
Issue #17) For below 6 GHz, can the following parameters in [1] for “BS and RSU deployment” be confirmed?

	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])

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

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

Option 2: Macro + RSUs  (straight line eNB with Road configuration in [3])

Note: An RSU can be a BS type RSU or UE type RSU. Out of coverage can be evaluated assuming eNB or RSU to be disabled.

	Inter-BS distance
	Inter Macro: 500m

Inter RSU: RSU is dropped at each intersection
	Inter Macro: 1732m, 500m (optional) 

Inter RSU: Uniform allocation with 100m spacing in the middle of the highway


Note: Macro-BS parameters may also be used for BS-type RSU
[LG] Yes, it can be confirmed.
[IDC] Yes
[Ericsson] Yes! They can be confirmed. 

[OPPO] Yes

[Huawei]: Yes. In addition, we think if new UE drop and mobility modeling is introduced, new BS and RSU deployment may be introduced as well.
[ZTE] Yes
[DCM] Yes

[Intel] Agree on BS placement. As for RSU placement, the placement at both sides of the road should be considered. Details can be discussed further.
[QC] For RSU deployment may need further consideration (at least for positioning use case evaluations) as description in Section 2.3.
[CATT] Yes

[ITRI] Yes

[Samsung] Yes

Issue #18) For above 6 GHz, is it necessary to consider “higher RSU density”?
[LG] Given that a higher frequency (e.g., 60 GHz) which was not considered during the NR SI will be used, higher RSU density can be considered for above 6 GHz to overcome worse channel propagation.
[IDC] Higher RSU density could be used for the urban grid scenario, considering the vehicle density may be higher, e.g., for the use case of vehicle platooning.
[Ericsson] No! We do not see the need to consider “higher RSU density”. RSUs are normally deployed considering road-site infrastructure and deployment efforts/cost rather than the propagation aspects. 

[Toyota ITC] RSU density is determined based on the target use cases and channel characteristics in a higher frequency in order to meet the requirements of the target use cases.
[OPPO] That depends on whether beamforming gain/antenna gain for massive MIMO is introduced in SL for above 6G Hz. If the beamforming gain can compensate the propagation loss, “higher RSU density” is not needed.
[Huawei]: Yes, we think additional BS and RSU deployment should be considered for above 6GHz (e.g., according to [1]). 
[ZTE] Yes, for the urban scenario the RSU (UE-type, FFS for eNB-type) density should be increased for above 6GHz case (considering higher path loss for above 6 GHZ).
[DCM] No. We have same understanding as Ericsson.

[Intel] This aspect can be left open for further analysis and can be motivated by channel propagation conditions which are still to be defined and analyzed in RAN1.
[CATT] Yes, for above 6GHz, higher RSU density is needed in order to overcome the bad channel propagation. 

[ITRI] Yes, we have same view as Huawei.
[Samsung] high RSU density can be considered due to bad propagation property of high frequency. 
Companies are requested to provide comments on other topics related to the BS and RSU deployment if any:

2.1.4. Channel model 

Issue #19) For above 6 GHz, is it agreeable that the large-scale channel parameters (e.g., pathloss, shadowing, etc.) of “UMi-Street Canyon [6]” with modified antenna height can be a starting point?
[LG] Yes. Further discussion is necessary on how to determine “LOS/NLOS status” and “attenuation value” when the signal (between outdoor UEs) is blocked by building(s) since Manhattan grid layout is not defined in [6].
[IDC] Yes, the LS channel parameters of UMi-street canyon scenario [6] could be a starting point. LOS probability, car penetration loss and others may need to be revisited.
[Ericsson] No! We think that it is necessary to study and agree on large-scale channel parameters for sidelink without constraining the discussion to the hexagon grid as in [6]. 

For the channel between BS and UE (e.g., for the case a Macro BS is used as an RSU) we should consider using UMa channel.

[Toyota ITC] Yes, it can be a starting point. Further discussion is necessary whether we can use the same effective antenna height model (i.e., actual antenna height [m] – 1.0 m) used in UMi-Street Canyon [6] for V2V sidelink because the current effective antenna height model is not verified for the case that both Tx and Rx antenna heights are low (e.g., 1.5 m) and it cannot be applicable when the actual antenna height is below 1.0 m.
[Huawei] For urban scenario, the modified UMi street canyon model could be considered as a starting point. However, additional measurement results should be taken into account because the antenna placement is different in vehicle than in the case of pedestrian users. For scenarios other thatn urban canyon (e.g., highway scenario), UMi street canyon is not suitable any more.
[DCM] Yes, it can be a starting point. 

[Intel] Yes, we think it is the most relevant channel model for vehicular use cases among those adopted for NR evaluations. This model can be used as a baseline for further modifications including large and small scale channel parameters. Additional modifications needed to adopt this channel model for Manhattan grid layout (require separate discussion).
[Cohere] No! We think that the parameters should be re-evaluated based on latest V2V channel measurements that are available in peer reviewed literature (see e.g. R1-1717918).
[CATT] Yes, it can be a starting point for evaluation.

[ITRI] Yes, it can be a starting point
[Samsung] Yes

Issue #20) For below and above 6 GHz, is it necessary to introduce “vehicle blockage modeling” (e.g., penetration loss through cars or trucks, modified LOS probabilities, etc.)? If so, what is the detail of that modeling?
[LG] Yes, at least of above 6GHz. Our proposal is to apply additional loss to the pathloss equation if a TX-RX pair is blocked by other vehicle(s). The exact value of additional loss can be a function of the number of blocking vehicles. The details are FFS and we think that a representative value with a given number of blocking vehicles can be derived using the Blockage model B in [6].
[Yes] Yes, vehicle blockage modeling is needed. The blockage model A in [6] could be modified to capture the fast-moving blockers like vehicles. 
[FRAUNHOFER IIS]: A geometry based model considering cars or trucks between transmitter and receiver could be used at least for the positioning evaluation. For example, a worse performance for intra-lane measurements than for inter-lane measurements can be expected at least for non-adjacent vehicles.
[Ericsson] Yes! It is necessary and the model should include blockage effect due to moving objects, including self-blocking. The blockage for V2V can be modeled as an add-on feature to the current channel model. Blockage Model B in [6] can be used as a starting point for the discussion.

[Toyota ITC] Yes, it is necessary to introduce vehicle blockage modeling. For V2V above 6 GHz, vehicle blockage can be explicitly modeled based on the locations of Tx, Rx, and blocker vehicles that are located between Tx and Rx (e.g., the blockage model B in [6] (Sec. 7.6.4.2) with blocker parameters in [6] (Table 7.6.4.2-5)). For V2I for above 6 GHz, vehicle blockage is not modeled at least for the case that vehicles with rooftop antennas and RSU with sufficiently high antenna height (FFS: whether to apply the same assumption for vehicles with antenna height below the vehicle height).
[OPPO] Yes.

