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1   Introduction

This document identifies issues and observations on Interference Detection for Aerial Vehicle.
[96#37][LTE/UAV] DL and UL Interference detection

-
Discuss other observations from the contributions in 9.4.3 and capture the agreed observations

-
Based on the agreed observations, solutions can be discussed


Intended outcome: Report to next meeting


Deadline: 2017-09-21
Based on the agreed discussion scope, this email discussion will be conducted in the following phase:

Phase 1: 
Consist of the following two discussions:

1.1   Identify and list up the candidate observations for DL and UL interference detection issue. 
1.2   Identify and list up the candidate potential solutions for the problem observed




Deadline:  2017-09-08
Phase 2: 
Consist of the following two discussions:

2.1

Discuss whether the observations identified in phase 1 are technically correct.
2.2

Discuss whether the solutions proposed in phase 1 are technically correct




Deadline: 2017-09-18
2   Phase 1-1: Problems and Observations

An air-borne UE may experience radio propagation characteristics that are likely to be different from those experienced by a UE on the ground. The basic problem identified with regard to UL and DL interference for air-borne Aerial Vehicles are the following [1-7]:
· UL interference:  The UL signal from the aerial vehicle becomes more visible to multiple cells due to line-of-sight propagation conditions. The UL signal from an aerial vehicle increases interference in the neighbor cells.
· DL interference:  Similarly due to line-of-sight propagation, the air-borne Aerial Vehicles may receive strong DL signal from neighboring cells.
With regard to the above UL, DL interference problems, companies are invited to present the observations subject to be discussed. Motivation or assumption underlying the observation should be explained for better understanding.
	No..
	Company
	Motivation/Problem
	Observations

	1
	Nokia
	The observations are proposed based on the simulation results presented in R2-1708665.
	O1: 80% AVs are cell-edge UEs in UMa-AV with agreed baseline simulation assumptions due to very strong inter-cell interference.

O2: At least 9 strongest interference cells are expected to be muted in order to keep same cell-edge AV percentage as cell-edge territorial UEs in UMa-AV.
Companies are invited to comment on these observations, but we would like to add three additional, more general, in case the ones above are deemed too detailed:

O3: The percentage of UAVs experiencing cell-edge like radio conditions is much higher as compared to ground UEs.
O4: The number of neighbouring cells incurring high level of DL interference to UAVs is higher than for ground UEs.
O5: Currently, RSRP and CSI-RSRP reporting mechanisms allow to report measurement results for up to 8 neighbouring cells and/or TRPs, which is insufficient for UAVs, at least in some scenarios (e.g. UMa-AV scenario).

	2
	IPCom
	UL/DL Reciprocity
	The following two observations are based on R2-1708734 (submitted by Interdigital):

O6: DL PL and UL PL for a UAV-UE may differ significantly in some scenarios due to different side lobe orientations, or different channel characteristics in an FDD deployment.

O7: It may not be appropriate to say “UL channel quality can be derived sufficiently well from RSRP measurements”.

	3
	IPCom
	Interference on D2D/V2X
	O8: D2D/V2X operation takes place in UL resources which are vulnerable to interference caused by UAV-UEs. We believe this aspect has not been investigated thoroughly enough.

O9: The level of interference caused by UAV-UEs on sidelink traffic cannot be determined from RSRP measurements.

	4
	InterDigital
	Incomplete information from measurement reports
	O10: Measurement report may miss results of a highly interfered cell. This is likely to happen when e.g. DL transmission power of that cell is lower than neighbouring cell and a large number of cells are detected, given that at most 8 cells are reported and the ranking is based on RSRP.

	5
	Intel
	Interference detection
	The following observations are based on R2-1709038:

O11: DL interference detection can be performed at the UE

O12: UL interference detection can be performed either at the eNB or estimated by the UE
O13: If UL interference detection is performed at the eNB, it is more accurate but require longer latency and signaling exchange between eNBs

O14: If UL interference detection is performed at the UE, the estimate is good without delay if there is reciprocity

	6
	Kyocera
	UL interference 
	O15: UL interference detected at the neighbor eNBs or estimated by the UE will have different consequences in terms of effectiveness in resolving the problem.

O16: Potential UL interference is not the same as actual UL interference.  We assume with today’s BS antenna technology, estimation of potential UL interference esp. based on DL measurements at the UE doesn’t always lead to UL interference at neighbor eNBs. 

	7
	Qualcomm
	Interference due to unobstructed radio conditions (observation based on results in R2-1704155 from RAN2#98.) 
	O17: Even though the amount of interference from neighbor cells for Aerial UEs increases at higher elevations, the radio conditions are also more stable due to unobstructed radio propagation.

	8
	Qualcomm
	General observation on interference detection by network (based on R2-1708238)
	O18. It may be viable to define “estimation” based solution(s) for the network to detect air-borne UEs causing interference; however, there is certain probability of misdetection.

	9
	Lenovo
	UL Interference detection
	The following observation is based on R2-1708973

O19: UL pathloss from neighbor eNB to aerial UE can be roughly deduced by DL pathloss, so that UL interference can be estimated based on aerial UE transmission power and deduced UL pathloss. The difference between UL pathloss and DL pathloss has minor impact for UL interference estimation.

	10
	Lenovo
	Measurement report
	The following observation is based on R2-1708973

O20: the value of maxCellReport in current measurement report is too small for aerial UE in air-borne state. 

O21: Specific and larger TTT value for air-borne UE is beneficial to reduce measurement signaling overhead for aerial UE in air-borne state.

	11
	Lenovo
	Air-borne state indication
	O22: By indicating its air-borne state and ground state to serving eNB, it is beneficial for aerial UE interference control and mobility control, since specific and suitable set of parameters can be used for different scenario

	12
	DOCOMO
	DL  Interference detection
	Based on R2-1709396.

O23: Due to the LOS propagation characteristics, the number of detected cells is higher when the UAV UE is airborne compared to when it is in the ground.

O24: There may be higher number of measurement reports triggered for a certain events (e.g., A3, A4, A5, A6)

	13
	Huawei
	UL Interference detection
	Based on R2-1708541.

O 25： the neighbour eNBs can detect uplink signals from drones, via uplink scheduling information or uplink reference signal configuration, e.g. sounding reference signal, of a specific drone UE from its serving eNB.
O 26：Since DL signals may be transmitted with different RS power levels, not constantly be transmitted with the maximum power value , the UL interference level of the neighbor cells can be evaluated based on the pathloss of neighbor cells, only using RSRP cannot embody the interference level.


	14
	Sequans
	DL AV data requirements
	Based on results and discussion within R1-17114071.

O27: The DL data requirements of AVs are lower compared to those of the terrestrial UEs as it only required to support command and control traffic.  Thus, any agreed DL interference mitigation technique(s) for the improvement of DL SINR of aerials shall not be expected to fully recover their DL SINR degradation compared to the corresponding DL SINR of terrestrial UEs. The improvement shall be sufficient to allow the required DL traffic for command and control information of aerial devices.

	15
	Sequans
	UL AV data requirements
	O28: The UL data requirements of AVs are the same compared to those of the terrestrial UEs as high data rate services (e.g. HD live video streaming) are expected. Thus, any agreed UL interference mitigation technique(s) for the improvement of aerial and terrestrial UEs UL SINR shall be expected to fully recover their respective UL SINR degradation compared to the corresponding UL SINR of terrestrial UEs without the presence of aerials.

	16
	Ericsson
	UL/DL interference
	O29: Once an aerial vehicle is flying well above the BS antenna height, the UL signal from the aerial vehicle becomes more visible to multiple cells due to line-of-sight propagation conditions. The UL signal from an aerial vehicle increases interference in the neighbour cells. The increased interference might give a negative impact to the UE on the ground, e.g. smartphone, IoT device, etc. 


	17
	Ericsson
	Scattered coverage area of the cells for drones
	O30: As the BS antennas are down tilted, while on the ground or below the BS height the UE is likely served by the main lobe of the antennas. However, when drone is flying above boresight, it is likely served by the side lobes of the antennas. Drone may be served by a faraway base station instead of the closest one. 



	18
	LG
	Measurement reporting
	O31: The following observations are based on R2-1709463:

· If UE is in high altitude, it seems beneficial to set Time-to-Trigger to a relatively longer value in order to avoid frequent ping pong.

· If UE is in low altitude, it seems beneficial to set Time-to-Trigger to a relatively lower value in order to avoid late handover and RLF.
· It is beneficial to scale the Time-to-Trigger value depending on the height of UE.


3   Phase 1-2: Identifying Potential Solutions

In this phase, companies are invited to propose the potential solutions for the observations identified in phase 2. For each proposed solution, please indicate how the solution can solve which identified observed problem.

