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1. Introduction

The objectives of this email discussion are as follows:

	(a) Make a list of the topics on which consensus has been reached in [90-30] 

(b) Continue discussion on the remaining topics


2. Consensus of email discussion [90-30]
The following consensus was reached based on email discussion [90-30]: 
· Issue #1) It can be confirmed “the outcome of this study is used as a baseline for evaluating technical solutions and can be modified later as necessary”.
· Issue #3) For below 6 GHz, the following parameters in [1] can be confirmed. [Note: Simulation bandwidth for SL changed to FFS.]
	Parameters
	Urban grid for eV2X
	Highway for eV2X

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

Between vehicle/pedestrian UE: 6 GHz

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

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

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

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

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

Up to 100 MHz (SL) 

	Simulation bandwidth
	20 or 40 MHz (DL+UL) 

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

FFS: SL

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

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

Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBm for RSU is not precluded

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

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

Note: 33dBm is not precluded 

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

	UE receiver noise figure
	Below 6GHz: 9 dB


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

· Issue #5) For above 6 GHz, the following parameters in [1] for “BS/UE receiver noise figure” can be confirmed. [Note: The wording for the UE noise figure was changed according to Intel’s proposal.]
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	BS receiver noise figure
	Above 6GHz: 7dB

	Above 6GHz: 7dB

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


· Issue #11) For both below and above 6 GHz, “road configuration for urban grid and highway in [2]” can be confirmed.
· Issue #20) At least for above 6 GHz, it is necessary to introduce “vehicle blockage modeling” (e.g., penetration loss through cars or trucks, modified LOS probabilities, etc.). 
· Issue #21) For above 6 GHz, it is 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 for sidelink in urban environment when the channel is LOS or blocked by a building. FFS for other cases (e.g., in highway environment, when channel is blocked by other vehicle(s)).
· Issue #22) For above 6 GHz, RAN1 can agree to model “oxygen absorption” based on the model in [6].
· Issue #28) For below 6 GHz, the following parameters in [1] for “antenna model” can be confirmed. [Note: UE antenna configuration parameter is removed since consensus hasn’t been reached.]
	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 micro BS in [7]

· 
	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 micro BS in [7]

· 

	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


Note #1: Macro-BS parameters may also be used for BS-type RSU

Note #2: The values for UE antenna may be revised after discussions on antenna placement, etc., if any.

· Issue #29) For both below and above 6 GHz, RAN1 can agree to make an option for “collocated antenna case”. Note that this can be revised based on input from other organizations.
· Issue #37) It is agreeable to include “PRR” as a performance metric and to confirm “Alt. 1” (in [85-15] and RAN1#86) at least for the broadcast-type use cases. Note that further discussion is needed on the other aspects discussed in Issue #37 of [90-30].
· Issue #39) It is 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.
· Issue #40) It is agreeable that the following parameters from Ericsson (R1-1715092) are the baseline list needs to be clarified in Issue #39.
· 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)
· Issue #41) It is agreeable that the simulation assumptions for “vehicle positioning” reuse those for ”message delivery in Section 2.1 of [8]”.
3. Discussion on the remaining topics   
3-1) Considering the inputs from companies in Issue #7 of [90-30] together with the RAN plenary discussion conclusion in RP-172041, is the following agreeable as the carrier frequency for above 6 GHz?

· 30 GHz 

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

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

· 60 GHz 

· Between vehicle/pedestrian UE

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

Company input:

[LG] Yes.
[ZTE] – The carrier frequency for above 6 GHz is agreeable.
[Ericsson] For above 6 GHz, and for macro BS and BS-type-RSU to/from vehicle/pedestrian UE, 30GHz is agreeable as the reference frequency above 6GHz for the evaluations. 

