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1. Introduction
This contribution provides summary of [89-11] Email discussion on the remaining evaluation assumption for aerial vehicle. 
	Email discussion on remaining issues on evaluation assumptions until June 1st, 2017 – Shinpei (DOCOMO)
Potential remaining evaluation assumptions include:

· Parameter settings for UE speed

· Parameter for control traffic

· Additional BS antenna configuration on FD-MIMO

· Additional aerial UE height for fixed height evaluation assumption

· Handover margin issue

· Additional UE antenna numbers

· Backhaul delay for interference coordination scheme (e.g., COMP)

· Performance metrics for command and control traffic


In RAN2#98, several requirements for aerial vehicle were agreed. RAN1 needs to reflect the requirement to the evaluation assumption. 
	Requirement Items
	Value

	Data type
	1. Command and Control (C&C). 
This includes telemetry, waypoint update for autonomous UAV operation, real time piloting, identity, flight authorization, navigation database update, etc.

2. Application Data .
This includes video (streaming), images, other sensors data, etc.

	Heights
	Target up to 300 m AGL

	Speeds 
	Horizontal: up to 160km/h for all the scenarios (Urban, Rural)

	Latency
	1. FFS: C&C: 50ms (one way from eNB to UAV)

2. Application data: similar to LTE UE (ground user)

	DL/UL data rate
	1. C&C: [60-100] kbps for UL/DL

2. Application data: up to 50 Mbps for UL

	C&C Reliability
	Up to 10-3 Packet Error Loss Rate


2. Discussion on remaining issues listed in the chairman’s note
This section is to collect the opinion from each company. Related agreements are listed with yellow marker on discussion point.
Parameter settings for UE speed

· Current agreement
	Aerial UE:  [161] km/h, horizontal for evaluation purposes only

Note: Velocity of aerial UE can be revised according to RAN2 agreement including the possibility of scenario dependent aerial UE velocity.


· Views from companies
	Company name
	View

	NTT DOCOMO
	Maximum UE speed in the requirement, i.e., 160 km/h, is assumed in the evaluation.
Impact of the height dependent UE speed on the RAN1 evaluation would not be a major issue because we don’t model topology update during the simulation. Also, we already agreed to evaluate uniformly distributed aerial UE height which is not so realistic. In reality, there would be more UE in lower height region. In order not to trigger a lot of modeling discussion, common UE speed would be sufficient unless this incurs serious impact on the evaluation.

	Huawei, HiSilicon
	Maximum UE speed in the requirement is assumed in the evaluation, i.e., 160km/h

	Nokia, ASB
	The agreed simulation assumptions for the aerial-UE height could be below to 1.5m, where the aerial UE normally flies with a very lower speed. So, it is more reasonable to assume 160km/h for the higher UE height, for example 
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	Ericsson
	In line with the RAN2 agreement, it is recommended that 160 km/h horizontal speed is used in the evaluation.

	ZTE
	Maximum UE speed, i.e., 160 km/h, in the simulation is preferred. 

	Intel
	160 km/h is assumed for aerial UEs for all the scenarios.

	QC
	Support 160km/h for aerial UEs for all the scenarios


· Proposal
· UE speed of aerial UE is 160 km/h, horizontal for evaluation purposes only

Parameter for control traffic

· Current agreement
	· For aerial UE, command and control traffic is assumed in downlink and data type traffic is assumed in uplink

· Command and control traffic in DL

· Periodic traffic with fixed packet size is assumed:

· inter-packet arrival time interval of D = [100ms]
· FFS: packet size X
Note: X is determined based on the requirement on DL data rate and latency for command and control traffic. and D can be revised according to RAN2 agreement.

Note: Command and control traffic in UL is not precluded.


· Views from companies
	Company name
	View

	NTT DOCOMO
	X and D is determined so that resulting data rate is equal to 100 kbps which is the maximum data rate for the command and control traffic in the RAN2 requirement.
{X = 1250 bytes, D = 100 ms}. or {X = 2500 bytes, D = 200 ms}
For aerial UE, command and control traffic in uplink can be optionally considered using same parameter of X and D. No mixed traffic of command and control traffic and data type traffic from UE perspective is considered. 
The packet throughput in the agreed KPI should be based on UPT for FTP model 3. For C&C traffic, file throughput will be served bits divided by inter-packet arrival time.

	Huawei, HiSilicon
	{ X = 1250 bytes, D = 100 ms }

We also share the view that no mixed traffic of command and control traffic and data type traffic from UE perspective is considered.