	No
	Company
	Proposed solution for which observed problem
	Standard Impact

	1
	Nokia
	Solution #1:

Enhance the existing RSRP/CSI-RSRP reporting mechanism to support RSRP/CSI-RSRP reporting with more cells.
Motivation: The number of interfering cells is higher for aerial UEs than for ground Ues.
	Small specifications impact

	2
	Nokia
	Once the interference is detected on the network side (which can be done to large extent based on the existing reporting mechanisms as per agreed observations), the network needs to be able to detect whether the interference is coming from the air-borne UE or not in order to undertake proper remedial actions. Therefore, a solution for air-borne UE identification is required to efficiently address interference problem. A mechanism as proposed in R2-1708669 can be used to achieve that. Shortly – it is proposed to capture in the TR air-borne UE identification mechanism based on new measurement events relying on RSRP and RSRQ measurements (with details as explained in R2-1708669).
Solution#2: A new measurement events relying on RSRP and RSRQ measurements (see R2-1708669 for details)
	Small specifications impact (mechanism reuses existing measurement quantities (i.e. RSRP and RSRQ), only new events would have to be specified. 

	3
	IPCom
	Solution #3

In order to solve the UL/DL imbalance, neighbouring base stations could be informed by the serving cell about resources allocated to UAV-Ues to perform UL interference measurements on.
	Signalling over the X2 interface would be required.

	4
	IPCom
	Solution #4

Ues involved in D2D/V2X (residing in coverage of neighbouring cells) should be enabled to detect interference coming from UAV-Ues. If such interference is detected in a D2D/V2X cluster the neighbouring cells may inform the respective UAV-UE’s serving cell.
	UAV-Ues could be configured to transmit a special set of SRS.

Signalling over the X2 interface would be required.

	5
	InterDigital
	Potential solution applicable to Problem #2 (lack of UL/DL reciprocity) and Problem #4 (Incomplete information from measurement reports):
Solution #5:

Interference estimation based on sounding signals (SRS). UAV interference is estimated at the non-serving cell (eNB) based on known SRS configuration of UE.
	May require additional signalling over X2.

	6
	InterDigital
	Potential solution applicable to Problem #4 (Incomplete information from measurement reports)
Solution #6:

UE is configured with an offset for each neighbour cell (corresponding to transmission power) used for ranking of measurement results. Measurement results (RSRP) are ranked by order of decreasing (RSRP minus offset), such that results of cells with smallest path loss are reported.
	Impact to RRC (36.331), e.g. additional parameters in measurement configuration.

	7
	Intel
	Solution #7:

One potential solution for interference detection for both UL and DL are UE based detection. We can reuse existing measurement reporting mechanism by adding a new event. New event can sum the measurement of the neighbouring cells to trigger the UE sends measurement report to the network. In this case, once the measurement report is sent, the network can send interference control indication to the UE.


	Impact to RRC to introduce new events. We can also add UE capability to support such feature.

	8
	Kyocera
	Solution #8:

Somewhat similar to Interdigital first solution (solution#5) option above, the uplink interference estimation can be done at the neighbour eNBs with assistance information from the UAV.  If the neighbour eNB can handle the uplink interference on its own, e.g., reconfiguring the antenna or avoiding resources used by the UAV, then nothing more these to be done.  Otherwise it may be necessary for the neighbour cell to inform the serving cell of the problem if X2 link is available.  This way only the neighbour eNBs that cannot handle the UL interference needs to inform the UAV’s serving eNB if X2 interface can be assumed.  
	May require some RRC changes to introduce assistance information from the UAV.  May require X2 signalling enhancement. 

	9
	Qualcomm
	It is not clear whether the intention is to list potential solutions to detect high interference from ANY UE, or only from air-borne UE.  It is our understanding that RAN1 is also looking at solutions for interference detection and mitigation from air-borne UEs, and any solution that will be standardized will have RAN1 impact. This is also clear from the WID where the leading WG for this is RAN1.
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]

· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells [RAN1, RAN2]

RAN2 will need to define required signalling for the agreed solution. RAN2 should focus on solutions to identify air-borne UE.

With understanding that a high-interference UE is most likely an air-borne UE, following solutions  described in R2-1708238 may be applicable: 

Network coordination to detect high-interference UE:
Solution #9:

Network may be able to compare received power from the UE’s transmissions by the near and far eNBs and coordinate to identify interfering UE. As described in observations above, it is expected that even the far away eNBs could detect the UE’s signals as being strong. 
Solution #10:

In addition, network can evaluate mobility pattern of the UE. Aerial UEs are expected to have less frequent handovers, that means they may be skipping the  neighbour cells in-between the source and target cells, (e.g., a drone may be able to handover from A to C, but ground UE may need to go from A to B to C).

	Mostly eNB implementation. May require X2 signalling enhancement.

	10
	Qualcomm
	Solution #11:

Based on UE’s location/position information

If the UE is reporting positioning info which may be for other use cases, the network can use this information to detect a UE which is not on or near the ground. However, there may be ambiguity in some cases such as between a drone UE and a UE in a high building or an elevated highway. 
	Small impact, e.g., mandate location reporting for Aerial UEs.

	11
	Qualcomm
	Solution #12:

RRC signalling to indicate in-flight mode and/or height reporting
When a UE that is capable of operating as aerial UE is in flight mode, it indicates to the network that it is flying.

Further, height information may also be reported to network (e.g., in measurement report) for interference estimation/detection. This is useful:

- if general position information (Sol#10) is not supported by UE or is not reported.

- since OTDOA positioning is not calculated at the UE, the UE only reports the RSTD and the network computes the position. So, this information may not be known to eNB (but only in the positioning server).
	Small impact. RRC signalling needs to be introduced.

	12
	Qualcomm
	Solution #13: 

Angle-of-arrival estimation

Thanks to MIMO capabilities, the FD-MIMO equipped eNB can estimate angle-of-arrival of the UL signal from the UE, and based on it, the eNB may be able to detect that the signal is coming from the sky, not from the ground. Similar ambiguity as described in Sol#10 may be experienced for this solution also.
	No spec impact foreseen; this is eNB implementation.

	13
	Lenovo
	Solution #14:

UL interference detection (based on R2-1708973)
To estimate the UL interference from air-borne UE to specific neighbour eNB, serving eNB can use aerial UE transmission power subtract corresponding UL pathloss, in which UL pathloss is deduced from DL pathloss. And DL pathloss is deduced based on target neighbour cell DL transmission power and reported RSRP from aerial UE.Target neighbour cell DL transmission power is exchanged between neighbour cell and serving cell via X2 interface.
	Minor spec impact. Only information of target neighbour cell transmission power needs to be specified on X2 interface

	14
	Lenovo
	Measurement report enhancement  (based on R2-1708973)

Solution #15:

1.  maxCellReport  in current measurement report can be extended by: 1) directly extend the value of maxCellReport; 2) define a new parameter e.g. maxCellReportforDrone with larger value than maxCellReport; 3) create a new scaling factor SFDrone for drone, and for measurement report of drone, it can use maxCellReport multiply SFDrone to realize the extension
Solution #16;

2. Specific TTT value can be defined for aerial UE in air-borne state by 1) define a new parameter e.g. timeToTriggerforDrone specifically for drone scenario; 2) create a new scaling factor SFDrone for drone, and for measurement report of drone, it can use timeToTrigger multiply SFDrone to realize the extension
	Small impact on spec. New maxCellReport and TTT value need to be specified

	15
	Lenovo
	Solution #17:

RRC signalling for air-borne state and ground state of aerial UE based on eNB configuration

Firstly eNB can configure aerial UE specific parameters to determine its air-borne/ground state, e.g. height threshold, by RRC signalling. This is because which height is representing for air-borne state is related to eNB’s antenna height, which is only known by eNB. Secondly, when aerial UE notice it’s in air-borne/ground state according to configured threshold, it can indicate it’s state to eNB by RRC signalling, so that eNB can take different action e.g. do interference mitigation or mobility control.
	Signalling enhancement

	16
	DOCOMO
	Solution #18:

Adding new event for measurement reporting that could be useful not only to detect DL interference, but also to minimize the number of MR sent.

 The proposal for the new event is to define an event that would only triggered a MR when the triggered cell satisfying the event is equal to N (N>1).

Similar with  Intel’s proposal, once the eNB receives this kind of MR, it can perform interference control/mitigation mechanism that maybe specified by RAN1.
	Impact to RRC to introduce new events.

	17
	Huawei 
	Solution #19: UE-specific signalling based detection. 
Neighbour eNBs can get uplink scheduling information or uplink reference signal configuration, e.g. sounding reference signal, of a specific drone UE in its serving eNB. Then it is feasible for neighbour eNBs to detect uplink signals from drones, as long as the receiving timing of the neighbour eNB can synchronizes with the receiving timing of the serving eNB.
Solution #20: Pathloss Evaluation based detection
eNB obtains RS transmission power of its neighbor cells, and derive the pathloss of neighbor cells bases on the RSRP values reported from UE. After that, the UL interference level of the neighbor cells can be evaluated based on the pathloss of neighbor cells.
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	Solution 1: X2 standard impact for exchanging uplink scheduling information or uplink reference signal configuration of specific UE between eNBs.
Solution 2: Possible X2 signaling for exchanging RS transmission power information;

	18 
	Sequans
	Problem: AV interference detection


We share the same view for QC solutions #10, 11, 12 and Lenovo #15.