We wonder what is the advantage of considering 60GHz over 63GHz for between vehicle/pedestrian UE and UE-type-RSU to/from vehicle/pedestrian UE. 
[Intel] Agree with at least 30GHz for Macro BS and BS-type-RSU. We prefer to align simulation carrier frequency with ITS spectrum (currently 63-64GHz spectrum is allocated for ITS is Europe) as much as possible. To make a decision, further clarification is needed on 60GHz carrier frequency value usage in channel model. Currently, several parameters in NR channel model depend on carrier frequency (e.g. delay spread, AoD/AoA spread, ZoA spread, oxygen loss, pathloss value). For example, oxygen loss according to the Table 7.6.1-1 in TR 38.901 has the following values: 15dB/km for 60GHz carrier frequency; 10.5 dB/km for 63 GHz, 6.8 dB/km for 64GHz.
[ITRI] Yes, it is agreeable as carrier frequency for above 6GHz.
[Huawei]: Yes. From channel model aspect, we can support the 30GHz/60GHz/73GHz channel model. From the spectrum aspect, the 60GHz is unlicensed band, and may have significant interference from wifi. Another option maybe 73GHz can be a candidate for the side link spectrum. 

[Toyota ITC] Yes, it is agreeable.
[QC] Yes

[IDC] Yes, it is agreeable for the carrier frequency of 30 GHz for the link between Macro BS/BS-type-RSU and vehicle/pedestrian UE, and the carrier frequency of 60 GHz for the link between vehicle/pedestrian UE and vehicle/pedestrian UE or UE-type-RSUs. 
[DCM] Yes.

3-2) Most companies seem to be aligned in Issue #17 of [90-30] except for the RSU deployment parameter. Is the following (originally from [1]) agreeable for “BS deployment” for below 6 GHz? [Note: RSU deployment parameter changed to FFS.]

	Parameters
	Urban grid for eV2X
	Highway for eV2X

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

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

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

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

	RSU
	FFS
	FFS


Company input:
[LG] Yes.

[ZTE] – The “BS deployment” for below 6 GHz is agreeable.
[Ericsson] Yes, it is agreeable. 

[Fraunhofer IIS] Yes, we agree on the eNB deployment. RSUs are important for different use cases, e.g. positioning, and the required deployment needs to be further discussed and evaluated.
[Intel] Agree
[ITRI] Yes, it is agreeable for “BS deployment” for below 6 GHz.
[Huawei]: Yes.
[QC] Yes
[IDC]: Yes, it is agreeable.
[DCM] Yes.

3-3) In Issue #43 of [90-30], most companies seem to agree that it is necessary to introduce a performance metric for positioning error/accuracy. Is it agreeable to include at least “absolute and relative UE positioning error in meter”?

Company input:
[LG] Yes. Furthermore, CDF of it can also be considered.
[ZTE] – A performance metric for positioning error/accuracy, at least “absolute and relative UE positioning error in meter” is agreeable.

[Ericsson] Yes, it is agreeable. 

[Fraunhofer IIS] A CDF for absolute and relative positioning error can be agreed. Additionally we see a need to at least evaluate latency of the location determination.
[Intel] Agree that “absolute and relative UE positioning error in meter” could be one of the positioning performance metrics. Moreover, CDF of absolute or relative positioning error can be captured. 

Additionally, the following parameters can be included in collected performance statistics: 

· Separate positioning error components (e.g. longitude, lateral)
· Timing estimation error

[ITRI] Yes, it is agreeable that a performance metric for positioning error/accuracy includes at least  “absolute and relative UE positioning error in meter”.
[Huawei]: Yes. In addition, the following metrics can be added:

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 latency (time between location request and location response or L1 measurement time)
We also note that for this question, latency is purely considered as the physical layer (hence the L1 measurement time). Some other WGs might have other inputs on this topic, and it would be worth obtaining their inputs.

3. For “absolute UE positioning error”, it should be specified what is the assumption of the positioning error of the Base station/TRP (for example, the positioning error distribution).

[QC] Yes, CDF of absolute and relative positioning error is agreeable.
[DCM] Yes.

3-4) In Issue #33 and Issue #34 of [90-30], most companies seem to agree that it is necessary to define a traffic model where the time interval between two messages generated in a given UE is not fixed but random during the simulation runtime. The following options are listed based on the input received so far, and companies are requested to comment on them, not precluding the possibility of defining multiple options.

