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1. Introduction
According to the new SID (RP-170837) on 3GPP V2X Phase 3, the objective of this email discussion is to identify the topics and collect companies view for the eV2X evaluation methodology in [1][2] including the following aspects:
· Evaluation scenarios including performance metric, vehicle dropping, traffic model
· Sidelink channel model for spectrum above 6 GHz

[Ericsson] We think that it is important to clarify that these assumptions serve as a baseline for developing technical solutions. Study of the feasibility of the services/use cases identified by SA1 in [4] and fair comparison of various technologies may require modifications to the assumptions.

2. Discussion on evaluation methodology
2.1. System level simulation assumptions 
2.1.1. Evaluation scenarios
[CATT] It is necessary to decide what evaluation scenarios to be evaluated. Similar as Rel-15, there should be mixed scenarios and additionally one certain scenario should include not only different traffic models, but also interested receiving UE groups (reflected in PRR) and etc. The structure of discussion example is listed as below:
· Evaluation scenarios (examples)
· Mixed scenario A: for one use case, traffic model 1 and 2, PRR with subset 1 and PRR with subset 2 (similar as Rel15)
· Mixed scenario B: include periodic traffic model and event-triggered traffic model
· Mix scenario C: for use case 1 (e.g. platooning) and use case 2 (e.g. road safety), traffic model 1 and traffic model 2, PRR with subset 1 and PRR with subset 2
[QC] In our view, focus for evaluation should be on NR UEs / traffic without co-channel sharing with R-14 and R-15 traffic/UEs. Of course, the co-channel coexistence with LTE should be considered in the design, and (if needed) separate evaluation can be done related to that study.
· The following parameters for below 6GHz are captured in [1] but not agreed/captured for above 6GHz except “BS/UE receiver noise figure” and “UE receiver”.
[LG] The parameters captured in [1] except “UE receiver” are confirmed for below 6 GHz.
[Ericsson] The parameters listed below have been agreed and captured in [1] for below 6GHz and we think that they also hold true for eV2X evaluation methodology for V2X phase 3. Furthermore, [1] already captures “BS/UE receiver noise figure” for above 6GHz and “UE receiver” which should be followed for eV2X evaluations.  
[QC] The parameters in [1] can be confirmed for sub-6 GHz, expect further discussion needed on UE receiver assumption on interference cancellation (MMSE-IRC) receiver.
· Carrier frequency
[LG] For above 6 GHz, we think that this parameter can be defined as below. It is noted that the final decision of carrier frequency is pending on the plenary discussion.
· 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
[Ericsson] For below 6 GHz, we believe that we should continue using frequencies as in [3]. For above 6 GHz and for macro BS and BS-type-RSU to/from vehicle/pedestrian UE, 30GHz 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).  
[Intel] In terms of carrier frequency, we propose to use the following parameters from table below:
	
	Macro BS -UE
	UE-UE
	BS Type RSU –UE
	UE Type -RSU - UE

	< 6GHz
	2 or 4GHz
	6 GHz
	4GHz
	6 GHz

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


Note that this table is for evaluation purpose only and actual carrier frequencies to be used for V2X/ITS services can be adjusted based on regulatory decisions.
[Toyota ITC] For above 6GHz, we propose to assume 30 GHz for downlink and uplink and 60 GHz band for sidelink. 60 GHz band for sidelink is chosen by taking into account the fact that 63-64 GHz is designated for ITS in Europe.
[CATT]
For below 6GHz: 4GHz/6GHz (Note: the values for evaluation do not mean non-ITS band is preclude for real deployment for sidelink)
For above 6GHz: 
· UU transmission including macro BS – UE and BS-type-RSU- UE: 30GHz, 40GHz, 70GHz
UU transmission mainly depends on potential frequency bands allocated to IMT-2020. In current study, frequency bands include 24.25GHz -27.5GHz, 31.8GHz -33.4GHz, 37GHz -43.5GHz, 45.5GHz -50.2GHz, 50.4GHz -52.6GHz, 66GHz -76GHz, 81GHz -86GHz. Representative frequencies selected by self-evaluation are 30GHz and 70GHz, which can also be evaluated by V2X. 
· Sidelink transmission – wait till conclusion from RAN discussion
It is not clear enough which carrier frequency can be a candidate. It mainly depends on regulatory. One safer way is to take the same representative frequencies (30GHz, 40GHz, 70GHz) as those for UU transmission, at least which are studied for IMT-2020 towards WRC19. Otherwise, it needs to wait till conclusion from RAN discussion.
[DOCOMO] For UL/DL, carrier frequency defined for UMa in [1] is reused, i.e., 4 GHz and 30GHz. For SL carrier frequency above 6 GHz, 60 GHz can be used for simplicity.
[QC] For sub-6 GHz, we should use 6GHz for sidelink. For mmWave, starting point can be 60 / 63 GHz for sidelink and can be adapted based on RAN-P email discussion. It is also important to note that in 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). We think there is potential for ITS usage in this new band so NR V2X (phase 3) should take this possibility into account for study.
[bookmark: _GoBack][Cohere] Below 6 GHz: 
· 4 GHz for communication to/from Macro BS and BS-type RSU
· 6 GHz for sidelink type communication
Above 6 GHz: 
· 30 GHz for communication to/from Macro BS and BS-type RSU
· 60 GHz for sidelink type communication

· Aggregated system/simulation bandwidth
[LG] For above 6 GHz, we think that these parameters 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 additional value for the simulation bandwidth of “SL”. This is because it can be necessary to use almost the whole system bandwidth (i.e., 100 MHz in [1]) depending on use case (e.g., sending large-size packets using broadcast for sensor sharing). 
· 10, 20, 100 MHz per CC (SL) 
[Ericsson] 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). 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. 
[Intel] Use the following parameters:
· Aggregated system bandwidth
	
	DL/UL
	SL

	< 6GHz
	Up to 200 MHz (DL+UL)
	Up to 100 MHz (SL)

	≥6GHz
	Up to 1 GHz (DL+UL)
	Up to 1-2 GHz


· Simulated system bandwidth
	
	DL/UL
	SL

	< 6GHz
	200 MHz (DL+UL)
	≥40 MHz
Single CC system bandwidth or Aggregated system bandwidth in case of multiple CCs

	≥6GHz
	800 MHz (DL+UL)
	≥400 MHz
Single CC system bandwidth or Aggregated system bandwidth in case of multiple CCs