Solution#21:

For solution #10, and given that the UE position is provided using OTDOA, the existing OTDOA method needs to be extended to allow estimation of the z-component. The ambiguity with indoor UEs can be avoided by adding more criteria such as velocity and path-loss estimation, which can work complementary. 

For solution #15, the height threshold can be determined by the network depending on parameters such as eNB antenna height, network environment, average building height, street width, etc. 
	Solution #10: OTDOA updates to support z-axis position.



	19
	Sequans
	Problem: AV interference detection

Solution#23: Angle spread estimation.

Angle spread estimation is not an efficient standalone method for aerial vehicle detection because ground UEs can also experience low AS when e.g. in LOS. However, it can be an ideal complementary method to other aerial device detection methods because aerial devices have higher LOS probability which results to very narrow angle spreads.
	No spec impact, eNB implementation specific method.

	20
	Sequans
	Problem: AV interference detection

Solution#24: Communication of Aerial Vehicle indication over X2-interface

Once a eNB has estimated a UE to be an aerial, this information shall be able to be communicated over the X2-interface to potential future serving cells to the aerial. 
	Minor X2-signaling update. 

	21
	Ericsson
	Solution#25:

The RRM measurement reports such as Reference Signal Received Power (RSRP) or Reference Signal Received Quality (RSRQ) can be used to deduce a potential flying UE. For example, if the UE reports high RSRP for far away cells, or certain event generates a lot of RSRP reports, network may deduce the UE is possibly flying. Network may also compare RSRP and RSRQ values as typically even reported RSRP values would be high, due to DL interference the RSRQ values might be relative low.
	No standard impact if we use existing measurement mechanism

	22
	Ericsson
	Solution #26:
It would be beneficial that measurement reports are triggered when the signal strength conditions resemble the airborne UE situation. For example, an airborne UE would likely see more cells with similar signal strength and an airborne UE would likely see more far away cells than a ground UE due to the difference in propagation conditions. Thus, for example, UE could trigger measurement report of e.g. X number of cells have signal strength above -90dBm and below -70dBm. Another possibility is to trigger report when UE sees certain cells, e.g. certain configured far away cells.
	Standard impact for trigger condition

	23
	Ericsson
	Solution#27:

Mobility history reports can be in identifying a flying UE. A flying UE might have different HO rate and/or the PCIs of the target and source cell might belong to cells that are not close neighbours.


	No standard impact foreseen

	24
	Ericsson
	Solution#28:

In an LTE network, ToA estimation is used to determine the TA adjustment value. Thus, ToA estimate and TA adjustment value are readily available in the serving cell. Both ToA estimate and TA adjustment value reflect the round-trip propagation delay between a UE and the eNB. As an aerial UE is able to connect to a farther away cell than terrestrial UE, high TA value might imply that the UE is flying. Thus, both ToA estimate and TA adjustment values can be used to identify an aerial UEs.


	No standard impact foreseen

	25
	Ericsson
	Solution#29:

The network may also consider estimating the position of the UE to identify if the UE is flying.
	No standard impact foreseen

	26
	Ericsson
	Solution#30:

Speed estimation via Doppler analysis may be used, with the assumption that indoor UEs are of low mobility and flying UEs are of higher mobility.
	No standard impact foreseen

	27
	Ericsson
	Solution#31:

Use of FD-MIMO solutions. For example, in CLASS B FD-MIMO, network may configure k beams from which UE selects the most suitable one. If one or more of these beams are directed upwards, a UE selecting such beam is potentially a flying UE.
	No standard impact foreseen

	28
	LG
	To prevent late handover problem due to inappropriate measurement reporting condition or signalling overhead by frequent measurement reporting related to potential ping-pong handover problem:

Solution#32:

eNB configure the Time-to-trigger value depending on the height of UE. In addition, aerial UE optionally scales the Time-to-trigger value depending on the height according to the given scaling information from eNB.
	Small impact. one scaling factor is introduced in RRC specification.


4   Phase 2-1: Discussion for each identified observation
Companies are invited to comment on whether the observations identified in Phase 1 are technically correct. 
The observations proposed in section 3 are grouped into several criteria which potentially becomes the “identified problem”.

Rapporteur’s note: This section should also result into formulation of identified problems.
4.1    UL/DL Interference - radio propagation impact
O3: The percentage of UAVs experiencing cell-edge like radio conditions is much higher as compared to ground UEs.
O4: The number of neighbouring cells incurring high level of DL interference to UAVs is higher than for ground UEs.

O17: Even though the amount of interference from neighbor cells for Aerial UEs increases at higher elevations, the radio conditions are also more stable due to unobstructed radio propagation.
O23: Due to the LOS propagation characteristics, the number of detected cells is higher when the UAV UE is airborne compared to when it is in the ground.

O29: Once an aerial vehicle is flying well above the BS antenna height, the UL signal from the aerial vehicle becomes more visible to multiple cells due to line-of-sight propagation conditions. The UL signal from an aerial vehicle increases interference in the neighbour cells. The increased interference might give a negative impact to the UE on the ground, e.g. smartphone, IoT device, etc. 

O30: As the BS antennas are down tilted, while on the ground or below the BS height the UE is likely served by the main lobe of the antennas. However, when drone is flying above boresight, it is likely served by the side lobes of the antennas. Drone may be served by a faraway base station instead of the closest one. 

	No.
	Company
	Comment/Reasoning

	O3, O4
	Ericsson
	In the agreed RAN1 TP R1-1714859, the problem of ‘Downlink interference on aerial UTs’ is already identified with results (in Clause 6.1). Hence, it is not necessary to redefine it.  This is similar conclusion as captured by O3 and O4. 

	O23
	Ericsson
	RAN1 has email discussion ongoing on RSRP statistics which will be used to determine the number of interfering cells at different altitudes.

	O29
	Ericsson
	RAN1 is looking into collecting IoT statistics which will be used to capture the UL interference problem.

As both working groups are discussing capturing similar observations, we should in the end combine similar conclusions in the TR. For now, we can capture from RAN2 perspective and add editor’s note that e.g. in final email discussion input from both working groups on same aspect are merged.

	O17
	Ericsson
	The channel models in TR captures this observation. We do not see need to recapture.

	O3,4
	Intel
	Agree with the observations. We are ok with either capturing it or leave it out as Ericsson mentioned

	O17
	Intel
	While this observation is true for some cases, I was wondering if it is true for all cases and height.

	O29
	Intel
	This observation should be true also for the aerial vehicle below BS antenna height. I think “above” can be change to “about” or “close to” 

	O30
	Intel
	I wondering antenna pattern is up to NW implementation. If we draw O30 as observation, it seems contradict O17,23 and 29.

	O3
	InterDigital
	Ok to keep, but suggest to replace “cell-edge like radio conditions” to something a bit less ambiguous such as “low geometry” (or “low DL SINR”).

	O3, O4, O23,O29
	Kyocera
	We agree with these observations.  

	O29, 030
	Kyocera
	Seems to be implementation dependent.

	O3, O4, O23, O29, O30
	Nokia
	We agree with these observations

	O17
	Nokia
	We think this observation needs more analysis (simulation results) to be proven right or wrong.

	O23, O30
	Qualcomm
	Agree with Intel’s comment on O30. Last part of O30 may be merged with O23 as “Due to the LOS propagation characteristics, the number of detected cells is higher when the UAV UE is airborne compared to when it is in the ground. Drone may be served by a faraway base station instead of the closest one.”

	O3, O4, O23, O29, O30
	Lenovo
	We agree with these observations

	O17
	Lenovo
	We are wondering whether this observation is true for all heights and all scenarios (UMi-AV, UMa-AV, RMa-AV)

	O3, O4, O23, O29
	ETRI
	We agree with these observations. Similar view with Ericsson.

	O3, O4, O23
	LG
	We agree to capture

	O17
	LG
	We also wonder if the observation is applicable to all airspace scenarios. Center area of the serving cell is definitely more stable due to unobstructed radio propagation.

	O30
	LG
	Agree with Intel’s comment

	O3, O4, O23, O29, O30
	Huawei
	We agree with these observations. 

	O17
	Huawei
	Although from LOS propagation characteristics point of view, the radio conditions are also more stable. However, considering the low transmission power level of side lobes of the antennas, the radio conditions may be deteriorated. 

	O3, O4
	DOCOMO
	Agree with these observations. Similar view with Ericsson that the observation is captured in RAN1 agreed TP (R1-1714859)

	O17
	DOCOMO
	Agree with the observation for a certain case/height. Since RAN1 is investigating the same subject (i.e., looking at the RSRP statistic) maybe it would be good to wait for their result.

	O23
	DOCOMO
	Similar as the above 017, from the RSRP statistic hopefully we can see the characteristics for LOS, interference in different heights.

	O29
	DOCOMO
	Agree with the observation, but “negative impact to the UE” may need to have further justification. May be good to check whether the evaluation in RAN1 captures this.

	O30
	DOCOMO
	Although antenna setting/pattern depends on NW implementation, if we can agree that the down tilt is done for LTE NW, this observation can be agreeable. 

We think that it is not necessarily that O30 would contradict O17, O23, O29.