· Option 3-4a: When a message is generated at time t in a UE, the next message is generated at time t+X where X is a random variable.
· Option 3-4b: At a given time, message generation starts with a probability P in a UE which is not generating messages.
· In this option, further detail is needed on the message generation after its start. This includes when the message generation finishes in a UE and how the message generation interval is defined after the generation start.
· Option 3-4c: Messages are periodically generated and the message generation interval is fixed like the Rel-14 periodic traffic.
· Option 3-4d: ?
Company input:
[LG] One potential difference of new V2X services from those considered in Rel-14/15 can be handling traffic patterns whose message generation instance is not deterministic. For example, applications such as extended sensors can generate a message right after detecting some objects with sufficient confidence level (e.g., as being developed in ETSI TS 103 324 for collective perception service). Option 3-4a properly describes such characteristics, so it should be included in the evaluation methodology while details of the random variable X can be derived from SA1 requirements not excluding the possibility of having multiple options depending on the target scenario and use case. As the time randomness can be sufficiently evaluated using Option 3-4a, we don’t see a need to introduce Option 3-4b especially considering the system simulation typical runtime which may not be sufficient to collect sufficient statistics of “start and end of message generation.” Option 3-4c can be included as a special case of Option 3-4a by having an option where X is a fixed value.
[ZTE] – We do not think it is necessary to introduce “randomized periodic traffic” where message generation interval randomly vary in each message generation. However, we are in favor of introducing the “event-triggered traffic” model, where it would require non-periodic transmission for a certain duration based on some specific events (i.e. a UE starts to generate messages when certain conditions are met), which details are FFS. So, we propose Option 3-4d as follows:

· Option 3-4d: Based on some specific events, message generation starts when certain conditions are met, non-periodic transmission for a certain duration (details are FFS).

[Ericsson] We think that all the aspects mentioned in Option 3-4a/b/c, can be captured reasonably in a single periodic traffic model. Option 3-4a is acceptable if the value of random variable X is bounded i.e. it allows a certain jitter on top of otherwise fixed periodic message generation. Furthermore, option 3-4b can be combined by defining a probability P for message generation. 

Note that event triggered traffic model (as in Issue#34 of [90-30]) is defined with no limitations on the arrival randomness.   
[Fraunhofer IIS] We support Option 3-4a and Option 3-4c. 

In our understanding, Option 3-4b might be useful in evaluating latency consumed between a long message generation-to-completeness and its successful reception. However, as stated by ZTE, it might not be feasible to consider a varying message generation-to-completeness time and gather its statistics together with other KPIs within the same simulation time. Therefore, we propose that the message generation time-interval stays constant and, in this case, Option 3-4a should be enough.

For 3-4d: In addition to ZTE scenario (event triggered messages), we might need to define a burst transmission-mode as a modification 3-4a with multiple consecutive packets and the number of packets is another random variable.
[Intel] We prefer to use Option 3-4a since it has more flexibility in traffic modeling. However, further discussion is needed to agree on the methodology of X parameter generation.
Methodology for message arrival time and message size determination should be further discussed. For example, in cooperative perception case, if each object has assigned detection/miss detection probability, the message generation rate and message size could be determined dynamically in joint manner.
[ITRI] We support that Option 3-6-1a “Deterministic mechanism” can be used as a baseline for making a decision on whether the channel between a Tx/Rx pair is blocked by other vehicle(s)
[Huawei]: We are supportive of introducing randomness in traffic modeling and in our view all such non-deterministic traffic is triggered by certain events, such as the detection of collision risk (Section 5.9 in [4]), imminent collision (Section 5.6 in [4]), visual range obstruction (Section 5.16 in [4]), or hazardous road conditions (Section 5.20 in [4]), etc. The occurrence of such events can be modeled according to Poisson process. When triggered by such events, large volume of traffic can be expected to be exchanged among vehicles. We think Option 3-4b is a good candidate to capture such event characteristics and further details can be discussed. 