Note: SL simulation bandwidth should be the same as system bandwidth to properly cover IBE and Half-Duplex effects. We are open for reduced DL/UL simulation bandwidth if proposed design options do not affect DL/UL performance.
[Toyota ITC] For aggregated system bandwidth for above 6GHz, we propose to assume up to 1 GHz for downlink+uplink and up to 1 GHz for sidelink.
[CATT]
Aggregated system bandwidth would consider two aspects: required data rate from use cases and possible bandwidth in practice. There are a number of use cases, e.g. Information sharing for full automated platooning (requires bandwidth of 1.72GHz), Information sharing for full automated driving (requires bandwidth of at least 3.5GHz) and Video data sharing for automated Driving (requires bandwidth of at least 4.63GHz), requiring pretty high bandwidth for high data rate. We do not think it is possible for cases below 6GHz.
Aggregated system bandwidth:
· Below 6GHz: up to 50MHz
· Above 6GHz: up to [5GHz]
Simulation bandwidth per carrier somehow depends on decision on minimum BW UE supported. It is not decided in NR study for both below and above 6GHz. It would be better to wait till there is any decision from RAN4.
Simulation bandwidth:
Below 6GHz: wait till decision from RAN4 in NR study
Above 6GHz: wait till decision from RAN4 in NR study
[DOCOMO] For above 6 GHz, following parameters are used
· For UL and DL, aggregated bandwidth and simulation bandwidth are aligned with UMa in [1].
· For SL, aggregated bandwidth is up to 1 GHz for above 6 GHz and simulated bandwidth to be further discussed.
· Maximum transmission bandwidth needs RAN4 decision.
· Wider bandwidth for simulation is preferable considering transmission bandwidth dependent PSD assuming fixed transmission power in total. Impact of half duplex constraint is also bandwidth dependent. However we have a concern on simulation complexity. Further check on the feasible bandwidth in terms of simulation complexity is required.
· Contrary to FTP traffic model for typical system level simulation, traffic volume of V2X is not adjusted based on target resource utilization. Therefore in case of narrower simulated bandwidth than aggregated bandwidth, scaling of traffic volume needs to be discussed. Number of transmitter UE or transmission periodicity can be adjusted.
[Samsung] larger BW than LTE BW should be additionally studied. E.g. up to 1GHz BW for above 6GHz and at least 40MHz for below 6GHz. 
The above large BW can be realized by either a single wider BW or aggregated carriers. However, it is quite time consuming to model quite high data rate accurately, so a simplified model can be considered. 

[QC] For sub-6 GHz, sidelink aggregated BW of 100MHz (and up to 160 MHz for vehicle positioning) and simulation BW of up to 100 MHz (and up to 160 MHz for vehicle positioning) can be assumed (with single CC BW of up to 40MHz). 
· BS/UE Tx power
[LG] For above 6 GHz, we think that these parameters can be defined as below. It is noted that the final decision of UE Tx power is pending on the plenary discussion.
· 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 for 30 and 60 GHz
[Ericsson] We share the same thinking as that of LG on BS/UE Tx power for 30GHz together with the EIRP limitations considering the regulatory requirements. However, for 63-64GHz and/or 76-81GHz, RAN decisions should be considered. In general, we should strive for alignment in assumptions with that in [1] (e.g., 21 dBm Tx power for 70 GHz, etc.).
[CATT]
Below 6GHz: 23dBm maximum for UE simulation. Note: it does not form any limitation to power allocation study for carrier aggregation.
Above 6GHz: [23dBm] maximum for UE simulation. (Square brackets: wait for decision on study in NR RAN4) Note: it does not form any limitation to power allocation study for carrier aggregation.

· BS/UE receiver noise figure
[LG] The parameters captured in [1] are confirmed for above 6 GHz.
[Ericsson] We share the same thought as that of LG. 
[Intel] Use the following parameters:
	
	Macro BS
	BS Type RSU
	UE
	UE Type RSU

	< 6GHz
	5 dB
	5 dB
	9 dB
	9 dB

	≥ 6GHz
	7 dB
	7 dB
	13 dB
	13 dB



[CATT] The parameters captured in [1] can be confirmed for below and above 6 GHz.
[DOCOMO] Same understanding as LG.
· UE receiver
[LG] This can be discussed further as a part of technical solutions.
[Ericsson] [1] captures MMSE-IRC as the baseline for the UE-receiver and we should follow the decision. 
[Intel] Use basic receiver structure (e.g. MMSE-IRC) to simplify initial system evaluation and design. Advanced receiver structures are considered and taken into account in the system design and requirements at a later stage.
[CATT]What captured in [1] can be confirmed, i.e. MMSE-IRC as baseline
[DOCOMO] Baseline receiver needs to be defined, e.g., MMSE-IRC. Advanced receiver is considered as a part of technical solutions.
[Cohere] The receiver cannot be determined before technical solutions are presented, since different technical solutions may require different receivers. Companies should provide the proposed receiver as part of their proposed technical solution. 

· The following parameters for below and above 6GHz are in [3] but not agreed during NR SI.
· In-band emission 
[ZTE] Above 6GHz: The in-band emission model should consider co-existence of multiple numerologies.
[LG] RAN4 progress on UE emission in NR WI is necessary for the final assumption. Rel-14 assumption can be used as temporary parameters until then.
[Ericsson] Co-existence of multiple numerologies can be ignored in first phase of evaluation discussion and can be discussed later as a part of technical solutions. We think that Rel.14 assumptions can be reused as a temporary solution only for 6GHz and LTE-like design. Furthermore, for accurate in-band emission model for both below and above 6GHz, RAN1 should seek guidance from RAN4. 
[Intel] RAN4 input is needed for final confirmation. Open to consider tentative model to trigger initial evaluations. For low band, LTE numbers can be used as a starting point.
[CATT] It is necessary to send LS to RAN4 for detailed in-band emission modeling above 6GHz, which may be impacted by multiple access scheme, numerologies, channel structure design and so on. Without that, there will not be clear and valid evaluation.