Summary:

O3,O4:
The observations are agreeable. RAN2 need to check whether the TR already captured this and if addition is needed.

O17:

More discussion is needed. RAN2 should wait until RAN1 finalized their study on RSRP statistics.

O23, O29: 
The observations are agreeable. However, coordination with RAN1 on their study on RSRP statistics before capturing is needed.

O30:
The observation is assuming existing antenna tilt setting for LTE system. RAN2 should further discuss if this proposal is agreeable when considering that assumption.

4.2   Interference detection mechanism solution - general
O11: DL interference detection can be performed at the UE

O12: UL interference detection can be performed either at the eNB or estimated by the UE

O13: If UL interference detection is performed at the eNB, it is more accurate but require longer latency and signaling exchange between eNBs
O15: UL interference detected at the neighbor eNBs or estimated by the UE will have different consequences in terms of effectiveness in resolving the problem.

O18. It may be viable to define “estimation” based solution(s) for the network to detect air-borne UEs causing interference; however, there is certain probability of misdetection.
O25： the neighbour eNBs can detect uplink signals from drones, via uplink scheduling information or uplink reference signal configuration, e.g. sounding reference signal, of a specific drone UE from its serving eNB.
	No.
	Company
	Comment/Reasoning 

	O11,12
	Ericsson
	O11- O12 can be captured in principle with the UL/DL reciprocity observations in next section. For O11, O12, it should be clarified that a UE can help via some measurement reporting, and the eNB performs UL/DL interference detection. 

	O13, O15
	Ericsson
	O13 is a pros/cons statement for solutions requiring network coordination. O15 refers to the same statement by “difference”? Propose to capture this with the related solution proposal.

	O18
	Ericsson
	A general comment on solutions based estimation. Propose to be captured with related solutions.

	O25
	Ericsson
	Is a network coordination solution where eNB needs UL scheduling or SRS configuration information of suspected drone UEs. Proposed to be captured similarly as other network coordination solutions.

	O11,12
	Intel
	Agree with both 

	O13,O15,O18
	Intel
	We are ok with capture together with O11,12 as Ericsson stated

	O25
	Intel
	May be in general can be captured either UE based or network based solution 

	O11, O12
	InterDigital
	The network (and not the UE) performs RRM, thus suggests to reword as follows: 

“(O11) DL interference detection can be performed based on measurements reported by the UE”

“(O12) UL interference detection can be performed based on measurements at the eNB or estimated based on measurements reported by the UE”.

	O13, O15, O18, O25
	InterDigital
	Agree with Ericsson that this is more part of solution pro/cons analysis than “observation”. Also, it is unclear what aspect of “latency” is referred to here. There is latency in setting up UL sounding configuration and sharing the info to neighbor eNBs, but this needs to be done only at the beginning. The latency in reporting interference information to the serving eNB is a bit more critical, but it is not clear if it is significantly higher than the latency of DL-based approach. 

	O11, O12, O15, O25
	Kyocera
	We agree with this.

	O18
	Kyocera
	We don’t think such a statement of “certain probability of misdirection” is needed as that is based on the type of solution and network implementation.

	O13
	Kyocera
	We agree that the detection at the network is more accurate, but wonder if the longer latency and signaling exchange between is dependent on the solution as some solution may not require much if any signaling exchange. 

	O11
	Nokia
	OK, but can also be done at the eNB based on UE measurement reporting (similar to Ericsson comment)

	O12
	Nokia
	We are not convinced that UL interference detection can be done by the UE. R2-1709038 mentions that this can be done by the UE based on DL measurements if there is reciprocity. However, even when this is assumed, certain UE’s activity in UL affects the level of interference it causes to neighbouring cells very much.

	O13
	Nokia
	We do not agree with that observation. At some point the signalling needs to be sent to the eNB anyway (so that eNB actually does something about that), so in total the latency will be the same.

	O15
	Nokia
	We are not sure what is the meaning of this observation.

	O18
	Nokia
	OK. The solution should minimize the potential for misdetection.

	O25
	Nokia
	It looks to us like a solution and not the observation. 

	O11, O12
	Qualcomm
	Same view as InterDigital. Ok with revised wording from IDC.

	O13, O15
	Qualcomm
	Same view as Ericsson and others

	O11, O12
	Lenovo
	We agree with Ericsson’s comments

	O13, O15, O18, O25
	Lenovo
	We agree with Ericsson’s comments that these observations are related to solutions or itself is a solution, and it’s better to capture them in related solutions section.

	O11, O12, O18
	ETRI
	We agree with these observations.

	O13
	ETRI
	Even though we basically agree with this, more analysis is needed.   

	O25
	ETRI
	It seems like a solution as not an observation. 

	O11, O12, O13, O25
	LG
	We generally agree to capture but O13 needs to clarify more. For O13, latency issue could be N/W implementation problem.

	O11, O12
	Huawei
	Agree with InterDigital’s rewording.

	O13, O15, O25
	Huawei
	We are ok with capture O13, O15, O25 together.

	O18
	Huawei
	We don’t think the evaluated objective of “there is certain probability of misdetection” is clear. Which kind of “estimation” based solution(s) for the network to detect air-borne UEs causing interference?


Summary:

O11, O12:

The general observations are agreeable. Preferably to be reworded as follows:





“(O11) DL interference detection can be performed based on measurements reported by the UE”

“(O12) UL interference detection can be performed based on measurements at the eNB or estimated based on measurements reported by the UE”.
O13, O15:

The observation is not agreeable.

O18:
The observation is not agreeable. But this may be included as general requirement for “estimation” based solution when the NW performs the interference detection.

O25:
The observation is not agreeable. But this may be included together as the other network based solution.

4.3    Interference detection mechanism: UL/DL reciprocity
O6: DL PL and UL PL for a UAV-UE may differ significantly in some scenarios due to different side lobe orientations, or different channel characteristics in an FDD deployment.
O14: If UL interference detection is performed at the UE, the estimate is good without delay if there is reciprocity

O16: Potential UL interference is not the same as actual UL interference.  We assume with today’s BS antenna technology, estimation of potential UL interference esp. based on DL measurements at the UE doesn’t always lead to UL interference at neighbor eNBs.
	No.
	Company
	Comment/Reasoning

	O6, O16
	Ericsson
	We propose way to capture O6 and O16: “DL PL and UL PL for a UAV-UE may differ in some scenarios where reciprocity does not hold e.g. due to different side lobe orientations, or different channel characteristics in an FDD deployment”

	O14
	Ericsson
	As it would be network that does the actual interference detection we would prefer to state “UL interference detection  may be possible by network based on feedback from UE depending on e.g. reciprocity assumption”

	O6,O14
	Intel
	We also intend to agree with Ericsson wording is more suitable

	O6, O14, O16
	IPCom
	Ericsson’s proposed wording is fine with us.

	O6, O16
	InterDigital
	Fine with Ericsson suggestion

	O14
	InterDigital
	Similar comment as for O12. The rewording proposed by Ericsson is fine, but O12 and O16 could be merged.

	O6, 016
	Kyocera
	We agree with both observations, but do not think they should be combined since they address different aspects.

	014
	Kyocera 
	We are fine with Ericsson’s wording.

	O6
	Nokia
	The Ericsson wording would be ok, but do we have some information to actualy prove that this happens in real deployments?

	O14
	Nokia
	It is hard to say if the estimate is good as we do not know how UE makes the estimation. What this should probably saying is that estimation based on DL RSRP is good for UL if there is reciprocity.

	O16
	Nokia
	Agree with that. What matters is also UE activity in UL.

	O6, O16
	Qualcomm
	Fine with Ericsson’s suggestion

	O14
	Qualcomm
	O12 and O14 could be merged

	O6
	Lenovo
	We are wondering what is the actually scenario in reality deployment that UL/DL has very different side lobe orientations. We didn’t see such scenarios.

	O14
	Lenovo
	We are fine with Ericsson’s suggestions

	O16
	Lenovo
	Agree with the observation

	O6, O16
	ETRI
	We agree with these observations. Ericsson’s wording is preferable. 

	O6,O14
	Huawei
	We also intend to agree with Ericsson proposals.

	O16
	Huawei
	Agree with that.


Summary:
O6, O16:
The observations are agreeable. Proposed to reword the observations as follows:

“DL PL and UL PL for a UAV-UE may differ in some scenarios where reciprocity does not hold e.g. due to different side lobe orientations, or different channel characteristics in an FDD deployment”
O14:

The observation is agreeable. Proposed to reword it as follows:

“UL interference detection  may be possible by network based on feedback from UE depending on e.g. reciprocity assumption”
4.4   Measurement quantity to use for UL interference detection
O7: It may not be appropriate to say “UL channel quality can be derived sufficiently well from RSRP measurements”.
O19: UL pathloss from neighbor eNB to aerial UE can be roughly deduced by DL pathloss, so that UL interference can be estimated based on aerial UE transmission power and deduced UL pathloss. The difference between UL pathloss and DL pathloss has minor impact for UL interference estimation.
O 26：Since DL signals may be transmitted with different RS power levels, not constantly be transmitted with the maximum power value , the UL interference level of the neighbor cells can be evaluated based on the pathloss of neighbor cells, only using RSRP cannot embody the interference level. 
	No.
	Company
	Comment/Reasoning

	O7
	Ericsson
	This is already a solution proposal, we propose to capture: “RSRP may be used as one of the metrics for UL interference estimation in certain scenarios”

	O19, O26 
	Ericsson
	This looks like solutions proposal. We propose to capture that “RSRP based estimation can be readily used with current specification even some enhancements to measurement events may be beneficial. Path loss based estimation seems to require specification effort before it can be used.“

	O7
	Intel
	Not sure if we understand O7, it should be listed the reason rather than just say “not appropriate” as far as our understanding, RSRP is one of the better metrics to use so far. We don’t preclude other metrics if there is good reason 

	O7
	IPCom
	Moving forward with Ericsson’s proposed wording is fine with us.