In addition, we note that periodic traffic with deterministic message generation interval will also exist as described in Section 5.5 in [4], though likely to be distinguished from Rel-14 with shorter message generation interval. Thus, Option 3-4c should be supported as well.
[Toyota ITC] Message generation is not necessarily perfectly periodic (i.e., it may have some jitter of message interval). In that sense, Option 3-4a is suitable to model the jitter of message interval, as a starting point. The distribution of the random variable X is FFS. Also, Option 3-4c is a special case of Option 3-4a with X having a fixed value.
[QC] Agree with LGE that it’s important to capture the randomness in message generation time. Option 3-4a is agreeable and the random variable X can be derived from SA1 requirements and external sources (e.g. ETSI TS 103 324, Section 6.1.3) for different use cases. Further, we should not artificially assume that the standard deviation in X is small, unless so indicated by all the target use cases. NR-V2X needs to be future proof and artificial restriction can lead to in very rigid system which can suffer a lot when there is variation in traffic pattern.
[IDC]: We support Options 3-4a and 3-4c. Option 3-4a has the flexibility in modeling randomized traffic, and the value of X could be upper bounded. With Option 3-4a, we may not need to introduce Option 3-4b. Option 3-4c could be used to model periodic traffic with deterministic message generation interval. 

[DCM] Agree with LGE. 
3-5) In addition to the question 3-4, there were also inputs from companies about the message size with randomness. Companies are requested to comment on the following options, not precluding the possibility of defining multiple options.

· Option 3-5a: Message size is determined according to the predefined pattern (e.g. as in Rel-14).
· Option 3-5b: Message size is randomly determined in each message generation.
· Option 3-5c: Message size is fixed.
Company input:
[LG] We think that new V2X applications will require proper handing for variable message size. In extended sensors, the packet size will be dependent of the number of detected objects which can dynamically change in time (already implied in ETSI TS 103 324). In advanced driving which includes exchange of information on the future trajectory, the amount of information exchange can be dependent of the decision on the future driving plan (e.g. more information needs to be changed if the vehicle intends to change its driving pattern such as speed and lane more dynamically). So we think that Option 3-5b needs to be supported while Option 3-5a or 3-5c can be included as a special case.
[ZTE] – We support Option 3-5b: Message size is randomly determined in each message generation.
[Ericsson] It is important to control the randomness of the packet size variation. Option 3-5b is acceptable with a small degree of randomness in message size. This means, small variations in otherwise fixed message sizes are allowed.   

[Fraunhofer IIS] We agree on Option 3-5b and Option 3-5c. Option 3-5a can be a special case of Option 3-5b with a predefined message size. For Option 3-5c, we need to agree on fixed message sizes for some requirements, e.g. URLLC, such as 32, 256 … bytes.
[Intel] Agree to use Option 3-5b. Message size determination should further be discussed (including details of procedure or message size distribution, average message size value, message size deviation value).
[Huawei]: For vehicle platooning applications, message size will follow a predefined pattern such as Rel-14. For other V2X applications such as sensor sharing, we think message size can vary per message generation triggering event (as described in our response to issue 3-4)), but is likely to have similar size within the duration of the event, e.g., when the same message is replicated at the application layer. Thus, we prefer Option 3-5a.

[Toyota ITC] Message size is not necessarily fixed (i.e., it may have some randomness). In that sense, Option 3-5b is suitable to model the randomness of message size, as a starting point.
[QC] Option 3-5b needs to be supported as the message size for sensor sharing and advanced driving use cases can change significantly each time the message is generated (e.g. based on ETSI TS 103 324).
[IDC] We support Option 3-5b and Option 3-5c. Some random-sized message should be supported to model different message types. Option 3-5c could be used to model periodic messages with identical size. 

[DCM] Option 3-5b needs to be modeled. In sensor sharing and advanced driving, packet size can have large variation and it is not predictable.
3-6) Considering the consensus in Issue #20 of [90-30], please provide your view on the following questions for modelling vehicle blockage, including further details of each option.

· Q 3-6-1: Which of the following option is used for making a decision on whether the channel between a Tx/Rx pair is blocked by other vehicle(s)?
· Option 3-6-1a: Deterministic mechanism, e.g., it is assumed that a Tx/Rx pair is blocked if other vehicle(s) is(are) located between the pair similarly to the blockage model B in [6].
· Option 3-6-1b: Stochastic mechanism, e.g., it is assumed that a Tx/Rx pair is blocked according to a probability similarly to the blockage model A.