[Huawei] Vehicle blockage modeling is very important. It is necessary to introduce the NLOS state due to vehicle blockage (e.g. NLOSv in R1-1717916).
[ZTE] Yes, it is necessary for above 6GHz. The blockage model B in [6] can be used with some modifications.
[DCM] Yes, vehicle blockage model is necessary at least for V2V above 6 GHz. Impact of vehicle blockage is explicitly modeled, e.g., based on blockage model B in [6]. Vehicle blockage does not change LOS/NLOS state. As blockage model B in [6] is developed for UL/DL, several modifications are necessary. If simulation complexity is an issue, representative loss value due to blockage can be obtained by simplified simulation using blockage model B in [6]. In this case, how to decide blockage under NLOS state needs to be discussed.

[Intel] Yes. Simplified vehicle blockage should be considered, e.g. based on pathloss dependent on number of intermediate cars.
[Cohere] Using [6] as starting point for model is fine, but blocking loss have to be updated to reflect blockage by moving objects.
[QC] Modeling vehicle blockage can be considered. FFS between explicit (e.g. Blockage model B) and probabilistic method for modeling the same.
[CATT] Yes, at least for above 6GHz

[ITRI] Yes
[Samsung] Yes

Issue #21) For above 6 GHz, is it agreeable that the fast fading parameters of “UMi-Street Canyon [6]” with some modification (e.g., setting statistics of AoD/ZoD to be the same for V2V link) can be a starting point?
[LG] Yes, it can be starting point.
[IDC] Yes. 
[Ericsson] Yes! Also see comments on Issue #25 for Doppler.

[OPPO] Yes.

[Huawei]The parameter tables should be revisited based on the V2V propagation measurements. AoA should be similar to AoD, and ZoA should be similar to ZoD.
[ZTE] Yes
[DCM] Yes, it can be starting point.
[Intel] Agree. ZoD/ZoA characteristics may require additional analysis (e.g. due to specific antenna placements). 
[Cohere] No! same comment as in Issue #19

[QC] Yes, it can be used as the starting point for Sidelink communications. Further discussion is however needed for positioning use case (as in Section 2.3), and it may be desired to have a common model applicable to all use cases.
[Samsung] Yes

Issue #22) For above 6 GHz, can RAN1 agree to model “oxygen absorption” based on the model in [6]?
[LG] Yes, it can be agreed.
[IDC] Yes
[Ericsson] Yes! It can be agreed. 

[Toyota ITC] Yes, it can be agreed.
[OPPO] Yes.

[Huawei]Yes.
[ZTE] Yes
[DCM] Yes, it can be starting point.
[Intel] Yes. Prefer simplified modeling (e.g. carrier specific pathloss attenuation).
[Cohere] Yes.
[ITRI] Yes
[Samsung] Yes

Issue #23) For above 6 GHz, is it necessary to consider the impact of different vehicle antenna placement assumptions? E.g. if both “collocated” and “distributed” antenna cases are considered, then the LOS/NLOS probability and blockage modeling of the channel model should be different for different antenna placement assumptions. If so, what is the detail of that LOS/NLOS probability and blockage modeling?
[LG] Distributed antenna may be considered as a solution to the “self-blockage problem” where an antenna element at a location cannot cover the whole directions due to the blockage caused by the vehicle body. We provide a preliminary analysis in R1-1717291 and this shows that collocated antenna can be sufficient for below 6 GHz and can be used with antenna elevation for above 6 GHz. Given that there are many consideration aspects in distributed antenna (possible locations, cabling loss, implementation cost, etc), we propose not to make a model for distributed antenna in this study but consider later whether solutions designed for collocated antennas can be reused for distributed antennas.
[IDC] Both “collocated” and “distributed” antenna cases are to be considered. The LOS probability and blockage modeling could be different for different antenna placements. For distributed antenna cases, the antenna heights could be different. 

For example, some antennas may be placed on the vehicle top, with high antenna heights, large LOS probability and low blockage. Other antennas may be put on the vehicle bumper, with low antenna heights, small LOS probability and high blockage.

[Ericsson] Yes! It is necessary. Details of LOS/NLOS probability should be studied by the companies. The impact of antenna polarization on channel models should also be considered.

[Toyota ITC] Yes, both collocated and distributed antenna cases should be considered. The impact of self-blockage can be captured in antenna pattern.
[OPPO] We agree that both ‘collocated’ and ‘distributed’ antenna should be considered. For the distributed antenna, multiple panel transmission can be considered. And if the antennas are located at different position of the vehicle, additional blockage effect needs to be considered.

[Huawei]Yes, the antenna placement has a great impact on propagation characteristics. Therefore, it should be taken in to account. The placement might be on the vehicle roof, on the bumper, or the side mirror. The exact locations should be agreed with the car manufacturers.
[ZTE] Yes, it is necessary, both collocated and distributed antenna cases should be considered, the LOS/NLOS probability and blockage modeling of the channel model should be different for different antenna placement assumptions, FFS for the details.
[DCM] Yes, both collocated and distributed antenna cases can be considered. On the other hand, there is difficulty on the modeling of distributed antenna. After study of each company, we can decide whether to model distributed antenna.

[Intel] Details of channel modeling for distributed antenna should be separately discussed and will depend on antenna placement. For initial evaluations, collocated antenna system may be considered at least for sub 6GHz.
[Cohere] The possible locations on the antennas should be coordinated with the car manufacturers and their impact on the channel parameters should be evaluated.

[Samsung] collocated antenna is prioritized. 
Issue #24) For above 6 GHz, considering typical source of LOS blockage for sidelink in highways and on same street in urban, is it necessary to introduce an additional NLOS state -- NLOS due to vehicles, in addition to the “classical” NLOS (i.e., NLOS due to static object such as buildings)?
[LG] We think that the principle of introducing the additional NLOS state is basically the same as that of adding additional loss which is proposed in Issue #20. So the model proposed in Issue #20 can be sufficient.
[IDC] We do not need to introduce an additional NLOS state for vehicles. It could be covered by blockage model. 
[Ericsson] Yes, as captured in Issue #20. Besides, we need to make sure blockage due to static objects are correctly captured, especially for the Manhattan grid. It is also important to make sure the transitions between states (LOS, NLOS’s) occur in a consistent manner as the simulation evolves. Blockage Model B in [6] provides simple and physical modeling of such transitions and can be used as baseline for blocking by both static and moving objects.

[Toyota ITC] If we agree to use the blockage models in [6], blockage due to surrounding vehicles is already modeled and the blockage models in [6] assume that blockage does not change LOS and “classical” NLOS state of each link. Therefore, in that case, additional NLOS state due to vehicle blockage is not necessary.
[OPPO] Not necessary.
[Huawei] Yes.
[ZTE] It can be covered by the blockage model as proposed in Issue #20.
[DCM] Agree with LG.

[Intel] In general, the answer depends on antenna placement. Our understanding is that it should be covered by vehicle blockage. 
Channel propagation (K-factor, AoA, AoD, DS) are different in LOS and NLOS states. In this case, introduction of such OLOS state could be considered.
[Cohere] Either introduce a new state or increase the shadowing variance of the current model to reflect blockage by moving cars and trucks.
[CATT] Yes
[ITRI] Yes
[Samsung] model in #20 seems simpler. 
Issue #25) For above 6 GHz, the Doppler frequency shift will be an important parameter. It is a question how to model multiple Doppler effect due to moving Tx, moving Rx, and moving scatterers.
[LG] It can model “dual mobility” with using the same principle as in Rel-14.
[IDC] It needs further study. Sometimes, vehicles’ moving directions may be vertical.
[Ericsson] The method of modeling Doppler frequencies in [3] can be used as a starting point for modelling Doppler frequency for channel above 6 GHz.