	Nokia, ASB
	In the aerial control, the downlink/uplink command & control traffics are inter-dependent and have similar requirements in terms of latency and reliability. So, it is expected to use same traffic model for both downlink and uplink command & control traffics. The parameter configuration of X = 1250 bytes and D = 100 ms for both downlink and uplink is reasonable. 

Different from uplink command & control traffic, uplink data traffic has higher requirement for data rate but relaxed requirements for latency and reliability. So the interference mitigation solutions for uplink data traffic might not be suitable for uplink command & control traffic. Therefore, similar to downlink, the command & control traffic in uplink needs to be considered for performance evaluation.
In summary, the command & control traffic in uplink needs to be considered for performance evaluation, and the parameter configuration of X = 1250 bytes and D = 100 ms can be used for both downlink and uplink command & control traffic.

	Ericsson
	In line with RAN2 agreement, X and D are chosen such that the data rate is 100 kbps.

Assuming 160km/h horizontal speed in the evaluation, a drone moves ~4.45 m every 100 ms. An inter-packet arrival time of 100 ms looks quite sufficient for command and control in normal cases. Therefore, it is recommended that {X = 1250 bytes, D = 100 ms} is used in the evaluation.

Note that different types of traffics associated with different models and characteristics exist even in the terrestrial only networks. For example, the traffic of real time service uses a different model (e.g. VoIP model) compared to the bursty traffic model (e.g. FTP model). However, in the 3GPP evaluations different traffic models are rarely mixed. In line with this, for aerial UE, the performance of command and control traffic and data type traffic can be separately evaluated.



	ZTE
	The inter-packet arrival time of 100 ms can be considered as baseline, but packet size should be determined after clarification on calculation of data rate. For example, as shown in figure below, for each time point, a packet of data is transmitted and the data rate can be considered as Data rate R = X/D, or within each interval, if the transmission duration is represented by t, the data rate can be obtained by R=X/t1.
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Considering the simulation complexity, the separate traffic model and service should be considered on DL/UL for aerial vehicles, e.g., control for DL and data for UL.

	Intel
	Consider following parameters for evaluations of drones command and control traffic : 

•
X = 1250 bytes, D = 100 ms

	QC
	{ X = 1Kbytes, D = 500 ms }

We think the data rate for command & control traffic is determined by R=X/t1 where t1 is the required transmission duration and could be 50ms according to RAN2 latency requirements. X=1Kbyte is based on the assumption of R=100kbps and possible L2/L3 overhead, 

For inter-packet arrival time we think it would be much higher than the transmission duration. So 500ms can be assumed for evaluation purpose. 


· Proposal
· Command and control traffic in DL and UL

· X = 1250 bytes
· D = 100 ms

· Performance of command and control traffic and data type traffic for aerial UE is separately evaluated.
· Packet throughput is average perceived throughput of a user defined in TR36.814

Additional BS antenna configuration on FD-MIMO

· Current agreement
	Parameters
	UMi AV
	UMa  AV
	RMa AV

	BS antenna configuration
	2Tx/2Rx cross polarized;

Optionally (M, N, P) = (8, 4, 2) according to TR36.873 with 32 Tx ports and 32 Rx; 

other antenna configurations are not precluded
	2Tx/2Rx cross polarized;

Optionally 8Tx/8Rx cross polarized;

Optionally (M, N, P) = (8, 4, 2) according to TR36.873 with 32 Tx ports and 32 Rx;

other antenna configurations are not precluded
	2Tx/2Rx cross polarized;
other antenna configurations are not precluded


· Views from companies
	Company name
	View

	NTT DOCOMO
	Current agreement is sufficient. But we are OK to capture additional BS antenna configuration as long as it is optional.

	Huawei, HiSilicon
	For UMi AV and UMa AV, (M, N, P) = (8, 4, 2) according to TR36.873 with 16 Tx ports and 16 Rx is added as optional BS antenna configuration.

	Nokia, ASB
	We are fine to capture (M, N, P) = (8, 4, 2) according to TR36.873 with 16 Tx ports and 16 Rx in UMi-AV and UMa-AV if it is optional BS antenna configurations.  

	Ericsson
	Current agreement is sufficient.

	ZTE
	Since the additional antenna configuration is only used for potential enhancements with FD-MIMO application, in general, the current agreement is fine.

	Intel
	According to the study item description (RP-170779), the main objective of the study item is to investigate the ability for aerial vehicles for LTE to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO). Hence, it is important to study the case of FD-MIMO at least for UMi AV and UMa AV scenario. We prefer to add antenna configuration with (M, N, P) = (8, 4, 2) according to TR36.873 with 16 Tx ports and 16 Rx for UMi AV and UMa AV scenarios. FD-MIMO technology have not been studied in RMa scenario, it is not clear what antenna configuration to use, considering frequency band and flat terrestrial deployment with large ISD.