	O7
	InterDigital
	Agree with Ericsson suggestion.

	O19
	InterDigital
	Not sure if we can state the difference between UL/DL pathloss has always minor impact, this would seem to depend on how much difference there is.

	O26
	InterDigital
	Agree with the observation, but suggest to reword as:

“Estimation of UL interference at neighbor eNB using RSRP measurements from the UE also require knowledge of RS power levels used at neighbor eNBs.”

	O7
	Kyocera
	We assume this really means “RSRP measurements alone do not always provide sufficient estimation of UL channel quality”. 

	O19
	Kyocera
	This is the counterpart of O6 whereby O6 is true in some cases and the other cases O19 is true.  We’re fine to capture both.

	O7
	Nokia
	Very vague observation. In our opinion in most of the situations DL RSRP of neighbouring cells is a good estimate of potential UL interference UE may cause, so we do not agree with that observation.

	O19
	Nokia
	We think we would need to see some proof, at least for the second sentence in this observation before being able to capture it.

	O26
	Nokia
	Tend to agree, but once the cell is deployed it does not change its Tx power or it does only in exceptional circumstances. Also, Interdigital’s suggested wording sounds clearer.

	O7, O26
	Qualcomm
	Ok with Ericsson’s proposed rewording for O7. O26 may be used as further clarification for O7 instead of separate observation. E.g.:

“RSRP may be used as one of the metrics for UL interference estimation in certain scenarios. Since DL signals may be transmitted with different power levels (i.e. not constantly transmitted with the maximum power value), only using RSRP cannot fully estimate the interference level.”

	O19
	Qualcomm
	It seems this is also related to channel reciprocity. We agree with the observation in general (while also agreeing with IDC’s comment). May be merged with reciprocity related observations.

	O7, O26
	Lenovo
	Agree with Ericsson suggestion

	O7
	ETRI
	Agree and Ericsson’s wording is preferable

	O26
	ETRI
	Agree and InterDigital’s wording is preferable

	O7
	LG
	We agree with Ericsson’s comment

	O26
	LG
	We agree with Nokia’s comment

	O7
	Huawei
	Although the description is not so clear, it is correct. As illustrated in O26, since DL signals may be transmitted with different RS power levels, not constantly be transmitted with the maximum power value, the UL interference level of the neighbor cells can be evaluated based on the pathloss of neighbor cells, only using RSRP cannot embody the interference level.

	O19
	Huawei
	Agree with that.

	
	
	


Summary:

O7, O26:

The observations may be agreeable with the following rewording:
“RSRP may be used as one of the metrics for UL interference estimation in certain scenarios. Estimation of UL interference at neighbor eNB using RSRP measurements from the UE may require enhancements to the current specifications, e.g., the knowledge of RS power levels used at neighbor eNBs”.
O19:


The observation may be captured together with reciprocity related observation. See rewording for O14.
4.5    Interference detection mechanism: Problem in existing Reporting mechanism
O5: Currently, RSRP and CSI-RSRP reporting mechanisms allow to report measurement results for up to 8 neighbouring cells and/or TRPs, which is insufficient for UAVs, at least in some scenarios (e.g. UMa-AV scenario).
O10: Measurement report may miss results of a highly interfered cell. This is likely to happen when e.g. DL transmission power of that cell is lower than neighbouring cell and a large number of cells are detected, given that at most 8 cells are reported and the ranking is based on RSRP.
O20: the value of maxCellReport in current measurement report is too small for aerial UE in air-borne state.
O21: Specific and larger TTT value for air-borne UE is beneficial to reduce measurement signaling overhead for aerial UE in air-borne state.
O22: By indicating its air-borne state and ground state to serving eNB, it is beneficial for aerial UE interference control and mobility control, since specific and suitable set of parameters can be used for different scenario
O24: There may be higher number of measurement reports triggered for a certain events (e.g., A3, A4, A5, A6)

O28: The following observations  based on R2-1709463:

- If UE is in high altitude, it seems beneficial to set Time-to-Trigger to a relatively longer value in order to avoid frequent ping pong.

- If UE is in low altitude, it seems beneficial to set Time-to-Trigger to a relatively lower value in order to avoid late handover and RLF.

- It is beneficial to scale the Time-to-Trigger value depending on the height of UE.
	No.
	Company
	Comment/Reasoning

	O22
	Ericsson
	O22 is a solution and corresponding solution is already listed as S12 and S17, suggested to be removed from observation. 



	O5, O10, O20
	Ericsson
	O5, O10, O20 are same and that depends how blacklist and whitelist are used. 



	O21, O31
	Ericsson
	O21 and O31 are same in principle and more like solutions.

These observations could be revisited after RAN1 provides more simulation results related to these e.g. RSRP statistics.

	O24
	Ericsson
	O24 valid in cases drone UEs are able to keep the connection and do not declare RLF. Could state more relative to terrestrial UEs.

	O5, O10, O20
	Intel
	Agree with Ericsson comments, these 3 should be merged. 

	O21
	Intel
	Larger TTT in general for all UE will reduce measurement signaling overhead. This observation is particularly for air0borne UE. The tradeoff comes with delay etc. Solely this observation may be misleading. 

	O22
	Intel
	This is not an observation but rather solutions. We need to further study and compare solutions

	O24
	Intel
	Higher number of measurement reporting may only be applied for some cases. Not sure if it is true for all cases

	O28
	Intel
	This is a solution. Not sure if this can be true for all cases. Long TTT also tradeoff with HOF.

	O5, O10, O20
	InterDigital
	Ok with merging the observations, suggest to capture as follows

“Measurement report may not contain results for all significantly interfered cells due to limit on the number of reported cells and ranking of results by RSRP without considering eNB transmission power”.

	O21, O22, O28
	InterDigital
	These could be merged as a single observation that states that “the TTT value that results in best performance may depend on the altitude of the UE”. O22 is a solution, not an observation.

	O5, O10, O20
	Kyocera
	We agree with Ericsson’s view.

	O21, O24,

O28
	Kyocera
	We think it’s too early to make such observations without further evaluations.

	O5, O10, O20
	Nokia
	OK

	O21
	Nokia
	Not sure about that yet. We should wait for simulation results.

	O22
	Nokia
	The observation would be ok (that different sets of parameters may be applicable to UEs in the air), but it already suggests a solution, which should be further discussed.

	O24, O28
	Nokia
	Not sure about that yet. We should wait for simulation results. Also – this is not an observation, but a solution.

	O5, O10, O20
	Qualcomm
	Ok with IDC’s suggestion

	O21, O22, O28
	Qualcomm
	Ok with IDC’s suggestion

	O24
	Qualcomm
	Same comment as Intel, not sure if this is always true, and not clear when it is true.

	O5, O10
	Lenovo
	Agree with the observation, and OK to merge O5, O10 and O20

	O24
	Lenovo
	Not sure whether higher number of measurement reports happens for all events

	O28
	Lenovo
	Agree with the observation

	O5, O10, O20
	ETRI
	Agree with Ericsson comments. 

	O21, O28
	ETRI
	Agree with InterDigital’s comments

	O5, O10, O20, O21, O22, O28
	LG
	We agree with InterDigital’s comment

	O5, O10, O20
	Huawei
	These three observations can be merged and we agree with them.

	O22, O24, O28
	Huawei
	They are solutions.


Summary:
O5, O10, O20:
The observations area agreeable. Proposed to merge the observations as follows:

“Measurement report may not contain results for all significantly interfered cells due to limit on the number of reported cells and ranking of results by RSRP without considering eNB transmission power”.
O21, O24:


These observations are not agreeable as such but may be revisited once simulation result are clear.

O22, O28:


These seem to be solutions and already covered in S12 and S17.

4.6   Requirements for DL interference mitigation technique
O27: The DL data requirements of AVs are lower compared to those of the terrestrial UEs as it only required to support command and control traffic.  Thus, any agreed DL interference mitigation technique(s) for the improvement of DL SINR of aerials shall not be expected to fully recover their DL SINR degradation compared to the corresponding DL SINR of terrestrial UEs. The improvement shall be sufficient to allow the required DL traffic for command and control information of aerial devices.
	No.
	Company
	Comment/Reasoning

	O27
	Ericsson
	Interference mitigation is handled by RAN1 by SI description. Not to be captured by RAN2.