· Option 3-6-1c: ?
Company input:
[LG] We prefer Option 3-6-1a since it makes a decision on the occurrence of vehicle blockage based on the exact UE distribution and this is in line with the Rel-14 principle that UE location determines blockage by buildings. We think that this is also suitable to evaluate solutions such as UE-UE relaying whose performance may be affected by channel realizations of multiple links.
[ZTE] – We are supportive of Option 3-6-1a.

[Ericsson] Option 3-6-1a can be used as a baseline.  
[Intel] We prefer Option 3-6-1a. Deterministic mechanism introduces spatial correlation in pathloss calculation that could be important especially in high carrier frequency evaluations.

 [Huawei]: We believe that both Option 3-6-1a and Option 3-6-1b are too complex without guaranteeing agreement with actual V2V channels. The NLOS due to vehicle blockage (NLOSv) status can be introduced as proposed in R1-1717916. Furthermore, we propose:

· To determine blockage of V2V link, use a set of probability curves for urban and highway environment as detailed in R1-167219 (e.g., medium density Urban and Highway from Table below)
[image: image1.emf]
[image: image2.emf]
Figure 1 LOS probabilities in urban environment: combined Rome, New York, Munich, Tokyo, and London results.TC "2 LOS probabilities in urban environment: combined Rome, New York, Munich, Tokyo, and London results." \f f
[image: image3.emf]
Figure 2 LOS probabilities on A6 highway.

· Model the blockage of scatterers implicitly through a new set of shadow and fast fading parameters (details in Q 3-6-2)  

[Toyota ITC] We prefer Option 3-6-1a. It can take into account actual UE locations for vehicle blockage.
[QC] Option 3-6-1a can be the baseline.
[IDC] We prefer Option 3-6-1b, as the stochastic mechanism could capture some special cases, e.g., a car changes lane and blocks/unblocks the link between two neighbor vehicles. 

[DCM] We prefer to develop blockage model based on Option 3-6-1a.

· Q 3-6-2: If the channel between a Tx/Rx pair is turned out to be blocked, how is the effect of blockage reflected in the parameters in the channel? 
· Option 3-6-2a: By adding an additional loss to the pathloss equation that would be used if the Tx/Rx pair is not blocked by other vehicle(s).

· Option 3-6-2b: By using a new pathloss equation which is used only when the channel is blocked by other vehicle(s).
· Option 3-6-2c: ?
Company input:
[LG] We prefer Option 3-6-2a. 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].
[ZTE] – We are supportive of Option 3-6-2a, considering the evaluation complexity as the starting point.
[Ericsson] Option 3-6-2a should be used. 
[Fraunhofer IIS] If explicit modeling of building blockage or blockage by other vehicles is justified and option 3-6-2a is employed, a detailed specification is needed. E.g. if model B in [6] is used, the LOS/NLOS sub-path blockage and the spatial/temporal update of the blocker need to be discussed.
[Intel] Agree to use Option 3-6-2a.
[ITRI] We support that Option 3-6-2a “By adding an additional loss to the pathloss equation” can be used as a baseline for the effect of blockage reflected in the parameters in the channel.
[Huawei]: both Option 3-6-2a and Option 3-6-2b are OK. Specifically:
· Path loss: either Option 3-6-2a or Option 3-6-2b is OK, provided that the model matches the V2V measurements well. E.g., a simple approach is to add additional loss based on blocking vehicle type (e.g., car, van, truck) and the number of blockers. In R1-1720604, measurements show an average 12 dB loss due to blockage by a van.

· Shadow fading: new set of parameters for NLOS due to vehicle blockage: e.g., R1-1720604

· Fast fading: new set of parameters for NLOS due to vehicle blockage: e.g., R1-1720604
[Toyota ITC] We prefer Option 3-6-2a, which is consistent with the blockage modeling in [6].
[QC] Option 3-6-2a.
[IDC]: We support Option 3-6-2a. 