	QC
	We think 32Tx is sufficient for FD-MIMO evaluation. No need to define other BS antenna configuration.


· Proposal
· No consensus. 

· Note: Interested companies can provide evaluation results with other BS antenna configurations according to current agreement.

Additional aerial UE height for fixed height evaluation assumption

· Current agreement
	Parameters
	UMi AV
	UMa  AV
	RMa AV

	
	Height [image: image7.png]


 (aerial)
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m


· Views from companies
	Company name
	View

	NTT DOCOMO
	Fixed aerial UE height is {50, 100, 200, 300} m.
The maximum aerial UE height for the uniform distribution model shall be revised to 300 m.

	Huawei, HiSilicon
	Fixed aerial UE height is {50, 100, 150, 200, 250, 300} m.
The maximum aerial UE height for the uniform distribution model should be revised to 300 m according to the RAN2 requirement.

	Nokia, ASB
	Fixed aerial UE height is {10, 20, 40, 50, 100, 200, 300}m

The maximum aerial UE height for the uniform distribution model shall be revised to 300 m. 

	Ericsson 
	According to RAN2 agreement, the maximum aerial UE height shall be revised to 300 m.
The optional fixed aerial UE height is chosen from the set {50, 100, 200, 300} m.

	ZTE
	The aerial vehicles with lower altitude should be considered for evaluating the performance during taking off or landing procedures. The following fixed heights can be adopted:[5 10 30 50 100 200 300];Meanwhile, the maximum aerial UE height shall be revised to 300 m.

	Intel
	In order to make agreement we can consider minimal set of fixed UT heights for evaluations, not precluding other values.

· Fixed aerial UE height is {50, 100, 200, 300} m.

· Other values are not precluded

· Companies should provide their assumption on the fixed aerial UE height

The maximum aerial UE height for the uniform distribution model shall be revised to 300 m.

	QC
	Fixed aerial UE height {50. 100, 200, 300}m


· Proposal
· The maximum aerial UE height for the uniform distribution model is revised to 300 m.

· The optional fixed aerial UE height is {50, 100, 200, 300} m.

· Other values are not precluded.
Handover margin issue

· Current agreement
No related agreemen.
· Views from companies
	Company name
	View

	NTT DOCOMO
	Companies to report their evaluation assumption on the handover margin. Fixed handover margin of 3 dB is also OK.

	Huawei, HiSilicon
	Companies provide their evaluation assumption on the handover margin.

	Nokia, ASB
	· For terrestrial UE, 3dB is used as the handover margin. 

· For aerial UE, companies to provide their evaluation assumption on the handover margin.

	Ericsson
	It is recommended that companies report their assumptions on the handover margin.

	ZTE
	The 3dB can be considered as the baseline for both terrestrial and aerial UEs. Other optimized values will be reported by each company.

	Intel
	Companies provide their evaluation assumption on the handover margin

	QC
	3dB handover margin shall be assumed for baseline evaluation. For aerial UE other values can be considered for possible enhanced handover.


· Proposal

· Handover margin is considered. And it is recommended that companies report their assumptions on the handover margin.

Additional UE antenna numbers

· Current agreement
	Parameters
	UMi AV
	UMa  AV
	RMa AV

	Number of terrestrial or aerial UT antennas 
	TX: 1 or 2 cross polarized; RX: 2 cross polarized

other antenna configurations are not precluded
	TX: 1 or 2 cross polarized; RX: 2 cross polarized

other antenna configurations are not precluded
	TX: 1 or 2 cross polarized; RX: 2 cross polarized

other antenna configurations are not precluded


· Views from companies
	Company name
	View

	NTT DOCOMO
	Current agreement is sufficient. 

	Huawei, HiSilicon
	RX: optionally 4 cross polarized

	Nokia, ASB
	Current agreement is sufficient. 

	Ericsson
	Current agreement is sufficient.

	ZTE
	Current agreement is sufficient. 

	Intel
	Current agreement is sufficient.

	QC
	We think more TX antennas such as 4Tx can also be considered.


· Proposal

· No consensus

· Note: Companies can provide evaluation results with other UE antenna configurations according to the current agreement.

Backhaul delay for interference coordination scheme (e.g., COMP)

· Current agreement
No related agreement
· Views from companies
	Company name
	View

	NTT DOCOMO
	Companies should provide their assumption on the backhaul latency if interference coordination is evaluated.