[Huawei] Apply LTE in-band emission requirement for NR Sub-6GHz MPR studies as defined in TS 36.101 clause 6.5.2.3 until NR Sub-6GHz in-band emission requirement is agreed
[QC] RAN4 input will be helpful, however RAN1 can reuse the LTE IBE model till RAN4 progresses on IBE model for NR UEs.
· Synchronization (i.e., time and frequency error)
[LG] RAN4 progress on UE synchronization error in NR WI is necessary for the final assumption. Rel-14 assumption can be used as temporary parameters until then.
[Ericsson] We think that Rel.14 assumptions can be reused as a temporary solution only for 6GHz and LTE-like design. For accurate modelling of synchronization errors, RAN1 should seek guidance from RAN4. 
[Intel] It is OK to take LTE numbers for initial analysis. Numbers can be revised at a later stage based on RAN4 input.
[CATT] UE synchronization error below 6GHz can reuse Rel14. It is necessary to send LS to RAN4 for detailed UE synchronization error above 6GHz. Without that, there will not be clear and valid evaluation.
[QC] Reuse LTE numbers, and revisit (if needed) based on RAN4 progress.

2.1.2. UE drop and mobility modeling
· The parameters for below and above 6GHz are captured in [1] with the tentative value of inter-vehicle/pedestrian distance.
[ZTE] The parameters and models captured in [1] do not cover all the four groups of use cases for the objective of the SID (RP-170837) that was categorized as: vehicles platooning, extended sensors, advanced driving and remote driving. So, further considerations are necessary to expand the UE drop and mobility modeling for the additional use cases.
[LG] It is desirable to avoid excessive number of simulation scenarios. We propose in the study to focus on the extended sensors and advanced driving in [4, 5] which are also related to the 6 use case prioritized in 5GAA (Intersection movement assist, Software update, Realtime situational awareness and high definition map, See through, Cooperative lane change for autonomous vehicles, vulnerable road user detection). We note that the requirement of vehicle platooning is generally relaxed compared to these two use cases in the SA1 outcome, so a solution that supports these two cases can be applied to the platooning use case. The remote driving needs to use unicast Uu interface on which some progress on the low latency and high reliability is being made in NR WI, so it would be good to consider this use case after such aspect is made clearer.
[Fraunhofer IIS]
UE dropping:
· For UE dropping, in our understanding, we believe we need to specify different droppings for different scenarios. We do also believe that for extended sensors and advanced driving we shall start with a single UE dropping model.
Mobility model
· Similar to the UE dropping, we understand that one mobility model for the extended sensors and advanced driving should be sufficient to avoid extending the number of simulation scenarios. E.g., a car-following model is suitable for both and can also be adapted to the platooning use-case.
· We are also interested that the mobility model considers vehicles communicating while moving in opposite directions or crossing the lanes.
[Ericsson] We believe that UE drop and mobility model can be quite different for different use-cases such as platooning and extended sensor sharing. At the same time, we agree that excessive number of simulation scenarios should be avoided. Therefore, one or two representative UE dropping and mobility models should be defined covering most of the use cases. 
Regarding the models and values captured in [1], we think that it is necessary to revise them (e.g., inter-pedestrian distance, etc.). 
[Intel] The Rel14 LTE V2V UE drop could be used with some modifications:
· Vehicle dropping can be reused from LTE. In case if sophisticated channel modeling is considered e.g. blockage modeling RAN1 needs to discuss car dimensions (blocker/screen). Minimum distance between vehicles needs to be defined in that case. In addition, the increased vehicle density (decreased MTAD) can be used. It is desirable to keep limited number of deployment scenarios for evaluation (e.g. not more than two).
[Toyota ITC] In this study, we propose to prioritize Advanced Driving and Extended Sensors defined in [4, 5]. So, it would be good to define the UE dropping and mobility model by taking into account those use cases.
[CATT] Current description captured in [1] cannot well cover all use case groups mentioned in SID. At least, the following aspects need to be added:
-Add platoon-type dropping: inter-distance between cars is normally shorter than non-platoon cases, that is different from the current UE dropping
- UEs are dropped on the roads according to the Poisson process.
- If there is any UE transmission power higher than 23dBm (so far, CATT does not think there will be transmission power higher than 23dBm in UE simulation. But it will wait for the final decision in RAN4), simulation area size (route configuration values) for wrap-around should be enlarged
[DOCOMO] We also believe that extended sensor and advanced driving are prioritized use cases. UE dropping in TR36.885 can be reused for the two use cases and remote driving. Shorter inter-vehicle distance compared to TR36.885 can be considered only for platooning. 
[Samsung] OK to reduce the number of models for UE dropping.
One question is shall we assume all the UEs running same services with quite stringent requirements? We think the answer should be ‘NO’. Just one example, it is not practical that all UEs are running V2X use cases with 1Gbps data rate in an area.  
Based on the above observation, we prefer to model multiple types of UEs with different services in the simulation. In general, x% of UEs are running the traffic mostly interested, while other UEs are running background traffic. The modeling and performance collection of background traffic can be simplified. 
Taking platooning as example, we may model one or multiple platoons of cars which is our interest, and multiple other individual cars as background. The existing UE dropping/mobility is enough for an individual car. However, for platooning, more parameters of a platoon are needed, e.g. inter-car distance, number of cars, mobile speed, omnidirectional or directional transmission, power setting, etc. further, traffic model maybe also different for cars in a platoon and other individual cars. 
[Huawei]: We think additional UE drop and mobility modeling are needed for certain V2X services. For instance, 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

In addition, coordinated maneuver message exchange among automated vehicles are likely to occur frequently for advanced driving use cases. It would seem appropriate to introduce additional UE dropping and mobility modeling for such purpose. Taking cooperative lane merge for example, the following aspects seem relevant:
· Road layout with passing and merging lanes
· Vehicle distribution for both passing and merging traffics
· Requesting and responding vehicle association
· Introduction of potential background traffic (lane-merge irrelevant)

Finally, we note that the 3GPP V2X Phase 2 WI may consider additional UE dropping and mobility modeling. It would be reasonable to consider these model if any. 

[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. 