[OPPO] “dual mobility model” in Rel-14 can capture the effect of Doppler frequency shift to some extent. It can be a start point.

[Huawei]Dual Doppler effect is very important to be modeled since both Tx and Rx may be moving at the same time. It can be calculated via simple geometry as follows.  
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Modelling of the moving scatterers (other vehicles) should be taken into account as well.
[DCM] “Dual mobility” model in Rel-14 can be used.

[Intel] The Doppler frequency shift caused by Tx and Rx nodes could be modeled with “Dual mobility” approach. The explicit modeling of moving scatterers adds complexity that is not justified.
[QC] Dual mobility should be modeled similar to R14/13/12.
[CATT] “Dual mobility” model in Rel-14 can be used.

Issue #26) For below and above 6 GHz, should more environments, beyond urban and highway, be introduced (e.g. rural and suburban)?
[LG] It seems that there is no strong motivation to introduce additional environments in addition to urban and highway.
[IDC] We may further consider the rural environments where the vehicle speed is low and vehicle density is low. Still, this could be considered with relatively low priority. 
[FRAUNHOFER IIS] We believe that urban and highway are the extreme scenarios. They also cover requirements for sub-urban and rural.
[Ericsson] No! We don’t see a need for more environments.

[OPPO] Not needed

[Huawei]: As evidenced by 2016 road safe statistics in Europe [*]: 55% road fatalities occur in rural roads, as compared with 8% for motorway and 37% for urban . From this perspective, it seems beneficial to model rural as well. On the other hand, modeling rural means additional channel modeling efforts and simulation efforts. We would like to hear the view from more companies However, in our opinion, it is crucial to mode rural, especially considering the percentage of rural accidents. Rural road may be quite similar as low density highway in terms of propagation modelling (open area, long straight road), but this is not the whole truth: rural roads may be very winding, and the accidents often happen in those conditions (narrow road, steep curve). Therefore, we cannot just copy the model from highway. Also, in addition to different road configuration (fewer lanes, winding roads), one key difference is that directions in rural are most often not divided, which means a different set of use cases applies (e.g., see-through is particularly relevant for rural).
[*] European Commission - Fact Sheet, “2016 road safety statistics: What is behind the figures?”, 28 March 2017.

[ZTE] No, the existing two environments are enough.

[DCM] No, current environments are sufficient.

[Intel] We do not see the necessity to introduce more environments. We can adjust Freeway and Urban deployment parameters (e.g. number of lanes, speed per lane if it is needed).
[Cohere] It is OK to stay with these two environments, but parameters need to be adjusted

[QC] Not needed

[Samsung] No
Issue #27) For below 6 GHz, can the following parameters in [1] for “channel model” be confirmed? Or is the new channel model introduced for above 6 GHz also used for below 6 GHz?
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Channel model
	Macro to/from vehicle/pedestrian UE : 3D UMa 

Between vehicle/pedestrian UE: V2X Channel model in [3]

RSU to/from vehicle/pedestrian UE : V2X Channel model in [3]
	Macro to/from vehicle/pedestrian UE: 

3D UMa for 500m ISD 

3D RMa for 1732m ISD (2D RMa may be used until 3D RMa is complete)

Between vehicle/pedestrian UE: V2X Channel model in [3]

RSU to/from vehicle/pedestrian UE : V2X Channel model in [3]


[LG] Yes, it can be confirmed but if justified, the new channel model in [6] can be considered as an additional option for below 6 GHz as this can cover below 6 GHz as well.
[IDC] Yes.
[Ericsson] No! The above table needs to be revised to include blockage, at least for the sidelink channel, as commented in preceding issues.

Note: Later on, if we have a channel model for above 6GHz that can be applied for below 6GHz we can consider using it if it is consistent with the model we have had for below 6GHz. 

[OPPO] Yes

	Channel model
	Macro to/from vehicle/pedestrian UE : 3D UMa 

Between vehicle/pedestrian UE: V2X Channel model in [3]

BS-type-RSU to/from vehicle/pedestrian UE : 3D UMa
UE-type-RSU to/from vehicle/pedestrian UE : V2X Channel model in [3]
	Macro to/from vehicle/pedestrian UE: 

3D UMa for 500m ISD 

3D RMa for 1732m ISD (2D RMa may be used until 3D RMa is complete)

Between vehicle/pedestrian UE: V2X Channel model in [3]

BS-type-RSU to/from vehicle/pedestrian UE : 
3D UMa for 500m ISD 

3D RMa for 1732m ISD (2D RMa may be used until 3D RMa is complete)
UE-type-RSU to/from vehicle/pedestrian UE : V2X Channel model in [3]


[Huawei]  For “cellular BS to vehicle”, reuse 38.901. For “vehicle to vehicle”, create new model (see green text in modified table above)
[ZTE] Yes
[DCM] Yes. The use of NR channel model [6] can be additionally considered.

[Intel] We prefer the unified channel model (at least for small-scale channel generation) for below and above 6GHz similar to the approach used for NR.
[Cohere] No! The models need to be revised for sidelink to at least account for blockage of other vehicles, and reflect updated measurements of delay spreads (see R1-1717918)
[ITRI] Yes
[Samsung] Yes

Companies are requested to provide comments on other topics related to the channel model if any:

[IDC] The large bandwidth and large antenna array model in 38.901 may be explored for eV2X.
[Toyota ITC] In reality, there are different types of vehicles with different vehicle heights (e.g., sedan, SUV, minivan, truck, bus), which affect blockage characteristics and potential solutions particularly for above 6 GHz. Therefore, for above 6 GHz, further discussion is needed on whether to consider vehicle UEs with different vehicle heights and the ratio of each vehicle type.
2.1.5. Antenna model
Issue #28) For below 6 GHz, can the following parameters in [1] for “antenna model” be confirmed?

	Parameters
	Urban grid for eV2X
	Highway for eV2X

	BS antenna height
	Macro BS: 25m 

BS-type-RSU: 5m
	Macro BS: 

35m for ISD 1732m

25m for ISD 500m

BS-type-RSU: 5m

	BS antenna element gain + connector loss
	Macro BS: 8dBi
BS-type-RSU: 8dBi 
	Macro BS: 8dBi
BS-type-RSU: 8dBi

	BS antenna configurations
	Number of BS antenna elements across all panels:

· Macro BS: Up to 256 TX/RX antenna elements

· BS-type-RSU: Up to 8 TX/RX antenna elements

BS antenna element gain pattern:

· Macro BS: Follow the modelling of [7]

· BS-type RSU: Follow the modelling of [7]

· Note: Further study if needed, e.g., vertical beamforming, vehicle-to-vehicle channel.
	Number of BS antenna elements across all panels:

· Macro BS: Up to 256 TX/RX antenna elements

· BS-type-RSU: Up to 8 TX/RX antenna elements

BS antenna element gain pattern

· Macro BS: Follow the modelling of [7]

· BS-type RSU: Follow the modelling of [7]

· Note: Further study if needed, e.g., vertical beamforming, vehicle-to-vehicle channel.