	O27
	Intel
	Agree with Ericsson, no need to capture

	O27
	InterDigital
	Is this related to DL interference detection? (e.g. leading to conclude that it may not be required to detect DL interference).

	O27
	Kyocera
	Only the first sentence needs to be captured.

	O27
	Nokia
	Not agree – C&C traffic needs to be highly reliable, so will require good SINR. How good improvement can be expected is yet to be seen.

	O27
	Lenovo
	Agree with Ericsson, no need to capture

	O27
	ETRI
	We share with Ericsson’s view.

	O27
	LG
	No need to capture

	O27
	Huawei
	The reliability requirement of C&C traffic is high. And RAN1 is handling the evaluation the issues of high PDCCH BLER. Hence, more RAN1 conclusion is needed to justify the observation.

	O27
	Huawei
	The reliability requirement of C&C traffic is high. And RAN1 is handling the evaluation the issues of high PDCCH BLER. Hence, more RAN1 conclusion is needed to justify the observation.

	O27
	DOCOMO
	Agree with the above companies that RAN2 does not need to capture this issue.


Summary:

With the understanding that the UL/DL Interference mitigation study (observations on problems and solution) will be discussed in RAN1, RAN2 does not need to address the issue.s
4.7   Requirements for UL interference mitigation technique
O28: The UL data requirements of AVs are the same compared to those of the terrestrial UEs as high data rate services (e.g. HD live video streaming) are expected. Thus, any agreed UL interference mitigation technique(s) for the improvement of aerial and terrestrial UEs UL SINR shall be expected to fully recover their respective UL SINR degradation compared to the corresponding UL SINR of terrestrial UEs without the presence of aerials.
	No.
	Company
	Comment/Reasoning

	O27
	Ericsson
	Interference mitigation is RAN1 by SI description. Not to be captured by RAN2.

	O28
	Intel
	Agree with Ericsson, no need to capture

	O28
	InterDigital
	O27/O28 taken together could be interpreted as “UL interference detection is more critical than DL interference detection”. This would probably be true given that UL interference impacts more UE’s. 

	O28
	Kyocera
	We don’t think this observation is always the case so no need to capture it. 

	O28
	Nokia
	In general, we should mitigate interference as good as possible, but we agree there is nothing to be captured.

	O27/28
	Qualcomm
	Same view as IDC

	O28
	Lenovo
	Agree with Ericsson, no need to capture

	O28
	ETRI
	We share with Ericsson’s view.

	O28
	LG
	No need to capture

	O28
	Huawei
	Agree with the above companies, no need to capture

	O28
	DOCOMO
	Agree with the above companies.


Summary:
With the understanding that the UL/DL Interference mitigation study (observations on problems and solution) will be discussed in RAN1, RAN2 does not need to address the issue.

4.8   Detail observation based on certain tdoc
O1: (based on R2-1708665)80% AVs are cell-edge Ues in Uma-AV with agreed baseline simulation assumptions due to very strong inter-cell interference.
O2: (based on R2-1708665) At least 9 strongest interference cells are expected to be muted in order to keep same cell-edge AV percentage as cell-edge territorial Ues in Uma-AV.

	No.
	Company
	Comment/Reasoning

	all
	Ericsson
	This sort of observations can be considered if corresponding results are captured. This discussion was to our understanding for general level trends and solutions for those.

	O1,O2
	Intel
	Similar comments as previously, these observations can only applied to some cases. Capturing as general observations may be mis-leading.

	O1,O2
	InterDigital
	O1 could be captured as an example in support of O3. Similar comment as for O3, i.e. “cell-edge” should be replaced by something more specific like “low DL SINR”. Not sure if O2 needs to be captured at a high level.

	O1, O2
	Kyocera
	Agree with both Ericsson and Intel.

	
	Nokia
	We were worried that these observations, relating to specific results, couldnot be agreeable in that form. That is why we porposed O3-5 instead. We are ok not to capture O1-2 and wait for the simulation results based on 3GPP agreed assumptions.

	
	Qualcomm
	Same view as Ericsson.

	O1, O2
	Lenovo
	We think general observations are enough as in O3. O1 and O2 can be captured as evaluation results


Summary:
Detail observation based on certain specific simulation result will only be captured in the TR if the result itself is also captured. We can comeback if these does not covered by the general observations.
4.9   Other: Impact to D2D/V2X 
O8: D2D/V2X operation takes place in UL resources which are vulnerable to interference caused by UAV-Ues. We believe this aspect has not been investigated thoroughly enough.

O9: The level of interference caused by UAV-Ues on sidelink traffic cannot be determined from RSRP measurements.
	No.
	Company
	Comment/Reasoning

	
	Ericsson
	Out of scope of the SI

	
	Intel
	Agree with Ericsson

	
	IPCom
	Study Item RP-171050 gives us a mandate to work on “Solutions to detect whether UL signal from an air-borne UE increases interference in […] neighbour cells […]”. Interference in a cell may be experienced by eNBs at their Rx antenna or by Ues that are involved in D2D/V2X operations on UL resources.

The observations O8 and O9 therefore fall inside the scope of this Study Item.

We also believe both observations are technically correct.

	O8, O9 
	Kyocera
	Although we agree these are good points, but further discussion may be needed to determine whether this is within the scope of the SI. 

	O8
	Nokia
	True that for D2D/V2X UL resources are used, so how will this be different from UL interference?

	O9
	Nokia
	If it can for UL, then why it can’t for sidelink (which uses UL resources)?

	
	Qualcomm
	Same view as IPCom. Interference from V2X to Drones should be within the study scope and the observations are correct. These can be merged with other observations related to RSRP. (Second part of O8 may not be captured as is.)

	O8, O9
	Lenovo
	Agree with Ericsson

	O8, O9
	LG
	Out of scope in this SI. We don’t need to discuss now.

	08, 09
	DOCOMO
	Out of scope of this SI.


Summary:

Observation on impact to D2D/V2X will not be captured in the SI.

5   Phase 2-2: Discussion for each potential solution
Companies are invited to comment on whether the potential solutions proposed in Phase 1 are technically correct. 

5.1   Identify (airborne) UE causing interference: NW based – with standard impact
S3: In order to solve the UL/DL imbalance, neighbouring base stations could be informed by the serving cell about resources allocated to UAV-Ues to perform UL interference measurements on.
Rapporter’s note: Question on S3: can this be considered a solution to identify UE causing interference or purely for UL/DL imbalance problem?
IPCom’s answer: Our initial thinking was to simply inform neighbouring base stations about UL resources used by UAV-Ues to determine the interference level with high accuracy on exactly these resources. However, this method could theoretically be enhanced to also identify UAV-Ues.
S5: Interference estimation based on sounding signals (SRS). UAV interference is estimated at the non-serving cell (eNB) based on known SRS configuration of UE.
S19: UE-specific neighbor based detection. 

Neighbour eNBs can get uplink scheduling information or uplink reference signal configuration, e.g. sounding reference signal, of a specific drone UE in its serving eNB. Then it is feasible for 
eighbor eNBs to detect uplink signals from drones, as long as the receiving timing of the 
eighbor eNB can synchronizes with the receiving timing of the serving eNB.
S14:

UL interference detection (based on R2-1708973)

To estimate the UL interference from air-borne UE to specific neighbor eNB, serving eNB can use aerial UE transmission power subtract corresponding UL pathloss, in which UL pathloss is deduced from DL pathloss. And DL pathloss is deduced based on target neighbor cell DL transmission power and reported RSRP from aerial UE.Target neighbour cell DL transmission power is exchanged between neighbour cell and serving cell via X2 interface.
S20: Pathloss Evaluation based detection

eNB obtains RS transmission power of its neighbor cells, and derive the pathloss of neighbor cells bases on the RSRP values reported from UE. After that, the UL interference level of the neighbor cells can be evaluated based on the pathloss of neighbor cells.
S24: Communication of Aerial Vehicle indication over X2-interface

Once a eNB has estimated a UE to be an aerial, this information shall be able to be communicated over the X2-interface to potential future serving cells to the aerial.
	No.
	Company
	Comment/Reasoning (if necessary for each solution)

	All+S9, S10 from below
	Ericsson
	Collect all solutions based on network node coordination under one solution. For example: network nodes may share information on scheduling decisions, UL SRS configurations, detected interference levels, path loss estimations and UE identities(if needed) similar to CoMP. 

RAN2(/RAN1) would not be the correct group the evaluate the possible standardization effort needed or feasible.

	all
	Intel
	Agree with Ericsson, these should be grouped together as NW based solution. It can discussed what will need to be coordinated etc.

	All
	InterDigital
	It may be better to group according to whether solution relies on UL measurements (S3, S5, S19, S9), relies on DL measurements (S14, S20), or that are used to identify aerial UEs (S24, S10, S12, S25, S27, S28, S29, S30, S31)

Otherwise we will end up grouping a lot of solutions that have very different requirements in terms of network coordination. Some of them may require very dynamic X2 signaling while others could be achieved using relatively static information (that could even be shared through OAM). Also, at the end all solutions could be considered “NW-based” since RRM is done by the network.