2.1.3. BS and RSU deployment
· The parameters for below and above 6GHz are captured in [1].
[ZTE] According to the different propagation property of below 6GHz (LF) and above 6GHz (HF), different deployments may apply to HF BSs and LF BSs. For example, HF BSs may have smaller ISD. So, the parameters for BS and RSU deployment captured in [1] (same as LTE V2X) should be only for below 6GHz, and FFS for above 6GHz.
[LG] On the deployment of “Macro BS”, the parameters captured in [1] are confirmed for below and above 6 GHz. For the UE-type-RSU, the assumptions in [1] are confirmed for below 6 GHz but, 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. 
[Ericsson] For macro-BS, the parameters in [1] are used for both below and above 6GHz. For RSU deployment, we do not see the need to increase the deployment density based on the frequency. RSUs are normally deployed considering road-site infrastructure and deployment efforts/cost rather than the propagation aspects. Furthermore, we believe that from RAN evaluation perspective, RSU deployments do not have any technical impact on the solution choice.   
[Intel] In Freeway scenario, assume Macro BS ISD = 500/1732m. RSUs are deployed with inter-RSU distance of [100] m on different sides of the road. In Urban scenario, assume Macro BS ISD = 500 m. RSUs are deployed at road intersections and additionally on the streets (different densities can be evaluated).
[Toyota ITC] For above 6 GHz, further discussion on the RSU density is needed by considering higher path loss for above 6 GHz and target use cases.
[CATT] Still under our considerations. More comments would be provided in future.
[DOCOMO] Deployment parameters in [1] are confirmed. We think RSU density is independent of carrier frequency. RSU is road side infrastructure dedicated for ITS and it is used for spot communication. Also, its density will be bounded by deployment cost. Therefore it should be OK if there are certain area where connection to RSU is not available. 
[Samsung] Existing parameters of macro BS can be reused. RSU density of 100m in freeway scenario seems enough, while RSU density in urban scenario can be increased in above 6GHz case. 
One clarification on definition of eNB type RSU. Is it a logical entity at eNB (assumed in Rel-14 V2X) or it can be a physical entity at road side or intersection? We have the question since it looks a reasonable deployment that there are RRHs at road side or intersection, which communicates with UE by Uu not by sidelink. 
[Huawei]: We think additional BS and RSU deployment should be considered for above 6GHz (e.g., according to [1]). Specifically, if new UE drop and mobility modeling is introduced or the propagation conditions above 6GHz demand it, new BS and RSU deployment may be introduced as well.

[QC] Macro-BS deployment can be reused from [1]. Further discussion needed for UE-type RSU, including deployment for vehicle positioning use case.
2.1.4. Channel model 
· The following parameters for below 6GHz are captured in [1] but not agreed for above 6GHz. 
[LG] The parameters captured in [1] are confirmed for below 6 GHz. A new channel model based on [6] needs to be made for above 6 GHz as detailed below. As the channel model in [6] can cover below 6 GHz as well, this new channel model can also be used as an additional option for below 6 GHz.
[Intel] It is desirable to align (use common) channel modeling framework for below and above 6GHz as much as possible. The TR 38.901 is reused to define common framework for evaluation in low and high band.
[DOCOMO] For UL/DL, 5GCM [6] will be reused. For sidelink channel model above 6 GHz, channel model can be developed based on [6] as much as possible.
[Cohere] The current approach of modeling only "urban" and "highway", and furthermore using mostly the same parameters for these environments, does not reflect the variety of characteristics that have been measured by a variety of institutions (see e.g. [7] and [8]). A larger variety of environments (Beyond urban and highway) needs to be investigated in particular for mm-wave systems, as, e.g., scattering from sparesely parked cars in suburban environments makes this different from either urban or highway. More information will be provided in the future.

· Large-scale channel parameters (e.g., pathloss, shadowing, etc.)
[LG] For above 6 GHz, signal blockage by intermediate vehicles needs to be modeled. Given that the system level simulation will drop multiple vehicles in the layout, we propose to adopt the explicit blockage modeling in [6] by taking the vehicles that are located between the transmitter and receiver as blockers.
[Intel] Further discussion and analysis is needed whether explicit blockage as defined in TR 38.901 is used for V2V channel modeling (simulation complexity / consistency with LTE V2V channel). Simplified solutions to take into account vehicle obstruction (e.g. include vehicle attenuation into pathloss equation) can be considered.
For above 6GHz, in Urban scenario a new V2V channel model needs to be established as TR 38.901 does not specify pathloss model for Manhattan Grid deployment.
[Toyota ITC] For sidelink for above 6 GHz, the path loss model of UMi-Street Canyon in  [6] with modified antenna height can be a starting point of discussion. Vehicle blockage needs to 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). Oxygen absorption can be modeled based on the model in [6] (Sec. 7.6.1). Impact of self-blockage can be captured in antenna pattern.
[DOCOMO] For sidelink above 6 GHz, the pathloss model is based on UMi in [6] with modified antenna height. 
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. The blockage model will be applied to V2V based on sidelink operation using above 6 GHz. For other cases, blockage is not modeled considering higher antenna height of RSU and base station. 
[Huawei] The signal blockage by intermediate vehicles needs to be modeled. The additional impact by vehicle might be different in LOS and NLOS case, i.e. whether the line-of-sight is blocked by vehicle only, or by a building and a vehicle. Therefore, in addition to LOS and NLOSb (blocked by a building), blockage by vehicle(s) (“NLOSv”) needs to be considered. Companies are encouraged to provide measurement results on different eV2X scenarios and use cases, and to verify whether the additional blockage by vehicle is needed to be modeled in the case of NLOSb+NLOSv. Path loss needs to be adjusted for V2V links in freeway and urban grid scenarios. 
[QC] For sub-6GHz, we can reuse the LTE pathloss models for LOS and NLOS. We can additionally consider modeling vehicle blocking.
[Cohere] We agree that the signal blockage by other vehicles needs to be modeled. In addition to [6], measured values available in the literature should be used for both <6 and > 6 GHz. 

The sidelink model in [6] is based on very few measurements. Additional existing measurements need to be taken into account for the pathloss.

More information will be provided in the future.