	UE antenna height
	Vehicle/pedestrian UE: 1.5m

UE-type-RSU: 5 m
	Vehicle/pedestrian UE: 1.5m

UE-type-RSU: 5 m

	UE antenna gain
	Vehicle UE: 3dBi

Pedestrian UE: 0dBi 

UE-type RSU: 3dBi
	Vehicle UE: 3dBi

Pedestrian UE: 0dBi 

UE-type RSU: 3dBi

	UE antenna configurations
	Number of UE antenna elements:

· Vehicle/pedestrian UE: Up to 8 TX/RX antenna elements 

· UE-type RSU: Up to 8 TX/RX antenna elements

UE antenna element gain pattern:

· Vehicle/pedestrian UE: Half spherically uniform distribution with upper direction

· UE-type-RSU: Half spherically uniform distribution with bottom direction

· Note: directional antenna pattern is not precluded. 

· Note: uniform antenna models should be used for 2-D channel models.
	Number of UE antenna elements:

· Vehicle/pedestrian UE: Up to 8 TX/RX antenna elements 

· UE-type RSU: Up to 8 TX/RX antenna elements

UE antenna element gain pattern:

· Vehicle/pedestrian UE: Half spherically uniform distribution with upper direction

· UE-type-RSU: Half spherically uniform distribution with bottom direction

· Note: directional antenna pattern is not precluded. 

· Note: uniform antenna models should be used for 2-D channel models.


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

Note: The values may be revised after discussions on antenna placement, etc., if any.
[LG] Yes, it can be confirmed.
[IDC] Yes. We may need to specify which Marco-BS parameters could also be used for BS-type RSU. 
[Ericsson] Yes! They can be confirmed except UE antenna configuration. 
[OPPO] Yes

[Huawei]: We think this can be a starting point. Furthermore, additional UE antenna heights of 0.5-0.75m (e.g., located on the bumper/side-mirror) and additional description of antenna placement can be considered. 

[ZTE] Yes

[DCM] Yes.

[QC] Yes, it can be confirmed
[CATT] Yes

[ITRI] Yes
[Samsung] Yes

Issue #29) For both below and above 6 GHz, can RAN1 agree to make an option for “collocated antenna case”? If so, what is the detailed antenna model?
[LG] Yes, it can be agreed.
[IDC] Yes, we may refer the antenna model in 38.901.
[Toyota ITC] Yes, in collocated antenna case, rooftop antenna is considered. Further discussion is needed on the antenna configuration.
[OPPO] Yes

[Huawei]: Yes. For instance, considering antenna location on car roof. Inputs from car OEMs on the detailed antenna model are encouraged.
[ZTE] Yes, it can be agreed.

[Intel] Collocated antenna case is considered.
[QC] Yes, collocated antenna can be considered.

[Samsung] Yes

Issue #30) For both below and above 6 GHz, can RAN1 agree to make an option for “distributed antenna case”? If so, what is the detailed antenna model?
[LG] As answered in Issue #23, it is preferred not to make a model for distributed antenna in this study but consider later whether solutions designed for collocated antennas can be reused for distributed antennas.
[IDC] Yes, we could make an option for “distributed antenna case”. The detailed antenna model could be further discussed. 
[FRAUNHOFER IIS] We share IDC’s view to have the distributed antenna case as an option.
[Toyota ITC] Yes, in distributed antenna case, antennas can be placed at rooftop, front and rear bumpers, front and rear corners, right and left sides, or combinations of these options. Further discussion is needed on the actual antenna placement and the antenna configuration.

[OPPO] “distributed antenna case” can be an option, especially for the case of above 6G Hz case. Detailed antenna model can be FFS. 

[Huawei]: Yes. For instance, considering possible antenna locations 1) roof, 2) side mirror, 3) door, 4) front and/or rear bumper and so on. Inputs from car OEMs on the detailed antenna model are encouraged.

[ZTE] Yes, multiple antennas can be deployed on a vehicle, especially for above 6GHz case, FFS for the detailed antenna model, e.g. the placement and the height of the multiple antennas and how to model the distance between the distributed antennas.

[Intel] Distributed antenna case is of interest to study but may be considered at a later stage once collocated antenna analysis is progressed. It needs to be further discussed how channel modeling should address both collocated and distributed antenna case.

[QC] Agree with LGE

[Samsung] agree with LG
Issue #31) For both below and above 6 GHz, can RAN1 agree to make an option for lower or higher UE antenna heights in addition to rooftop antenna with 1.5 m height?
[LG] We prefer having a single antenna height at least for the collocated antenna. If vehicles have different antenna height, the blockage effect caused by a single vehicle will appear differently in difference vehicles (severer blockage for transmitters and receivers with lower antenna height), which eventually makes the channel model too complicated.

[IDC] Yes, we think a lower (<1.5m) UE antenna height could be possible.
[Toyota ITC] For above 6 GHz, if we assume different types of vehicles with different vehicle heights (e.g., sedan, SUV, minivan, truck, bus), we need to consider different antenna heights at least for the rooftop antenna case. If we assume distributed antenna case, we need to consider lower antenna heights (e.g. 0.5 m).
[OPPO] Single antenna height can be baseline. More options can be considered in case “distributed antenna case” is introduced.

[Huawei]: We think at least additional UE antenna heights of 0.5-0.75m (e.g., located on the bumper/side-mirror) can be considered. Inputs from car OEMs on this issue are encouraged.
[ZTE] Yes, for distributed antenna case, the antennas could be deployed in front and rear sides of the vehicle and a lower antenna height should be considered for these cases.

[Intel] Prefer single antenna height. 

[QC] Consider single antenna height.
[CATT] Prefer single antenna height.

[Samsung] Prefer single antenna height at least for collocated antennas
Issue #32) Is it necessary to send an LS to 5GAA to ask feedback?
[LG] It is okay to communicate with other organizations (5GAA, SAE C-V2X technical committee, etc) to get their comments and the topic doesn’t need to be limited to the antenna issues. However, more preferable way is to provide them with the established evaluation methodology (e.g., the approved TR) and ask their feedback. 

[IDC] We may send an LS to 5GAA for feedback.
[Ericsson] Yes! Regarding V-UE antenna model/configuration, RAN WGs will not have all the expertise to model the realistic configuration without the input from vehicular manufacturers. For instance, discussion on the location, density and placement of the antenna panels should be discussed with the vehicular industry. Therefore, we think that RAN or RAN1 should write an LS to 5GAA to get the relevant input and also stating the reply deadline (e.g. within the eV2X evaluation methodology SI) that falls within the revised timeline of SID (RP-170837). Based on the input, RAN4 can develop an appropriate model. Furthermore, we believe that such model should be valid for both below and above 6GHz (LTE and NR). Nevertheless, this should not prevent discussions in parallel.

Note: This reply refers to the above mentioned Issues 29, 30 and 31.

[OPPO] Agree

[Huawei]: Yes, 5GAA feedback would provide valuable information as many members of 5GAA (especially car OEMs) are not highly involved in 3GPP discussions.
[ZTE] Yes, we share the same view as Ericsson, it is necessary to send an LS to 5GAA.