[DCM] We agree with Option 3-6-2a.
3-7) Several companies commented in Issue #27 of [90-30] that the following table in [1] can be used as an option for below 6 GHz, while some companies proposed to make some change based on the channel model which can cover above 6 GHz. Is it possible to agree that the following channel model is used as an option for below 6 GHz, if some condition is added, e.g., extending the channel model developed for above 6 GHz to below 6 GHz is supported as another option?

	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]


Company input:
[LG] Yes. The model in the table is needed especially to compare new solutions with Rel14/15 LTE V2X. If the new channel model developed for above 6 GHz is applicable to below 6 GHz and turned out to be consistent with Rel-14 channel model, using new channel model for below 6 GHz can be another option.
[ZTE] – Yes, we think the Table in [1] for below 6 GHz can be used as an option. However, since additional coverage is needed we are supportive of a channel model that can be used for both above 6 GHz and below 6 GHz, if it is somewhat consistent with Table in [1].   
[Ericsson] No, the above table needs to be revised to include blockage, at least for the sidelink channel, as in 3-6.
[Intel] We prefer to use the same channel modeling framework based on TR 38.901 for both below and above 6GHz carrier frequencies. V2X pathloss equations for below 6GHz carrier frequencies could be adjusted to align with channel model used in LTE R14 and R15 studies.
[Huawei]: The scope of the SI is to focus on the “Sidelink channel model for spectrum above 6 GHz”, according to RP-170837. Extending the channel model developed for above 6 GHz to below 6 GHz is not straightforward and needs to be based on physical evidence. However, discussion on the drawbacks of existing LTE models (<6 GHz) and the required additional functionalities, some of which could be developed in this SI, is welcome.
[Cohere] No, this is not in line with published and peer reviewed measured results (see R1-1720599). The channel model should be revisited taking into consideration published and peer reviewed measured results which capture the parameters of the channels more accurately.

[QC] Yes. Further, any modifications if made should be consistent with Rel-14 channel model (except for vehicle blockage modeling).
[IDC]: We intend to use the same channel modeling framework as in TR38.901 for both below and above 6 GHz carrier frequencies. Some additional features, e.g., vehicle blockage, could also be added. 

3-8) Regarding to Issue #38 of [90-30], please provide your view on the following questions for modelling the metric related to persistent collision.

· Q3-8-1: Is it necessary to consider an additional metric related to persistent collision?
Company input:
[LG] Yes. A metric which reflects “consecutive message loss” seems to be useful considering that PRR cannot capture it. Referring to the paper [9], the pattern of packet loss could have effect on the resulting distortion. So, in some applications (e.g., see-through), it may be able to affect the service quality.
[ZTE] – No, we do not think it is necessary to consider an additional metric related to persistent collision since some of the mechanisms are already considered such as re-transmission, counter and so on, therefore, we think PRR is enough. 
[Ericsson] Yes.
[Fraunhofer IIS] Yes, it is important for reliability analysis and to support the study and evaluation of UE-to-UE relaying schemes.
[Intel] Agree to introduce additional metric which reflects persistent collision.

[ITRI] Yes, it is necessary to consider an additional metric related to persistent collision
[Huawei]: Yes. 
[Toyota ITC] Yes, we prefer to consider an additional metric for persistent collision. Evaluating PRR only is not enough to evaluate the impact of persistent collision.
[QC] Yes, additional metric can be considered.
[IDC]: Yes, agree to add a metric for persistent collision. 

· Q3-8-2. If your answer for Q3-8-1 is yes, please provide your view on the following options discussed in [90-30].
· Option 3-8-2a: PIR (Packet Inter-Reception) which was discussed during Rel-14 [3]

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

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

· Option 3-8-2c: Information age (IA)

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

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

· For a particular n and a particular Tx-Rx UE link i, the event of n consecutive packets losses is defined as n consecutive packet reception failures, with the packet preceding the first lost packet and the packet following the last lost packet being correctly received. Then, the number of such event occurred on link i is denoted by 
[image: image4.wmf]i

n

S

,

. The total number of n consecutive packets losses across all the links is defined as 
[image: image5.wmf]å