· Fast fading parameters
[LG] For above 6 GHz, we think that the NR channel model of “UMi-Street Canyon [6]” can be reused with some modification (e.g., changing antenna height and setting statistics of AoD/ZoD to be the same for V2V link).
[Intel] The UMi Street Canyon channel model (from TR 38.901) can be modified for small scale V2V channel modelling below and above 6GHz carrier frequency cases. The following features specified in TR 38.901 can be additionally considered: “Spatial consistency”, “Large bandwidth and large antenna array” modeling, “Oxygen absorption”, “Correlation modelling for multi-frequency simulations”
[Toyota ITC] For sidelink for above 6 GHz, further study is necessary on whether modifications are needed for fast fading model/parameters.
[Ericsson] We should differentiate between the cellular and sidelink (i.e. V2V) channel models. Regarding cellular channel models, we think that it is reasonable to consider the channel models defined in [6] for all frequency ranges. However, for sidelink channel model, it is necessary to introduce an appropriate model. We believe that it is good to strive for single channel model for all the frequencies (i.e. below and above 6GHz). 
[CATT] For above 6GHz, the following at least need to be (re)modeled:
- Block model because of truck, barrier and so on
- Modified LOS/NLOS probability
- Penetration loss (through cars or trucks)
- Ratio of high loss and low loss
[DOCOMO] UMi in [6] can be reused for sidelink above 6 GHz with some modification. Further discussion is required to identify the necessary modifications.
[Samsung] channel model defined in TR 38.901 can be used. For below 6GHz, LTE channel model should be evaluated since it is a basis to know gain of NR V2X over LTE V2X.  
[HW] The fast fading parameters might need to be updated for the urban grid as well as freeway scenario. Additionally, antenna locations in a car may be very different from the antenna locations of conventional UEs. The impact of antenna location on delays and angles should be studied in both urban grid and freeway. The correlation of possible multiple antenna panels needs to be studied according to antenna placement on vehicle. Also, the multiple Doppler effect due to moving Tx, Rx, and scatterers needs to be modeled.
[QC] 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. Nonetheless, a common fast fading model is preferred and further discussion is need on this aspect. UMi Street Canyon model [38.901] can be used as the starting point and we can make the required modifications for vehicular case (dual  mobility, antenna heights, equal angular spread on both Tx/Rx) and large bandwidth.

[Cohere] We agree with Huawei that the Doppler effect due to moving scatterers has to be evaluated.

2.1.5. Antenna model
· The following parameters for below 6GHz are captured in [1] but not agreed/captured for above 6GHz except “BS/UE antenna height”.
[LG] The parameters captured in [1] are confirmed for below 6 GHz.
[Samsung] For above 6GHz, more antenna elements needs to be modeled at UE and UE type RSU, including the number of panels, and number of antenna elements in each panel. One more issue is shall we assume all antenna elements are deployed at the same location or different locations on a car?
[Huawei]
· BS antenna model keeps in line with A.2.1 in TR38.802, which describes general assumption for system simulation.
· UE antenna model mainly reference A.2.1 in TR38.802, and added description of antenna pattern position and facing direction.

· BS/UE antenna height
[LG] The parameters captured in [1] are confirmed for above 6 GHz.
[Ericsson] We think that some parameters captured in [1] need to be revised (e.g., height of BS-type RSU vs BS) for both below and above 6GHz.
[Intel] Use the following parameters
	
	Macro BS
	BS/UE Type RSU
	UE

	< 6 GHz
	Freeway: 35 m
Urban: 25 m
	5 m
	1.5 m (e.g. above rooftop or near rooftop placement)

	≥ 6 GHz
	Freeway: 35 m
Urban: 25 m
	5 m
	1.5 m (e.g. above rooftop or near rooftop placement)



[Toyota ITC] For sidelink above 6 GHz, further discussion is needed on whether to consider vehicle UEs with different vehicle heights (e.g., normal car, truck/bus) because it is related to blockage.
[DOCOMO] The parameters captured in [1] are confirmed for above 6 GHz. Antenna heights, e.g., different vehicle height and antenna installed on bumper, is additionally considered. Input from automotive manufacturer is demanded for prioritization of possible options. 
[Huawei]
For above 6GHz:
· BS antenna height: 25m for Urban and Freeway 
· Note: keep in line with Table A.2.1-1 in TR38.802 for Dense urban, and Urban macro Scenarios (above 6GHz is not considered for Rural in the table);
· UE antenna height 1.5m (located on the roof of cars). Additional UE antenna heights of 0.5-0.75m (e.g., located on the bumper/side-mirror) can also be considered

· BS antenna element gain (+ connector loss)/configuration
[LG] On “Macro BS antenna element gain/configuration”, we think that the value for above 6 GHz in Table A.2.1-4 [1] can be the baseline. Further discussion is necessary on “RSU antenna element gain/configuration” for above 6 GHz.
[Intel] Antenna parameters for (M, N, P, Mg, Ng) from TR.38.802 need further discussion for all types of nodes. For pedestrian UEs in low band number of antenna elements needs to be reduced.
[Huawei]
For above 6GHz:
· BS antenna element gain: 8 dBi, keep in line with Table A.2.1-6: 3-Sector BS antenna radiation pattern for above 6GHz
· BS antenna configuration: follows Table A.2.1-4 in TR38.802

· UE antenna gain/configuration
[LG] In high frequency band, signal transmitted from the antenna of a vehicle may be blocked by its vehicle body in some direction unless the antenna height is sufficiently high (which may not be feasible depending on the vehicle design aspects). As a solution to this problem, in addition to collocated antenna configuration, we propose to consider the distributed antenna configuration where a vehicle has multiple antenna groups each of which is placed in different location [R1-167932]. Here, it needs to have further discussion on the location and number of panels and the number of antenna elements per panel.  
[Ericsson] 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 propose that RAN or RAN1 write an LS to 5GAA to get the relevant input and also stating the reply deadline (e.g. RAN1#91) that falls within the 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.
[Intel] Both distributed and collocated antenna configurations can be evaluated. Antenna placements and configurations require separate discussion. Antenna settings may need to be reflected in channel modeling (e.g. modification of large scale/small scale parameters).
[Toyota ITC] For above 6 GHz, further discussion is needed on UE antenna configuration because it is related to blockage. Possible antenna locations are: 1) rooftop, 2) front and rear bumpers, 3) front and rear corners, and 4) combinations of the options 1)-3). Also, further discussion on the number of UE antenna elements is needed.
[CATT] At least further check UE antenna element gain below and above 6GHz. More comments would be provided in future.
[DOCOMO] As centralized antenna placement will be suffered from additional loss due to self-blockage for sidelink operation, both centralized antenna placement and distributed antenna placement can be considered. Input from automotive manufacturer is demanded for prioritization of possible options.
[Huawei]
For above 6GHz:
· UE antenna element gain: HPBW=90 degrees, directivity: 5dB
· UE antenna configuration: 
· dH=dV=0.5λ, (M, N, P) = (2, 4, 2), (2, 4, 1), (4, 4, 1), (2, 2, 2) and (1, 4, 2)
· Note: Additional UE antenna configurations with M and/or N larger than 4 can also be considered.
· Antenna pattern position and facing direction:
· [bookmark: OLE_LINK29]Option 1: 4 antenna panels, facing front, rear, left and right, respectively;
· Option 2: 4 antenna panels, facing front, rear, left and right, respectively + 1 antenna panel facing gNB