 [Intel] Prefer to discuss within 3GPP and come up with possible options. Once list of possible options is identified we can ask for feedback from 5GAA. The input from 5GAA is welcome if such discussions are already in place.
[QC]: In general, we are fine to communicate with 5GAA. However, to avoid unnecessary confusion, RAN1 must limit the questions scope related to vehicle OEM and try to avoid questions related to physical aspects of communications for which 3GPP has more expertise. We can decide what to send to 5GAA on a case by case basis.
[CATT] Yes, it’s fine to send LS to 5GAA.

[Samsung] agree with LG
Companies are requested to provide comments on other topics related to the antenna model if any:
2.1.6. Traffic model

Issue #33) Is it necessary to introduce “randomized periodic traffic” where message generation interval and/or message size randomly vary in each message generation? If so, how to model this?
[LG] In our understanding, messages for Advanced Driving or Extended Sensors can be generated periodically or non-periodically. For example, if the message delivers information for maneuver coordination or raw sensor data, fixed generation interval and size can be assumed. However, if the message delivers a number of detected objects, its generation interval and size vary in time, e.g., as per the message generation rule in ETSI TS 103 324. So we propose to build a traffic model where the message generation interval and the message size are random variables that can change in time. The following message generation framework is used and we can make several options for the set of the following parameters based on different SA1 requirements.
· When a vehicle generates a message at time t, the next message is generated at time t+X where X is a random variable in the range [X_min, X_max].

· X_min and X_max corresponds to the minimum and maximum of the time between two consecutive messages.

· Setting X_min = X_max means strictly periodic case.

· The message size is given by Y‘=A + B*Y where Y a random variable in the range [0, Y_max].

· A means the size of the default information and Y implies the number of detected objects each of which has the size B.

· X and Y are generated independently in each message (i.e., no time correlation) for simplicity.

[IDC] It is preferred to have a randomized periodic traffic model. The details need to be further studied.
[FRAUNHOFER IIS] It is important to understand the need and use-cases for a “randomized periodic traffic” model. Our understanding is that random event triggered traffic can appear (e.g. considering probability for crossing lanes) and it requires a periodic transmission for a certain duration with:

· random (for every different event type) period

· random (also for different event types) duration in terms of slots.
Hence, we need to define for some specific events such a behavior. Yet, it can be an extension of “event-triggered traffic”.
[Ericsson] No! We do not see the need and the use case relevant to the “randomized periodic traffic” i.e. large variation in packet size and arrival time. The only thing, we think, is necessary to model on top of periodic traffic is the Jitter model i.e. small (bounded) variations in packet arrival time. This can be done by assuming either uniform or Gaussian (truncated) distribution. Furthermore, missed packets can be modeled with probability ‘p’ on top.  

[Toyota ITC] We propose to assume a single traffic model that covers Advanced Driving and Extended Sensors, where the traffic of each use case is modeled by changing parameters, e.g., average packet size and average inter-packet arrival time. We propose to define traffic parameters for each use case based on [R.5.3-002 – R.5.3-005] in [5] and Section 5.10 – 5.11 in [4]. Jitter of inter-packet arrival time and/or randomness of packet size needs to be considered.

[Huawei]: We are supportive of introducing the “randomized periodic traffic” but we think all such non-deterministic traffic are triggered by certain events, and therefore would be proper to be incorporated/ categorized into “event-triggered traffic” listed in Issue #34). Detailed modeling is provided in #34).

[ZTE] No, it is not necessary to introduce “randomized periodic traffic” where message generation interval and/or message size randomly vary in each message generation. We propose to introduce a traffic model called “periodic FTP2 traffic”, maybe small variations in in packet size and arrival time. The packet size is much larger than that of el-R14 UE, so that each packet may occupy several TTIs to transmit.

[DCM] We basically agree with LG. Degree of randomness and its distribution (e.g., uniform, Gaussian) needs to be carefully discussed.

[Intel] The traffic model proposed by LGE above can cover multiple traffic scenarios and can be used as a starting point for discussion to model periodic and aperiodic traffic with fixed and variable packet size. Further discussion is needed on the model parameters and potential prioritization of possibly different parameter settings. Further analysis is needed to decide on whether X and Y are generated independently and whether there is any spatial and time correlation for these parameters.
[QC]: We designed R-14 for safety messages and utilized periodic traffic pattern. However, NR is supposed to advance use cases which can have randomized traffic. Agree with LGE proposal.

[Samsung] is it enough to use event-trigger model? Seems only difference is distribution of packet arrival, uniform or Poisson, packet size variable or fixed. Maybe we adopt variable packet size for event trigger model. 
Issue #34) Is it necessary to introduce “event-triggered traffic” where a UE starts to generate messages when a certain condition or requirement is met? If so how to model this?
[LG] Under the assumption that the randomized periodic traffic model (Issue #33) is introduced, randomness of message arrival time is already included in the traffic model. So we don’t see strong need to have event-triggered traffic model.
[IDC] Yes, it is preferred to introduce “event-triggered traffic”, which is aimed to model a different type of traffic. 
[FRAUNHOFER IIS] The “event-triggered traffic” can be seen as the previous model when the period is 0 and the duration is until e.g. the file is transmitted. Hence, this is simply a modification of the FTP3 model if not mapped to physical positions on the layout.
[Ericsson] Yes! It is important to considered such traffic. The modeling can be done using randomized packet arrival e.g. according to Poisson process. 

[OPPO] Yes
[Huawei]: Yes. In 5G V2X, we think event-triggered traffic is distinguished from Rel-14 event-triggered traffic by its non-periodic nature. Two variants can be considered in regard to event types and traffic volume:
Variant #1: Safety-related events, large traffic volume
· Scenario: Collision/risk avoidance

· Supporting use cases in SA1 TR 22.886: 

· 5.6  Collective perception of environment (triggering event: imminent collision)

· 5.9  Cooperative collision avoidance (CoCA) of connected automated vehicles (triggering event: collision risk)

· 5.16 video data sharing for assisted and improved automated driving (VaD) (trigger event: visual range obstruction)
· 5.20 Emergency trajectory alignment  (triggering event: unexpected road conditions such as road blocks)

· Possible model: Based on FTP Traffic Mode 3 in 36.872. Packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue.
Variant #2: Vehicle maneuver events, small traffic volume
· Scenario: Cooperative maneuver among automated vehicles

· Supporting use cases in SA1 TR 22.886: 

· 5.23 Cooperative lane change (CLC) of automated vehicles (triggering event: lane change)

· Possible model: Packets of 300Bytes or 12KBytes with one-shot transmission or few repetitions (latency-sensitive)
[ZTE] Yes, it is preferred to introduce “event-triggered traffic”.

[DCM] If sufficient randomness can be modeled in periodic traffic, event triggered traffic may not be necessary.