=

i

i

n

n

S

S

,

. Then the CDF/PDF of n-CPL is generated based on 
[image: image6.wmf]n

S

, n = 0, 1, 2,…, max_n. Note that for n=0, 
[image: image7.wmf]i

S

,

0

 is defined as the number of packets received correctly on link i.
· Option 3-8-2e: ?
Company input:
[LG] We think that all the listed options are similar and any option can be introduced as far as it can properly capture the statistics of “consecutive message loss.” But we think that further elaboration is necessary for “the current timestamp” in Option 3-8-2b and 3-8-2c. To be specific, it is unclear how to determine the current timestamp of the packets generated during the simulation runtime and how to collect the statistics of the proposed metric. 
[Ericsson] Option 3-8-2a (i.e. PIR) can still be used. However, correct representation of PIR should takeinto account the number of consecutive packets over which measurements are performed. For example, CDF of PIR over a certain number of consecutive packets’ transmissions. 

[Fraunhofer IIS] We think Option 3-8-2d would be most suitable.
[Intel] Persistent collision metric should correctly handle the case of traffic model with randomized packet arrival times. From this point of view, we prefer to use Option 3-8-2d.
[ITRI] We think that Option 3-8-2a “PIR (Packet Inter-Reception)”, Option 3-8-2b ”Packet elapsed time (PET)”, Option 3-8-2c “Information age (IA)”, and Option 3-8-2d “n-consecutive packet loss (n-CPL)” are all suitable to consider an additional metric related to persistent collision
[Huawei]: We think Option 3-8-2d is a better candidate for reasons below. Firstly, further elaboration is needed for Options 3-8-2a/b/c in scenarios with mixed and/or varying traffic periodicities. To be specific, when the simulated UEs have different traffic periodicities, it is unclear how the performance metric could be correctly interpreted. For example, while a PIR/PET/IA of 500ms implies normal operation UEs with 500ms periodicity, it could be interpreted as under lossy channel conditions if the UE traffic periodicity is 100ms. In addition, option 3-8-2d is a better candidate that it is transparent to traffic periodicity variations, and focuses on characterizing the actual number of consecutive packet losses. 
[Toyota ITC] We prefer Option 3-8-2b or Option 3-8-2c. From RAN1 perspective, Option 3-8-2b is more suitable than Option 3-8-2c as Option 3-8-2b does not require upper layer information. In Option 3-8-2b and Option 3-8-2c, 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 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. 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, evaluation of persistent collision based on PIR may lead to wrong interpretation of persistent collision. 

Regarding data collection, data samples of Option 3-8-2b can be easily generated based on each PIR sample. For example, for one Y-ms PIR sample, the data samples of Option 3-8-2b are [0, tperiod, 2*tperiod, 3*tperiod, …, Y] ms, where tperiod = X ms (e.g., X is determined based on the minimum message interval and jitter of message interval). These samples are collected for all PIR samples of all links or links within communication range [a, b]. Then, the CDF of the collected data samples is generated.

Option 3-8-2d is simple and useful if the message interval is fixed and the same for all UEs over simulation runtime. However, since time-related information is lost in Option 3-8-2d, it is not clear how to interpret the metric if the message interval varies over simulation runtime (e.g., due to randomness of message interval as discussed in 3-4) or congestion control), where each consecutive packet loss causes different seriousness. Time-related information (e.g., Options 3-8-2a/b/c) is important from automotive application viewpoint to assess the performance of situational awareness.
[IDC]: We prefer Option 3-8-2d as it directly counts the actual number of consecutive packet loss. 

3-9) In relation to Issue #15 of [90-30], please provide your view on the following options for mobility of vehicle, not precluding the possibility of defining multiple options each of which can be used for different cases.

· Option 3-9a : No update for the location of vehicle during the simulation runtime
· Option 3-9b : Update for the location of vehicle (e.g. as in Rel-14)
· Please provide your detailed view on how to reflect the update for the location of vehicle in the channel model. (e.g., only large-scale parameters without changing the small-scale fading process is updated in Rel-14).