2.1.6. Traffic model
· The periodic traffic parameters for below and above 6GHz are tentatively captured in [1].
[ZTE] According to the use cases in TR 22.886, the packet sizes can be 6500Bytes, and non-periodic transmissions should be also supported. Therefore, some other traffic models other than periodic traffic should be included.
[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.
[Fraunhofer IIS]
For aperiodic (triggered) transmission: 
· We agree with LG and ZTE to consider a triggered-like traffic model (as in TR 28.886) with a random generator with random packet sizes and message arrival times. E.g., we can consider ftp3/2 model which also fits short TTI (if reduced latency is required). 
· In our understanding, the traffic model may vary as mobility model does (e.g., considering probability for crossing lanes and opposite direction communication together with the packet sizes and inter-arrival times)
For periodic transmission:
· For periodic transmission, we may define an initial packet followed by a number of packets within 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 on that every UE has a random starting point in time.
[Ericsson] In general, we think that it is important to also consider other traffic models than safety (e.g., MBB, telematics, video streaming for V2X applications, etc.)
In addition, we agree that in addition to periodic traffic model, aperiodic traffic (e.g. DENM messages) also needs to be considered. However, for “periodic traffic model” we do not see the need and the use case relevant to varying packet sizes considering the eV2X use cases described in [4]. To model the more realistic traffic, we may include occasional jitters and unexpected missed arrivals in periodic traffic. For “aperiodic traffic model”, we should strive for a random packet inter-arrival model. Furthermore, to simplify the RAN evaluations and eventually making the solution choice easier, we propose to have as minimum traffic models (i.e. packet sizes and arrival models) as possible and still representing majority of eV2X use cases.  
[Intel] TR 22.886 defines multiple traffic patterns that require further discussion and generalization for RAN1 studies. Periodic (quasi-periodic) traffic with fixed latency bounds is one of the dominant traffic models identified in TR 22.886 and should be considered with priority including randomized packet size and packet arrival rate. Packet size is dependent on number of detected objects on the road and may have spatial correlation across vehicles. High rate traffic is also of interest for analysis but can be considered at a later stage.
[Toyota ITC] We propose to assume a single traffic model that covers sensor sharing and driving intention sharing, 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 (detail is FFS). Mixed traffic of sensor sharing and driving intention sharing also needs to be considered. If congestion control is applied, traffic pattern (e.g., average inter-packet arrival time) needs to be modified according to congestion control during the simulation.
[CATT] Current description captured in [1] cannot well cover all use case groups mentioned in SID. At least, the following aspects need to be added:
-Add additional event-trigger traffic for mixed scenario
· model when and where it is triggered and revoked
· model traffic model (a part of periodic cases) after trigger
- A number of new periodic traffic models according to new use cases to be evaluated
· e.g. period 10ms, transmission frequency: 100Hz, packet size: 1200 bytes for use case on Automated Cooperative Driving for Short distance Grouping.
[DOCOMO] Although there can be both periodic and event-triggered traffic, we suggest to prioritize periodic traffic in the system level simulation because periodic traffic is dominant traffic. For periodic traffic, jitter in inter-packet arrival time and/or randomness in packet size needs to be modeled considering that realistic traffic is neither periodic nor fixed packet size. Packet size and transmission periodicity can be defined based on [R.5.3-002 – R.5.3-005] in [5] and Section 5.10 – 5.11 in [4]
[Samsung] In accordance with section 2.1.2 UE dropping/mobility, multiple types of services can be defined for the multiple types of UEs. E.g.
· Background traffic: period is [100] ms
· Interested traffic: different set of parameters for platooning, advanced sensor/driving. 
[Huawei]: For NR V2X, we think V2X traffic can be mainly characterized by two types: (1) periodic traffic and (2) bursty traffic. 

[bookmark: _Toc477500033]Periodic traffic in NR V2X is likely to be distinguished from Rel-14 periodic traffic by shorter message generation interval and larger message payloads. According to SA1 TR 22.885, 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, but could also be as large as 6500 bytes in certain cases. 

Bursty traffic in NR V2X is likely to be triggered by certain events, lasting for a short time period, 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
0. Scenario: Collision/risk avoidance
0. Supporting use cases in SA1 TR 22.886: 
1. 5.6  Collective perception of environment (triggering event: imminent collision)
1. 5.9  Cooperative collision avoidance (CoCA) of connected automated vehicles (triggering event: collision risk)
1. [bookmark: _Toc468111460]5.16 video data sharing for assisted and improved automated driving (VaD) (trigger event: visual range obstruction)
1. 5.20 Emergency trajectory alignment  (triggering event: unexpected road conditions such as road blocks)
0. 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.

	Parameter
	Statistical Characterization

	Size, S
	2Kbytes, 90Kbytes, 0.875Mbytes, 1.25 Mbytes

	Reading Time, D
	Exponential Distribution, Mean = 10ms

PDF:  λ = 100



Variant #2: Vehicle maneuver events, small traffic volume
0. Scenario: Cooperative maneuver among automated vehicles
0. Supporting use cases in SA1 TR 22.886: 
4. 5.23 Cooperative lane change (CLC) of automated vehicles (triggering event: lane change)
0. Possible model: Packets of 300Bytes or 12KBytes with one-shot transmission or few repetitions (latency-sensitive)

[QC] Traffic model should consider the use cases of advanced driving and extended sensors with randomized (over time) message size, rate, and periodicity. 
2.1.7. Performance metric
· The parameters for below and above 6GHz are agreed (in [85-15] and RAN1#86) but not captured in [1][2].
[ZTE] The parameters agreed and captured in [85-15] and RAN1#86 do not cover all the four groups of use cases for the objective of the SI (RP-170837), which means that some other key performance indicators (e.g. throughput) should be included.
[LG] We think that Alt. 1 (i.e., (1-Y) is simulated as PRR (packet reception ratio) within a specific range as defined in [3]) 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. Alt. 2 (i.e., (1-Y) is the packet reception ratio calculated on a subset of UEs) can be considered as an additional metric if deemed suitable in some scenarios. An issue in relation to our comment about the traffic model is how to count “successful reception” of packets whose message size can change randomly, e.g., whether to treat errors of different packet sizes equally or not. In addition, we propose to consider the necessity of a metric which can capture “consecutive message loss,” e.g., PIR which was discussed during Rel-14 [3].