[QC]: Yes, it can be considered. However, it can be modeled as part of randomized traffic pattern.
[CATT] Yes. It could introduce additional event-trigger traffic, and in this traffic, it need model  when and where it is triggered and revoked, and also the traffic model after trigger event.
[Samsung] Yes

Issue #35) Is it necessary to introduce “deterministic periodic traffic” which has no randomness in the message generation interval and message size like the Rel-14 periodic traffic pattern? If so, how to model this?
[LG] Deterministic periodic traffic can be a special case of the proposed model in Issue #33.
[IDC] We may not need to introduce this traffic type. 
[FRAUNHOFER IIS] For periodic transmission:

· We also share LG’s and IDC’s view that Issue #35 is a subset of issue #33 when the period is fixed for every UE and the probability of having an event is 100%. However, it is important to convey our vision for this deterministic periodic traffic:

· For periodic transmission, we may define an initial packet transmission (Packet 0) followed by a number of packets during a fixed time interval; the time spanning between the packets and packet sizes need to be discussed further. 
· For periodic transmission, we need to stress that every UE has a random starting point in time.
· Broadcasting might be of FFS
[Ericsson] Yes! The modeling should be same as in Rel.14.
[OPPO] We think it may be needed, especially considering existing of pedestrian in the system.

[Huawei]: Yes. But periodic traffic in 5G V2X is likely to be distinguished from Rel-14 periodic traffic by shorter message generation interval and larger message payloads. According to SA1 TR 22.886, message generation interval will be in the order of 20ms, with the shortest interval being 10ms (use case 5.5 Automated cooperative driving for short distance grouping). In addition, message payloads would normally be in the same order as Rel-14, i.e., 50-1200 bytes. 
[ZTE] Yes, the deterministic periodic traffic can be a special case of periodic FTP traffic as we proposed in Issue #33.
[DCM] Agree with LG. Whether to simulate deterministic periodic traffic needs to be discussed.

[QC]: It is special case of randomized traffic model. 
[CATT] Yes. Message generation interval and message size are set according to SA1 TR 22.886.

[Samsung] Yes

Issue #36) Is it necessary to introduce other traffic models (e.g., MBB).
[LG] From the SA1 requirements, we currently don’t see need to introduce other traffic models.
[FRAUNHOFER IIS] We believe that a high data rate scenario MBB, a URLLC, and massive access traffic model should be considered.
[Ericsson] Yes! MBB traffic should be considered and solutions should also be evaluated considering it. This is necessary for eV2X use-cases like 3D video composition, local dynamic map sharing, tethering via vehicle, collective perception of environment with bursty MBB-like traffic where a certain data rate (e.g. 25 Mbps or so depending on use-case). 

MBB-like traffic can be modelled using FTP traffic model 2 with updated values on file sizes, reading time and burst length etc. 
[OPPO]Not necessary
[Huawei]: Yes, some eMBB-like traffic type may be needed for remote driving services.
[ZTE] We propose a traffic model called “periodic FTP2 traffic” (modified FTP2 traffic model), maybe small variations in in packet size and arrival time. The packet size is much larger than that of R14 UE so that each packet may occupy several TTIs to transmit. This traffic model is different with period traffic defined in 36.885 and at least the PRR calculation of them are different.
[DCM] Extended sensor will be a sort of eMBB traffic. So it should be considered. However, if it is FTP traffic based model, we don’t have strong motivation to simulate in eV2X.

[QC] Not necessary
[Samsung] NO
[Sony] Yes. MBB traffic will be necessary.
Companies are requested to provide comments on other topics related to the traffic model if any:
[DCM] When simulation bandwidth is smaller than aggregated system bandwidth, necessary scaling needs to be applied .

2.1.7. Performance metric
Issue #37) Is it agreeable to include “PRR” as a performance metric? If so, what is the view on the following points?
[LG] Yes, it can be agreed.
[IDC] Yes, it is preferred.
[Ericsson] Yes! PRR should be the primary metric for reliability evaluations. Alt 1 can be confirmed for safety related use-cases and Alt 2 can be considered for use-cases such as platooning where only subset of vehicles are relevant for certain information reception. When it comes to Q3, we do not see the need of it as already stated as a response to Issue#33.
[Toyota ITC] Yes, it can be agreed.

[OPPO] Yes

[Huawei]: Yes.

[ZTE] Yes
[DCM] Yes.

[Intel] Yes, PRR can be used as a performance metric for all types of communication (e.g. broadcast, groupcast).
[QC] Yes
[CATT] Yes

[ITRI] Yes
[Samsung] Yes
[Sony] Yes

· Q 1. Is it agreeable to confirm “Alt. 1” (in [85-15] and RAN1#86) at least for the broadcast-type use cases?
[LG] Yes, it can be confirmed. We think that Alt. 1 can be the baseline as Advanced Driving and Extended Sensors in [4, 5] are mostly considering messages that need to delivers to all the vehicles within the target range.
[Toyota ITC] Yes, it can be agreed.
[Huawei]: Yes. 
[DCM] Yes.
[CATT]Yes

[Samsung] Yes

· Q 2. What use case will be evaluated with “Alt. 2” (in [85-15] and RAN1#86)? And how to determine a subset of UEs in “Alt. 2”?
[LG] Alt.2 can be used as supplementary metric. For example, the intended set of receiver UEs in Alt. 2 can be defined as those in the same LOS/NLOS state in order to check the performance in different link conditions. For another example, the set of receivers can be pre-determined in order to see the performance of message delivery to a closed group of UEs, e.g., in vehicle platooning. This pre-determined set of UEs can be defined as the UEs within a given distance and/or number of hops from a chosen UE. We also note that transmission to a pre-determined set of UEs may not be limited to vehicle platooning; in see-through case, for example, messages may need to be delivered to the UEs within one or a few hops behind the transmitter. 
[Toyota ITC] For above 6 GHz, Alt.2 can be used to evaluate the performance for LOS/NLOS links with or without blockage. Therefore, a subset of UEs are determined based on LOS/NLOS and blockage states.
[Huawei]: This performance metric is at least applicable for V2X use cases that require unicast transmissions, e.g. platooning. It can be defined as the number of correctly received packets over the number of total generated packets on a specific link. In addition, the per-link PRR can also be used for groupcast transmissions.
[ZTE] In our perspective, both PRR and throughput can be used to count “successful reception” of packets whose message size can change in time. PRR can represent packet level successful reception and throughput can represent bit level successful reception. For example, for a transmit link of Tx UE, three packets are transmitted and the sizes of them are S1, S2, S3. If the second packet fails to decode. Then the PRR is 1/3, but throughput is (S1+S3)/T. Where T is the time spent from the begin of S1 and end of S3.

[DCM] Agree with LG.
[CATT] This performance metric is at least applicable for unicast communication and group communication. UEs in the subset are the UEs relative to the evaluated events which are various according to different use cases.

[Samsung] Agree with LG
· Q 3. How to count “successful reception” of packets whose message size can change in time (related to Issue #33)?

[LG] In addition to “packet level reception ratio,” it can consider the “object level reception ratio.” For example, Vehicle 1 transmits three messages, each of which contains B1, B2, B3 objects respectively. If Vehicle 2 successfully receives the first and third messages but fails to decode the second one, the “object level reception ratio” at Veh2 becomes “(B1+B3)/(B1+B2+B3).”
[Huawei]: We think there is no need to differentiate message sizes in calculating successful reception statistics. The “successful reception” should be counted from message perspective rather than from TB perspective.
[QC] No need to differentiate based on packet size

[CATT] “successful reception” is not influenced by message size.
Issue #38) Is it necessary to consider additional metrics other than “PRR”? If so, what are the details of those metrics?
[Ericsson] Yes! Below is our thinking on different metrics and use-case mapping.