	Huawei, HiSilicon
	Companies provide their evaluation assumption on the backhaul latency if interference coordination is evaluated.

	Nokia, ASB
	Consider the backhaul link delay of 0ms, 5ms or 50ms in the simulation assumptions.

	Ericsson
	It is recommended that companies report their assumptions on the backhaul latency when evaluating interference coordination schemes.

	ZTE
	The backhaul condition should be reported per company once the CoMP based enhancements are considered. 

	Intel
	Companies should provide their assumption on the backhaul latency if interference coordination is evaluated.

	QC
	Companies should provide their assumption on the backhaul latency if interference coordination is evaluated.


· Proposal

· It is recommended that companies report their assumptions on the backhaul latency when evaluating interference coordination schemes.

Performance metrics for command and control traffic

Currently, no performance metric specific for command and control traffic is agreed.
· Views from companies
	Company name
	View

	NTT DOCOMO
	Reliability can be defined as an additional KPI for command and control traffic. However, RAN2 is providing limited definition on reliability, e.g., definition of packet and in which layer the packet error loss rate is observed is not clear. We would suggest first look at views from companies in this email discussion. If companies have very different understanding on the definition of reliability, let’s further discuss it in the next meeting (either RAN1 or RAN2 to avoid duplicated discussion). 
Definition of reliability is as described in TR38.802. 50 ms latency bound is assumed. CDF curve of reliability is reported. Companies to report their evaluation assumption on latency for reliability calculation.

Regarding the further detail of reliability and latency, we think RAN2 is appropriate WG to discuss. 

	Huawei, HiSilicon
	We are fine to use the definitions of reliability and latency bound from TR38.802, and latency bound can be assumed as 50ms.

	Nokia, ASB
	· CDF curves of reliability (for example packet error loss rate) and latency could be used.

· Companies to report their evaluation assumption on reliability and latency calculation.

	Ericsson
	We are fine to use the definition of reliability in TR 38.802 with 50 ms latency bound as a starting point. However, alignment of understanding is needed in the next meeting.

	ZTE
	The latency bound, i.e., 50 ms in fine. Further discussion could be done for others in next meeting.

	Intel
	Definition of reliability described in TR38.802 can be considered as metrics for command and control traffic. Further discussion is needed.

	QC
	According to RAN2 agreement up to 10-3 Packet Error Loss Rate shall be supported for command & control traffic. We propose to consider this for C&C evaluation. RAN1 needs to discuss the definition of the packet error loss rate and how to use it as performance metric for C&C.


· Proposal

· Reliability with [50] ms latency bound is considered for the evaluation of command and control traffic. 

· FFS until RAN1#90: definition of reliability, e.g., reliability defined in TR 38.802
· FFS until RAN1#90: latency components for evaluation, e.g., queuing delay, processing delay, etc.
· It is recommended that companies report their assumptions on the reliability evaluation until details are agreed.
3. Conclusion

On parameter settings for UE speed,

· UE speed of aerial UE is 160 km/h, horizontal for evaluation purposes only

On parameter for control traffic,

· Command and control traffic in DL and UL

· X = 1250 bytes
· D = 100 ms

· Performance of command and control traffic and data type traffic for aerial UE is separately evaluated.
· Packet throughput is average perceived throughput of a user defined in TR36.814

On additional BS antenna configuration on FD-MIMO

· No consensus. 

Note: Interested companies can provide evaluation results with other BS antenna configurations according to current agreement.

On additional aerial UE height for fixed height evaluation assumption

· The maximum aerial UE height for the uniform distribution model is revised to 300 m.

· The optional fixed aerial UE height is {50, 100, 200, 300} m.

· Other values are not precluded.
On handover margin issue

· Handover margin is considered. And it is recommended that companies report their assumptions on the handover margin.

On additional UE antenna numbers

· No consensus

Note: Companies can provide evaluation results with other UE antenna configurations according to the current agreement.

On backhaul delay for interference coordination scheme (e.g., COMP)

· It is recommended that companies report their assumptions on the backhaul latency when evaluating interference coordination schemes.

On performance metrics for command and control traffic

· Reliability with [50] ms latency bound is considered for the evaluation of command and control traffic. 

· FFS until RAN1#90: definition of reliability, e.g., reliability defined in TR 38.802
· FFS until RAN1#90: latency components for evaluation, e.g., queuing delay, processing delay, etc.
· It is recommended that companies report their assumptions on the reliability evaluation until details are agreed.
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