	S5, S19
	Kyocera
	These two solutions may be grouped together with differences pointed out in the same paragraph. 

	S3
	Nokia
	Already possible through High Interference Indicator (HII).

	S5, S19
	Nokia
	This would work only for synchronized networks. Additionally, to measure interference, one would have to create additional interference with SRS while similar effects can already be achieved by DL RSRP measurement and HII.

	S14, S20
	Nokia
	We agree this would work. We can discuss further whether Tx power of eNB needs to be exchanged or provided by O&M.

	S24
	Nokia
	This could be useful, but seems unrelated to interference discussion.

	All
	Nokia
	We agree that we could capture a solution family of network based solutions and it should be further checked whether standardization effort is needed or not (i.e. existing mechanisms suffice). We also agree that the solution based on UE UL signal should be captured separately.

	S9
	Qualcomm
	Agree with Ericsson’s view to move S9 to above section (but not S10). 

	S25
(S24?
	Qualcomm
	Makes sense

	S10, S27
	Qualcomm
	S27 is essentially same as S10

	S28
	Qualcomm
	Not sure how this works. Is the assumption that PRACH is used very frequently? All other channels are TA-ed, and if the ToA does not match closely, my understanding is decoding fails.

	S29
	Qualcomm
	Makes sense (although there is some possibility of mis-detection.) 

	S30
	Qualcomm
	Not sure if high mobility for Drones is always correct to assume. Specially, the drones used for inspection are more in hovering mode instead of high-speed.

	S31
	Qualcomm
	Should be grouped along with S13. Even without using specific beams, NW should be able to estimate AoA without spec impact.

	S3
	Lenovo
	If the indicated resource means the dynamically allocated resource for data transmission of aerial UEs, we think X2 interface exchange is too slow to perform interference measurement

	S5, S19
	Lenovo
	Agree with Nokia that these two solutions needs network synchronization which is the additional requirements for network deployment especially for FDD system.

	S20
	Lenovo
	Agree with this solution

	S24
	Lenovo
	Seems this is an incomplete solution, e.g. what is this exchanged aerial information used for? Is this used for interference detection or mobility enhancements? Not so clear by above description

	All
	Lenovo
	We agree to capture all these solutions into network based solution. We also think that although the standardization effort and feasible of network coordination is not suitable to be discussed in RAN2, it suggested that what information need to be coordinated should be discussed in RAN2 since the information is highly related to specific solutions.

	All
	ETRI
	Basically agree with Ericsson’s suggestion. Some grouping of solutions seems to be needed as mentioned by InterDigital. 

	All
	LG
	We agree with Ericsson’s comment.

	S14, S20
	Huawei
	We agree with Nokia.

	S24
	Huawei
	This could be part of RRM history information.


Summary:

All of the potential NW based solutions will be captured in the TR. The solutions will be grouped into into what information be used for identification (DL measurements, UL measurements, others) . Whether there is standard (or no standard impact) will also be clarified.
5.2   Identify (airborne) UE causing interference: NW based – with no standard impact
S9:

Network may be able to compare received power from the UE’s transmissions by the near and far eNBs and coordinate to identify interfering UE. As described in observations above, it is expected that even the far away eNBs could detect the UE’s signals as being strong.
S10:

In addition, network can evaluate mobility pattern of the UE. Aerial Ues are expected to have less frequent handovers, that means they may be skipping the  signaling cells in-between the source and target cells, (e.g., a drone may be able to handover from A to C, but ground UE may need to go from A to B to C).
S25:

The RRM measurement reports such as Reference Signal Received Power (RSRP) or Reference Signal Received Quality (RSRQ) can be used to deduce a potential flying UE. For example, if the UE reports high RSRP for far away cells, or certain event generates a lot of RSRP reports, network may deduce the UE is possibly flying.
S27:

Mobility history reports can be in identifying a flying UE. A flying UE might have different HO rate and/or the PCIs of the target and source cell might belong to cells that are not close neighbours.
S28

Both ToA estimate and TA adjustment value reflect the round-trip propagation delay between a UE and the eNB. As an aerial UE is able to connect to a farther away cell than terrestrial UE, high TA value might imply that the UE is flying. Thus, both ToA estimate and TA adjustment values can be used to identify an aerial Ues.
S29:

S29:The network may also consider estimating the position of the UE to identify if the UE is flying.
S30:

Speed estimation via Doppler analysis may be used, with the assumption that indoor Ues are of low mobility and flying Ues are of higher mobility.
S31:

Use of FD-MIMO solutions. For example, in CLASS B FD-MIMO, network may configure k beams from which UE selects the most suitable one. If one or more of these beams are directed upwards, a UE selecting such beam is potentially a flying UE.
	No.
	Company
	Comment/Reasoning (if necessary for each solution)

	S9, S10
	Ericsson
	Capture with other network based solutions. 

	S27 to S31
	Kyocera
	We assume some of these need to be group together as each one alone may not be sufficient to identify a flying UE.  For example, depending on whether there are terrestrial Ues in nearby high-rise buildings S28 or S29 alone may not be sufficient.

	S9
	Nokia
	This is possible through overload indication (OI) and High Intereference Indication (HII) signaling exchange already. But ok to capture.

	S10
	Nokia
	Not sure how this related to interference detection/mitigation.

	S25
	Nokia
	Yes, but we should have means to reduce the 
ignaling overhead.

	S27
	Nokia
	We did not see any proof that this works. We should not capture speculations in the TR.

	S28
	Nokia
	We are not sure that it can be assumed that the UE will always be connected to far-away cell. Again, this is rather speculation at the moment.

	S30
	Nokia
	What about Ues in a car or train? Does not seem to be a good idea.


	S31
	Nokia
	What about detecting legacy Ues, which are flying while not certified for that? This seemed to be one of the main issues in the SID.

	S9
	Qualcomm
	In response to Nokia’s comment: It is not related to interference detection per se. But the assumption is that if network is able to detect a drone, then it can apply potential interference mitigation.

	S27
	LG
	The solution cannot cover all type of scenarios. For instance, there could be a case that UAV used for hobby flies with unpredictable pattern. 

	S9
	Huawei
	Capture with other network based solutions together.

	S10
	Huawei
	Not sure about “Aerial Ues are expected to have less frequent handovers”. This needs to be checked by simulation results.

	S25 to S31
	Huawei
	Capture as a group of solutions to identify a flying UE via assistant information. Some solutions are left to eNB implementation.


Summary:S9:

Will be captured as potential NW based solution with standard impact.
The rest of the solution will be captured as NW implementation based solution without standardization impact.

5.3   Identify (airborne) UE causing interference – UE based : in-flight mode indication – with standard impact
S12:

RRC signaling to indicate in-flight mode and/or height reporting
	No.
	Company
	Comment/Reasoning (if necessary for each solution)

	S12+S17 from below
	Ericsson
	Support to be captured as one solutions S12 with S17. 

	S12
	Intel
	If captured, we need to first understanding how to identify UE is in in-flight mode, what is the benefit and what is the problem if the detection is false alarm. 

	S12
	Kyocera
	We wonder if S12 is only about identity airborne Ues, but not necessary one that causes interference.  We also wonder if this is intended to be different from S17 below.

	S12
	Nokia
	Yes, geolocation reporting can be used for that, but only by Ues supporting that feature. It would not work for the Ues not supporting that, but used as air-borne UEs without certification.

	S12
	Lenovo
	Agree with Ericsson suggestion

	S12
	LG
	If we capture UAV identification/certification, this solution doesn’t need to be captured. When the UAV enters RRC_CONNECTED, it means that the UAV already start to fly. The remaining problem is whether the UAV is hovering or not.

	S12
	Huawei
	We don’t think eNB can trust the UE’s indication of the flying status. We prefer to use S11, based on UE’s location/position information.

	S12
	Qualcomm
	In response to Intel’s question: the drone-capable UE knows whether it is flying or not, and it reports to network when it is flying. So there is no problem of false alarm. (The assumption is the UE is not a regular terrestrial smartphone piggybacking on a flying device.)