For safety applications:

PRR can be used to evaluate reliability and latency. PRR should be calculated taking into account the latency budget. This can then be represented as CDF of ‘average PRR over latency’ as well as ‘PRR over distance for a certain latency budget’. Also, we need to discuss the need of measuring  persistent collisions as well and whether the ‘received inter-arrival spacing’ can be used as a metric for this purpose. 

Furthermore, coverage is another metric to consider and can be defined as a maximum coupling loss to fulfill the reliability/latency requirements. 

For non-safety applications:

Throughput should be considered as the main evaluation criteria. 

[Cohere] Throughput should be considered. Also, when evaluating PRR, the payload sizes and data rates should be set to values that support specific communication scenarios, and should take into account the latency and reliability requirements associated with the specific scenario. 
· Views on the metric related to latency

[LG] We think that the latency will be reflected as in Rel-14, i.e., a packet will be considered failed if it is not delivered within the maximum latency requirement.
[IDC] We may want to consider latency, especially for the URLLC scenario. 

[FRAUNHOFER IIS] We should discuss different latency metrics to evaluate:

· PHY layer and user-plane access latency (including processing, potential retransmission)

· L2/L3 and control-plane latency

· Throughput and packet download time with reduced latency (different file sizes)

· Handover latency (cross cells and cross zones) including resource acquisition and synchronization latency. 

· Grant acquisition and efficient resource allocation latency

Additionally, different numerologies need to be considered and different mini-slot durations needs to be acquired from the URLLC discussions

[OPPO] We think it is necessary. 

[Huawei]: 
Latency: After the requirements are fulfilled, the real latency can be provided further.
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.
[QC]: Similar to R-14, PRR is sufficient.

· Views on other metrics related to reliability
[LG] No other reliability metric seems needed.
· [FRAUNHOFER IIS] We see a need for different metrics of reliability, e.g.
· End-2-end reliability

· Group transmission and coverage reliability

· Maximum reliability duration (durability or availability)
[OPPO] PRR is enough.
[QC]: Similar to R-14, PRR is sufficient.
[CATT] PRR is enough, with the consideration of group communication, the PRR with the interested UEs shall be considered in group communication, e.g. platooning operation.
· Views on the metric related to persistent collision
[LG] To evaluate “consecutive message loss,” we can consider “PIR (Packet Inter-Reception)” which was discussed during Rel-14 [3].
[Toyota ITC] We think that PIR may not necessarily be a good metric to evaluate persistent collision. For example, suppose that a receiver successfully receives packets from a specific transmitter with 100ms PIR for the first 1 sec but failed to receive packets consecutively for the next 10 sec (i.e., PIR = 10 sec) due to persistent collision. In this case, 90-percentile PIR is 100ms despite 90% of “time”, packets are not received consecutively. Therefore, employing PIR as a metric may lead to wrong interpretation of results.

Instead of PIR, we propose to consider “packet elapsed time (PET)” or “information age (IA)”:
· Option1: 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 2: 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).
PET and IA are more useful and intuitive than PIR. For example, in PET and IA, what 90-percentile value means is that 90% of “time”, measured data samples are less than or equal to 90-percentile value. This is because of the fact that in the PET/IA case, data samples are generated uniformly in time regardless of inter-packet reception time. On the other hand, in the PIR case, such interpretation is not possible because data samples are generated non-uniformly in time due to dependency of inter-packet reception time. Therefore, the proposed metrics are more useful and intuitive than PIR to evaluate persistent collision.
[OPPO] Yes. That can reflect the efficiency of sensing/selection scheme.

[Intel] Yes, persistent collisions can be analyzed. We are open to analyze metrics discussed above.
[Samsung] Yes, a metric is needed
· Views on the metric related to throughput

[LG] We think that “PRR” and “object level reception ratio” can reflect the throughput.
[OPPO] we think it is necessary..
[Huawei]: A throughput metric is needed for certain high data rate V2X services (e.g., extended sensor). Throughput metrics defined in 36.814 can be the baseline.
[ZTE] At least for periodic FTP2 traffic (as proposed in Issue#33 by ZTE). Throughput should be considered. Details of calculation of throughput is FFS.

[QC]: PRR is sufficient.
[Samsung] we think PRR is enough
· Views on any other metrics
[Toyota ITC] We propose to consider additional performance metrics in order to evaluate the performance of Advanced Driving and Extended Sensors. Indeed, sensor sharing from multiple vehicles with different sensing views can improve the sensing performance. However, PRR in Alt.1 and Alt. 2 cannot directly measure such performance. Therefore, additional metrics (e.g., the ratio of the number of detected objects, position tracking error, sensor coverage area, etc.) should be considered as follows.

· The ratio of the number of detected objects is defined as the ratio of the number of detected vehicles to the total number of vehicles within certain range.

· Position tracking error is defined as, for vehicles within certain range, the error between the object’s true location and the receiver’s perception of the object’s location, where the receiver extrapolates the object’s location at each time stamp (e.g., using the location, speed, heading information in the most recently received message and using a constant-speed, constant-heading coasting model).

· Sensor coverage area is defined as, for the region within certain range on the road where vehicles can drive, the area of the obstacle-free region that can be viewed through local sensors and high definition sensor sharing (e.g., camera, LIDAR), normalized by the total area of the obstacle-free region.

[Huawei] Mobility interruption time is needed to be evaluated together with latency and reliability metrics if Uu link is used to guarantee the achievable latency and reliability.
[DCM] Although radio layer performance is a major KPI in RAN1, performance of Extended Sensors may not be correctly evaluated because there are multiple transmitter vehicles sharing object information of certain vehicle. KPI described by Toyota ITC would be good starting point. 
Companies are requested to provide comments on other topics related to the performance metric if any:
2.2. Link level simulation assumptions 
Issue #39) Is it agreeable that the assumption for SLS needs to be used (for LLS) if available and the parameters related to solutions need to be clarified by each company?
[LG] Yes, it can be agreed.
[IDC] Yes.
[Ericsson] Yes! It can be confirmed. 
[Toyota ITC] Yes, it can be agreed.
[OPPO] Yes

[Huawei]: Yes.
[ZTE] Yes, it can be agreed.
[DCM] Yes

[Intel] Yes, it is agreeable and aligned with current practice.
[Cohere] Yes

[QC]: Yes
[CATT] Yes

[ITRI] Yes
[Samsung] Yes

Issue #40) Is it agreeable that the following parameters from Ericsson (R1-1715092) are the baseline list needs to be clarified in Issue #39?
[LG] Yes, it can be agreed.