Company input:
[LG] Regarding Option 3-9b, 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 for above 6 GHz. It is noted that the selection can be dependent of the target of evaluation, and it can be considered to have Option 3-9a for more simplified simulation if a needs is found, e.g., if the SLS runtime is not so long compared to the vehicle mobility in a scenario with higher message generation rate and lower vehicle speed.
[ZTE] – We are supportive of Option 3-9b. We can reuse the Rel-14 principles as the starting point and FFS which case would need the small-scale fading updating.
[Ericsson] We think that it is necessary to model mobility. Option 3-9b should be used with the following behavior:

· Large scale parameters (path loss, fast fading, blockage) should be updated. 

· Independent realizations of small scale parameters are generated at every update.
[Fraunhofer IIS] For some use-cases, e.g. the positioning study, both small and large scale parameters can be updated during the simulation runtime to capture position estimates of varying quality due to mobility. The spatial correlation model of [6] can be reused. 
The Location update of vehicles during simulation runtime is also important in order to evaluate mobility of Tx-Rx pairs across geographical zones.
[Intel] We prefer to use Option 3-9b:
· For V2V channel modeling for carrier frequency below 6GHz we propose to follow at least LTE R14 methodology:

· Keep 100 ms period of position and channel model update
· Large scale geometry statistics update for each pair of communicating nodes (Angle/Distance values)

· LOS/NLOS propagation type update in Urban deployment when UE crosses intersection
· Pathloss value update

· Update Shadow Fading value according to the R14.
· For V2V channel modeling for carrier frequency above 6GHz

· Update blockage statistics

· FFS channel update period, decorrelation distance

· FFS whether V2V links spatial consistency is modeled (computational complexity considerations)
· For eNB/RSU-to-vehicle/pedestrian channel model spatially-consistent UT mobility modelling framework from TR 38.901 could reused for both below and above 6GHz carrier frequencies

[ITRI] We support Option 3-9b “Update for the location of vehicle (e.g. as in Rel-14)”, i.e. mobility of vehicle, should be considered. And “only large-scale parameters without changing the small-scale fading process is updated in Rel-14” can be used as a baseline for mobility of vehicle.
[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. For above 6GHz e.g., around 60GHz, beam management might be taken into account and evaluated, for which scenario some additional features including spatial consistency model, blockage model and oxygen absorption model (for around 60GHz) need to be considered. Note that combining all the features together may lead to quite high simulation complexity. One possible solution is to partially activate these models, e.g., only use blockage model and oxygen absorption model to describe the variation of cluster powers, which would result in low simulation complexity. 
[Toyota ITC] We prefer Option 3-9b because for above 6 GHz, blockage by vehicles and buildings are related to UE locations and mobility. At least, large-scale parameters should be updated based on vehicle locations. How to update small-scale fading is FFS.
[QC] Option 3-9b, and reusing the principles of R14 assumptions (e.g. update large scale channel model parameters every 100ms)
[IDC]: We support Option 3-9b, where only large-scale parameters (path loss, blockage) are updated.  

[DCM] We prefer option 3-9b. Intel’s proposal would be good starting point for further discussion.

3-10) Considering the inputs from companies in Issue #25 of [90-30], is it agreeable that for above 6 GHz, “dual mobility” model in Rel-14 can be a starting point to model multiple Doppler effect due to moving Tx, moving Rx, and moving scatterers? If not, please indicate which part of this model cannot be used as a starting point.

Company input:
[LG] Yes.

ZTE: For above 6 GHz, “dual mobility” model in Rel-14 can be used as the starting point to model multiple Doppler effect caused by moving by Tx, moving Rx, and possibly for moving scatters if shown to be justifiable.
[Ericsson] Yes.
[Fraunhofer IIS]: We agree with ZTE on the dual mobility approach and also emphasize that moving scatterers should only be considered if justified by evaluations.
[Intel] Agree to use “dual mobility” approach to model Tx/Rx mobility.
[ITRI] Yes, it is agreeable that for above 6 GHz, “dual mobility” model in Rel-14 can be a starting point to model multiple Doppler effect due to moving Tx, moving Rx, and moving scatters.
[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. Multiple reflections between moving vehicles increase Doppler spread. Measurements show 4x Doppler in highway scenarios.
[QC] Yes, we should use Rel-14 dual-scattering model as the baseline.

[IDC]: Yes, we support to use “dual mobility”. 
[DCM] Yes.
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