[Fraunhofer IIS] 
In our understanding, for V2X low latency evaluation, we need to define certain latency KPIs i.e., for instance, we may consider KPIs similar similar to the sTTI TR 36.881.
[Ericsson] For eV2X use cases described in [4], we need to evaluate latency (considering persistent collisions and retransmissions) and throughput as well in addition to the reliability (e.g. PRR) and the coverage. Also, we believe that the exact KPIs to measure should be considered carefully to capture true system performance. 
[Intel] On top of PRR metrics, considerations mentioned by LGE need to be analyzed. Additional performance metrics can be introduced and are subject to further discussion on use cases and evaluation scenarios.
[Toyota ITC] For driving intention sharing, Alt. 1 (i.e., PRR within a specific range) in [85-15] and RAN1#86 is used. For sensor sharing, both Alt. 1 (i.e., PRR within a specific range) and Alt. 2 (i.e., PRR on a subset of UEs) in [85-15] and RAN1#86 are used (how to define the subset of UEs in Alt. 2 is FFS). If randomness of packet size is considered, further discussion is needed on how to evaluate PRR for packets with different packet sizes. For sensor sharing, we suggest to consider additional performance metric(s) in order to evaluate the performance of sensor sharing. 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 KPI(s) (e.g., position tracking error, the ratio of detected objects, sensor coverage area, etc.) should be considered based on received sensor information as well as local sensor and/or driver’s vision.
[CATT] “subset of UEs” in performance metric definition in [85-15] is not clear enough. There could be two cases:
-The same as defined in Rel-14
-UEs sets relative to the evaluated events which are various according to different use cases
The second should be well defined.
[DOCOMO] Performance will be observed per use case considering different traffic property and requirement for each use cases. There are two alternatives for CAR which is agreed in email discussion of [85-11] and RAN1#86. Alternative 1 will be used as baseline. Alt. 2 will be additionally used considering that importance of received information determined not only by distance but also determined by LOS/NLOS, moving direction etc.
In order to evaluate impact on experience of driver/passenger, automotive KPI(s) is considered especially for extended sensor. For the extended sensor use case, received information can be used to develop local dynamic map based on received sensor information as well as local sensor. Although sensor sharing from multiple vehicles with different sensing views can improve the sensing performance, such effect cannot be observed by CAR. Therefore, additional automotive KPI can be considered. Further detail is FFS.
Also, definition of packet (packet size) for performance evaluation needs to be further discussed. Packet size for KPI calculation should be independent of TB size. Also, packet size used for KPI calculation should be minimum packet size meaningful in application layer which may or may not be same as packet size in traffic model.
[Samsung] on top of PRR, define a metric to reflect continuous collision (happened when a resource is reserved for C_resel times). 
Further, as discussed in section 2.1.2 and 2.1.6, if multiple types of UE are simulated, it is straightforward to collect metrics for different UEs separately. 
[Huawei]: 
PRR in R14 LTE-V2X is defined to measure packet reception based on sample average. We observe at least the following aspects that need to be considered for NR V2X:
· Consecutive packet losses due to persistent collision are not captured; 
· PRR is defined based on broadcast communication and thus is not readily applicable to measure PRR for unicast/groupcast cases;
· A throughput metric is needed for certain high data rate V2X services (e.g., extended sensor).

We think these issues need to be solved in NR V2X by considering the following metrics:
· 


n-consecutive packet loss (n-CPL):  For a particular n and a particular Tx-Rx UE link i, the event of n consecutive packets losses is defined as n consecutive packet reception failures, with the packet preceding the first lost packet and the packet following the last lost packet being correctly received. Then, the number of such event occurred on link i is denoted by. The total number of n consecutive packets losses across all the links is defined as.  Then the CDF/PDF of n-CPL is generated based on.
· 
For n=0,  is defined as the number of packets received correctly on link i.
· Per-link PRR: Per-link PRR is defined for a particular unicast communication link as the number of correctly received packets, over the number of total generated packets. 
· Throughput: Throughput metrics defined in 36.814 can be the baseline.

[QC] PRR can be reused. Additionally, extension of PRR to account for the random message size (as suggested by LGE) can also be considered.

[Cohere] We agree with the comments the throughput and latency should be evaluated in addition to reliability. Additional performance criteria that may be introduced for certain scenarios (e.g. signaling overhead) should be further discussed.

2.2. Link level simulation assumptions 
· No agreement was made during NR SI on the link level simulation assumptions.
[LG] Channel model for LLS can be the same as SLS. Message size to simulate can be determined based on the conclusion about the traffic model.
[Ericsson] For link-level assumptions, we think that some parameters need to be discussed for V2X phase 3 also as a part of technical solutions. For instance, modulation and coding, waveforms, numerologies, MIMO schemes etc. However, at this stage, companies should provide the respective assumptions to help agreeing on technical solutions later. Below we provide the list of relevant parameters which are encouraged to provide by companies with the link-level evaluations. 
· 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 
· 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)

[Intel] Link level models are derived from corresponding system level models.
[CATT] Still under our considerations. More comments would be provided in future.
[Samsung] Agree to align the simulation assumptions with SLS. We finally need assumptions on all parameters listed by Ericsson. 
SCS is mainly a factor in link simulation, while in SLS, depending on the method to model interference, impact of exact SCS may be not modeled. For below 6GHz, SCS can be 60kHz; while a larger SCS is used for above 6GHz, e.g. 120 or 240kHz.
[Huawei]:
Link level simulation assumptions depend on the contents in previous sections e.g. carrier frequency, bandwidth, typical packet size, channel model, antenna model, and et al.
	Assumptions
	Value

	Carrier frequency
	The same with system simulation assumption

	Duplexing 
	TDD

	System/Data bandwidth 
	The same with system simulation assumption

	Numerology
	Depends on the NR-V2X numerology design

	UE antenna model
	Above 6GHz: Refer to the antenna model in system simulation assumption
Below 6GHz: 2T4R, up to 8T8R

	Phase noise model
	Follow the agreement in R1-165685

	Channel coding
	LDPC, Polar

	Rank per UE
	Rank 1 or 2

	MCS 
	QPSK: 1/2, 16QAM: 1/2 or 2/3; 64QAM: 1/2 or 3/4 (optional); 256QAM: 3/4 (optional)

	Channel estimation 
	Ideal, Realistic* (Pilot pattern to be given in the case of real channel estimation)

	Channel model
	Refer to channel model in system simulation assumption

	Mobility
	Up to 500 km/h relative speed

	Packet size
	300Bytes, 1200Bytes, 6500Bytes, 12000Bytes



[QC] Agree with Intel. Link level simulation assumptions are derived from system level evaluation assumptions discussed above. Aspects such as waveform, SCS, etc are dependent on the company solutions and will evolve as we evaluate various design options.  
[Cohere] We generally agree with the list of parameters provided by Ericsson, but would like to clarify that some parameters can be decided up front as they are dependent on the environment and/or system parameters that do not depend on a specific solution (e.g. carrier frequency, channel model, packet sizes). Other parameters should be provided as part of the proposed solution (e.g. modulation, waveform, subcarrier spacing, etc.). In addition, target BLER should be defined for the different scenarios being evaluated. The simulation assumptions proposed by Huawei is a good start for discussing the link level simulation assumptions to be used for evaluation of different solutions.