[IDC] Yes.
[FRAUNHOFER IIS] Yes, it can be agreed.
[Ericsson] We think, these parameters are important to mention by companies while presenting link-level evaluation results.
[Toyota ITC] Yes, it can be agreed.
[OPPO] Yes

[Huawei]: We think the following additional parameters need to be included in the list as well:

· Phase noise model
· Rank per UE
[ZTE] Yes, it can be agreed.
[DCM] Yes

[Intel] Yes, it is agreeable.
[Cohere] Yes. System related parameters on this list should be agreed as common parameters for evaluation (e.g. carrier frequency, packet size, channel model), and implementation related parameters should be provided as part of proposed solutions (e.g. waveform, SCS, UE receiver algorithm).
[Samsung] Yes

· Carrier frequency

· Channel model (e.g. fast fading model)

· PHY packet size

· Channel codes (for control and data channels)

· Modulation and code rates (for control and data channels)

· Signal waveform (for control and data channels)

· Subcarrier Spacing 
· CP length
· Frequency synchronization error

· Time synchronization error

· Channel estimation (e.g. DMRS pattern and symbol location)

· Number of retransmission and combining (if applied)

· Number of antennas (at UE and BS)

· Transmission diversity scheme (if applied)

· UE receiver algorithm

· AGC settling time and guard period

· EVM (at TX and RX)

Companies are requested to provide comments on other topics related to the link level simulation assumptions if any:
2.3. Additional assumptions to evaluate vehicle positioning
Issue #41) Is it agreeable that the simulation assumptions for “vehicle positioning” reuse those for ”message delivery in Section 2.1”? If not, what specific parameter(s) need to be changed?
[LG] Yes, it can be agreed.

[FRAUNHOFER IIS] Yes, it can be agreed.
[Ericsson] Yes! It should be agreed.

[OPPO] Yes

[Huawei]: The simulation assumption in section2.1 can be reused.
[ZTE] Yes, it can be agreed.
[Intel] Yes, it is desirable to reuse as much as possible. In case if some parameters deemed non-essential for communication analysis, but important for positioning these parameters need to be separately defined.
[QC] Additional system level assumption for vehicle positing needed include:

· System level assumptions

· V2I (with I = UE-type RSU) and V2V, focus on V2I

· Focus on urban scenario

· RSU drop need to be discussed (e.g., on cross sections and lamp posts on side of roads)

[Samsung] Yes

Issue #42) Is there any simulation assumptions that need to be additionally defined only for vehicle positioning?
[LG] We think that “actual propagation delay depending on UE location” and “minimum time-domain resolution according to the sampling rate” needs to be reflected in the simulations. 

[FRAUNHOFER IIS] Detailed interference modeling is necessary, also inter-vehicle interference.
[Ericsson] We do not foresee any at this point of time. However, if required, it can be additionally defined later.

[Huawei]: Parameters for the used positioning signal should be indicated in the simulation assumptions.
[Intel] Yes. Propagation delay, signal bandwidth, sampling rates are one examples.
[QC] Additional link level assumption for vehicle positing needed include:

· Tx and Rx UE clock errors 

· Tx and Rx UE clock drifts 

· Tx and Rx group delay at the UE (e.g., known to the UE (calibrated) and need to be compensated in the ranging procedure)

Further, we need to consider the large bandwidth aspect, as the current SCM model may not adequately model the PDP within a cluster. This may not be important for Sidelink communication, but more for vehicle positioning.

[Samsung] We still need the pattern for position reference signal
Issue #43) Will RAN1 introduce a performance metric for positioning error/accuracy? If so, what is the detailed definition?
[LG] Yes, we propose to consider CDF of positioning error of each vehicle.
[FRAUNHOFER IIS] Evaluation of error for 1D, 2D, 3D is needed to reflect all use-cases, e.g. platooning, advanced driving. For 2D and 3D we propose to evaluate the positioning error w.r.t global coordinates and local coordinates within a group of vehicles/UEs.
[Ericsson] Yes! Positioning accuracy/error metric needs to be defined. Exact details need to be discussed.
[Huawei]: 
1. Time (difference) of arrival estimation accuracy of the first path of the reference signal (ToA or RSTD) if companies chose to use ToA based positioning method. Companies are requested to describe which reference signal is used. The ToA/RSTD estimation accuracy is defined as the measured value related the ideal value.
2. Positioning accuracy in meter in CDF (statistics of all the vehicles over a given area)

3. Positioning latency (time between location request and location response or L1 measurement time)

[ZTE] Yes, a performance metric for positioning error/accuracy is needed.

[ESA] Both horizontal and vertical absolute positioning (e.g. multi layered roads) accuracy should be considered.

[Intel] Yes, CDF of absolute or relative positioning error (different positioning error components can be separately analyzed) and timing estimation error.
[QC] Following metrics can be considered:

· Link level performance metrics

· CDF of ranging error

· System level performance metrics

· CDF of error in absolute position

[Samsung] absolute position error and relative position error
Issue #44) Will RAN1 introduce a performance metric for latency? If so, what is the detailed definition?
[LG] As the vehicle speed and the required positioning accuracy are high, it would be useful to consider the latency in acquiring the position of each vehicle. The latency metric can be defined as time between the start and completion of position acquisition procedure.

[FRAUNHOFER IIS] Some use cases involving mobility imply latency requirements, e.g. autonomous emergency braking. A detailed definition of start and completion time is needed, i.e. completion time could be defined as the time by which the consumer of the positioning result is able to react according to the use case.
[Huawei]: Latency can be introduced as one metric. It can be defined as the time between location request and location response. L1 measurement time is another option. The L1 measurement time can be derived based on how many subframes of positioning signal are needed in order to make the L1 measurement accurate enough.
[Intel] Latency can be considered as a performance metric (e.g. acquisition time and location update time can be analyzed)
[Samsung] Since cars are moving fast, I guess positioning should be done by one-shot, right? In this case, latency can be easily estimated, i.e. half of the period of PRS on average. Seems latency doesn’t need a separate metric. 
Issue #45) Is it necessary to model non-3GPP solutions in the evaluation?
[LG] No need to evaluate it in RAN1. Information obtained from non-3GPP solutions can be taken into consideration at application layer, e.g., to adjust vehicle position obtained from 3GPP solution.
[FRAUNHOFER IIS] In [4,8] strict requirements on the positioning performance have been formulated. It is for discussion, if a RAT dependent solution can be self-sufficient for vehicle positioning. If not, the detailed contribution of the RAT dependent component to the overall positioning result needs to be discussed and performance requirements should be formulated. In [4,8] only requirements on the fused position estimate are stated. In line with issue #32 it is an option to clarify this question with 5GAA.
[Ericsson] We think that it should be decided at RAN level and is out-of-the-scope of RAN1 discussion.  

[Huawei]: Evaluation of the accuracy of non-3GPP solutions is not in the scope of 3GPP, thus it is not necessary to model this aspect.
[ESA] We agree with F-IIS and Ericsson. The points raised by F-IIS could be discussed at RAN, together with the relation to a future NR Positioning SI.
[Intel] Evaluation of standalone 3GPP solutions is needed. Combination with non-3GPP technologies (e.g. GNSS technologies and various error models for non-3GPP technologies) is considered.
[QC] Not needed

[Samsung] No
Companies are requested to provide comments on other topics related to the additional assumptions to evaluate vehicle positioning if any:
[FRAUNHOFER IIS] If DL/UL based positioning solutions are to be considered as well, the relation to a future “Study on NR Positioning Support” should be clarified.
[ESA] If DL/UL, E-CID, etc., are to be included in the simulations, GNSS being the only absolute and globally available technology, should be considered too. Again, we agree with F-IIS that the relation to a future Study on NR Positioning Support should be clarified in order to understand up to what extent 3GPP and non – 3GPP technologies will be covered.
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