2.3. Additional assumptions to evaluate vehicle positioning
· No agreement was made during NR SI on the vehicle positioning simulation assumptions.
[LG] Simulation assumptions for vehicle positioning can mostly reuse those discussed above. A new performance metric needs to be defined to compare potential solutions. We propose to consider CDF of positioning error of each vehicle.
[Fraunhofer IIS] 
TR 22.885 identifies use cases for high accuracy positioning in V2X Services. Positioning may be provided by 3GPP and non 3GPP (e.g. DGPS) mechanisms. In TR 22.886 requirements on the accuracy (10cm lateral, 50cm longitudinal) are collected. 
To study the realization of these objectives we see a need to discuss the following
· Assumptions regarding the role of different on-board sensors (e.g. RADAR, LIDAR) and 3GPP based mechanisms need to be made.
· Assumptions on the coexistence of NR positioning mechanisms along with the LTE mechanisms should be made. It is for discussion if the evaluation is carried out on both LTE/NR based mechanism or only NR.
· Assumptions on the partitioning of the positioning framework, e.g. UE-side/Network side.
· We agree with LG regarding the performance metric for positioning that needs to be agreed on. However, other metrics like latency or availability (of a positioning result) also play a critical role in V2X positioning.
· In addition to the parameters listed in 2.1.1, the impact of longer term clock drift and transceiver delays on high accuracy positioning requires careful consideration and modeling.
[ESA]
· According to TR 22.885 positioning may be provided by 3GPP and non – 3GPP (e.g. DGNSS) technologies. Furthermore, TR 22.886 lists very demanding relative positioning accuracy (10 cm lateral, and 50 cm longitudinal), thus we agree with [Fraunhofer IIS] that further assumptions about on-board sensors such as radar, visual, LiDAR, but also 3GPP technologies need to be made. In addition, high accuracy positioning based on GNSS (RTK, PPP, PPP – RTK) need to be included in the analysis as well, especially since 3GPP, through a RAN2 WI, is aiming at enabling a service in LTE that will broadcast GNSS assistance data for N-RTK. Among the use cases mentioned in this WI, V2X is one of high interest. We expect to see this service being provided in 5G as well in the future.
· ESA is leading a SI in the SA1 working group on “Study on positioning use cases”, SP-170589. With this SI, it is expected to complement the existing requirements on V2X (but also other use cases that are not of interest for the scope of this WI e.g. Railways, Industrial, etc.) with new KPIs that are not mentioned so far in TR 22.886: Integrity, Availability, Latency, TTFF etc. (S1-173160). 
· we agree with [LG] and [Fraunhofer IIS] regarding the performance metric for positioning. In addition, we would like to make a distinction between the V2X scenarios that will require relative positioning and those requiring absolute positing. A debate on absolute positioning (TR 22.886 mentions only relative) is encouraged since some V2X scenarios (e.g Semi – and Full – automated driving, or V2I - Road Works Warnings, Accident Warning, etc.) will require to know the absolute location of the vehicles too.
· Without any doubt horizontal positioning is the key variable that has to be considered in V2X. Nevertheless, the vertical aspect could be of importance in some very specific situations: multi layered roads, multi layered crossings. It is recommended to evaluate the vertical aspect through a round of discussions rather than simply dismissing it.
· We recommended 3GPP to carefully review any V2X SAE International standards, especially the ones in the family J2945: 
· J2945/1_201603: On board system requirements for V2V machine communication
· J2945/9_201703: Vulnerable Road User (VRU) Safety Message Minimum Performance Requirements
· J 2945/6: Performance Requirements for Cooperative Adaptive Cruise Control and Platooning – Work In Progress, expected in Q1/Q2 2018

[Ericsson] The scenarios and evaluation assumptions should remain the same for positioning related evaluations. However, we need to define corresponding KPIs to measure the performance of positioning methods (e.g. accuracy, latency etc.). 
[Intel] It is desirable to reuse deployment scenarios and channel model parameters for both communication and ranging/positioning frameworks. New performance metrics to capture ranging/positioning performance data should be introduced including relative and/or absolute positioning (e.g. CDF of coordinate error, CDF of distance error, CDF of timing estimation error, etc. measurements). Additional performance metrics can be further discussed. For the purpose of evaluation with GNSS assistance, the GNSS error models needs to be discussed.
[CATT] Still under our considerations. More comments would be provided in future.

[Samsung] The scenarios and evaluation assumptions defined for V2X communication should be reused as much as possible. PRS must have a wider bandwidth and should be specially considered. Regarding performance metric, we think both absolute positioning error and relative positioning error should be collected. 
[Huawei] 
Metrics:
1. Time of arrival estimation of the reference signal (ToA or RSTD). Companies are requested to describe which reference signal is used and what are the corresponding configurations.
2. Positioning accuracy in meter (statistics of all the users over the network)
3. Positioning latency (time between location request and location response)
Evaluation Methodology:
Refer to TR36.855 and TR37.857 with modifications:
Step 1. System level simulation to derive received signal quality
 Generate network, drop users over the network,
 Generate interferers, taking into account the network deployment and reference signal pattern.
Step 2. Link level simulation
 Generate the transmitted signal,
  Generate the propagation channel using fast fading channel model and model the received signal at the UE receiver, 
 Apply a UE receiver algorithm to estimate ToA for different neighbor cell/UE. 
Step 3. Based on reference signal measurement results, calculate UE positions in 2D/3D space for a given set of neighbor cells.
Step 4.  For each UE, finding positioning accuracy (position error in meters)
[QC] Additional assumption and metrics for vehicle positing needed include:
· Link level simulation assumptions
· 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)
· Link level performance metrics
· CDF of ranging error
· 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)
· System level performance metrics
· CDF of error in absolute position
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