	
	
	


Summary:
Most of the companies have doubts on the definition of in-flight mode and whether it can already covered by geo-location reporting. Further discussion is needed.
5.4   Identify (airborne) UE causing interference – UE based : MR reporting enhancement – with standard impact
S1:
 Enhance the existing RSRP/CSI-RSRP reporting mechanism to support RSRP/CSI-RSRP reporting with more cells
S2:
A new signaling events relying on RSRP and RSRQ measurements (see R2-170866 for details)
S6:

UE is configured with an offset for each signaling cell (corresponding to transmission power) used for ranking of measurement results. Measurement results (RSRP) are ranked by order of decreasing (RSRP minus offset), such that results of cells with smallest path loss are reported.
S7:

One potential solution for interference detection for both UL and DL are UE based detection. We can reuse existing measurement reporting mechanism by adding a new event. New event can sum the measurement of the neighbouring cells to trigger the UE sends measurement report to the network. In this case, once the measurement report is sent, the network can send interference control indication to the UE.
S16:
Specific TTT value can be defined for aerial UE in air-borne state by 1) define a new parameter e.g. timeToTriggerforDrone specifically for drone scenario; 2) create a new scaling factor SFDrone for drone, and for measurement report of drone, it can use timeToTrigger multiply SFDrone to realize the extension
S17:

RRC signaling for air-borne state and ground state of aerial UE based on eNB configuration e.g. height threshold, by RRC signaling.
S18:

The proposal for the new event is to define an event that would only triggered a MR when the triggered cell satisfying the event is equal to N (N>1).
S26:

It would be beneficial that measurement reports are triggered when the signal strength conditions resemble the airborne UE situation. For example, an airborne UE would likely see more cells with similar signal strength and an airborne UE would likely see more far away cells than a ground UE due to the difference in propagation conditions. Thus, for example, UE could trigger measurement report of e.g. X number of cells have signal strength above -90dBm and below -70dBm. Another possibility is to trigger report when UE sees certain cells, e.g. certain configured far away cells.
S32:

eNB configure the Time-to-trigger value depending on the height of UE. In addition, aerial UE optionally scales the Time-to-trigger value depending on the height according to the given scaling information from eNB.
	No.
	Company
	Comment/Reasoning (if necessary for each solution)

	S1 
	Ericsson
	Assuming that drone is able to keep the connection live to be able to send measurement results: Depends how whitelist and blacklist are used. Further, increasing report size has a con that if an event triggers often, the amount of RSRP reported becomes even larger. 

	S2
	Ericsson
	New events might be needed.

	S6
	Ericsson
	How does these offsets help in ordering RSRP results? What is the benefit to current way?

	S7, S18
	Ericsson
	These solutions involve a delay as measurement results are not triggered when first cell triggers even but when accumulated quantity, by summing RSRP, or by counting number of cells, triggers the event. Especially with S18 it may be difficult to set the threshold properly.

	S16, S32
	
	Which way it is proposed to be scaled for drones and why? If TTT is increased in increases the amount of reports. If TTT is decreased the event is not valid for long. 

	S1 
	Intel 
	Support to be captured

	S2
	Intel
	S2 needs to clarify further what is the new events

	S6
	Intel
	Same question as Ericsson, not sure how offset helps.

	S7,18
	Intel
	S7,S18 may be combined with S2 since both are proposing new events

	S16
	Intel
	We are not sure what is the benefit for scaling TTT and what is the tradeoff

	S17,32
	Intel
	We are not sure what is the benefit for defining different state based on height

	S26
	Intel
	This can be grouped to new measurement event solution

	S1
	InterDigital
	Agree with Ericsson that increasing report size may result in excessive signaling.

	S2
	InterDigital
	Unclear if the approach is robust to RSSI measurement errors/biases that are UE-specific (and unknown by network). 

	S6
	InterDigital
	The offset is applied to RSRP only for purpose of ranking results in report, to ensure that at least the cell that is most interfered is included in the report. This info is required by the serving eNB to determine the maximum acceptable UE power level.

The offset for a specific cell is configured based on the DL transmission power of that cell, such that results corresponding to lowest path loss are included first. Here is an example:

Cells 1-8: TxP = 43 dBm, 106 dB < PL < 110 dB, (-67 dBm > RSRP > -63 dBm)

Cell 9:      TxP = 37 dBm, PL = 105 dB,                  (RSRP = -68 dBm)

With existing specification, the ranking for inclusion in the report is by RSRP such that Cells 1-8 would be included but Cell 9 would “fall off” the report given the maximum of 8 cells. However, the actual interference caused to Cell 9 is the highest of all since the path loss to that cell is the lowest. To avoid this issue, 36.331 can specify that results are ranked by order of best (RSRP+offset), with the offset configured as follows:

Cells 1-8: offset = 0 dB      (-67 dBm > RSRP+offset > -63 dBm)

Cell 9:      offset = 6 dB      (RSRP+offset = -62 dBm)

Then Cell 9 will be included (before Cells 1-8) in measurement report such that a measurement report of 8 cells would contain results for Cell 9, achieving the goal of including the most interfered cell(s). (Note that the offset does not need to be applied to the actual RSRP values included in the report, since it is only used for ranking.). 

It should be noted that increasing the maximum number of cells in the report can also help with this issue but would not eliminate it as there can be many strong neighbor cells (with different Tx powers) detected by the UAV.

	S7
	InterDigital
	Isn’t it possible to use RSRQ as measurement quantity to achieve the same result?

	S1
	Kyocera
	Agree with Intel

	S2, S7, S18

S26
	Kyocera
	Agree with Intel these should be combined.

	S6
	Kyocera

	Agree with Ericsson

	S16
	Kyocera
	Agree with Ericsson and Intel.

	S17
	Kyocera 
	We wonder if the example of “height threshold” would be determined based only on the serving eNB or also require coordination with all neighbor eNBs. 

	S2
	Nokia
	The events are described in R2-170866.

	S6
	Nokia
	Alternatively, to avoid setting the offset, the network could take into consideration known Tx power of neighbouring cells to estimate potential interference. This would have less specifications impact.

	S7
	Nokia
	Yes, some enhancement to RSRP/RSRQ reporting is beneficial to redcue 
ignaling, but we are not sure what ‘interference indication to the UE’ and what the UE is supposed to do with it.

	S16
	Nokia
	Same effect can be achieved via dedicated 
ignaling. We do not think drone-specific scaling parameters make sense. It would be a big burden to specify which Ues and when are allowed to use those.

	S17
	Nokia
	This could make sense, but other factors need to be considered as well, e,g. UE speed etc. so might be easier to use dedicated configuration. Might be worth studying further in our opinion.

	S18
	Nokia
	This could be useful.

	S32
	Nokia
	Might be hard to specify proper setting as also the speed counts.

	S1
	Qualcomm
	Ok 

	S2, S7, S18
	Qualcomm
	Solutions propose new event. Not convinced why new events are required. 

	S16, S32


	Qualcomm
	Solutions relate to TTT. Agree with Ericsson.

	S17
	Qualcomm
	It is better to clarify that the “state” here means “modes”.

	S1
	Lenovo
	Support to be captured

	S2
	Lenovo
	Generally think new event trigger might be needed, but further clarification is needed for what kind of new event trigger is in this solution description

	S6
	Lenovo
	In this solution actually the measurement results is ranked by pathloss and UE need to obtain the DL transmission power of the measured cells. We think this requires UE read SIBs of measured cell which will increase the measurement delay and power consumption. Further, DL transmission power obtained by every UE is a redundancy work. We think eNB to obtain the DL transmission power from the neighbor cells is enough. Thus we are not support such solution

	S7
	Lenovo
	This solution could be useful. The sum of the measurement results e.g. RSRP could reflect the total interference that serving cell is suffering by intra-frequency neighboring cell. Compared with other triggers e.g. the number of measured cells fulfill the threshold, this might be more accurate and more useful

	S18, S26
	Lenovo
	This solution could work but has the cons that report should be triggered but not triggered according to this condition. For example, if there has two cells causing large interference but counting cell number is set to 3, then the measurement report is not triggered, and the large interference still exist.

	S32
	Lenovo
	Support this solution

	S1
	ETRI
	Support to be captured.

	S2
	ETRI
	We think new events are needed. Further discussion is required for clarification.

	S17, S18
	ETRI
	It seems to be basically feasible approaches for interference detection. 

	S16
	LG
	We support

	S32
	LG
	For Ericsson’s comment on S32:

We think that is not for report validation issue since figuring out the proper TTT value for UAV is to support the aerial UE’s mobility with exact timing. This solution is related to O28

	S1
	Huawei
	This is too general, and could be grouped into measurement report enhancement solution with other solutions.

	S2, S7,S18, 26 
	Huawei
	We support to enhance the measurement report mechanism. However, whether new measurement events are needed requires further study. 

	S16, S17,S32
	Huawei
	Unclear if the solutions can identify UE causing interference. It seems more like solutions for mobility enhancement.


Summary:
S2, S7, S18, S26:
Most companies think that new events to assist the NW to identify airborne UE are considered beneficial. What kind of events are useful to be defined should be further discussed.

Other proposed solutions will not be included at this stage, since companies have different opinions.

5.5   Identify (airborne) UE causing interference – UE based : positioning function – with standard impact
S11:

Based on UE’s location/position information

If the UE is reporting positioning info which may be for other use cases, the network can use this information to detect a UE which is not on or near the ground.
S21:

For solution #10, and given that the UE position is provided using OTDOA, the existing OTDOA method needs to be extended to allow estimation of the z-component. The ambiguity with indoor Ues can be avoided by adding more criteria such as velocity and path-loss estimation, which can work complementary.
	No.
	Company
	Comment/Reasoning (if necessary for each solution)

	
	Ericsson
	Down prioritized in the SI

	
	Intel
	Agree with Ericsson to deprioritized 

	
	Kyocera
	Agree with Ericsson

	S11, S21
	Nokia
	S11 does not seem to require standard changes. In any case, we think we should capture those geo-location solutions in the TR. This has lower priority, but it is part of the SI description. 

	
	Qualcomm
	Agree with Nokia’s view.

Given that these are probably the most straightforward and low-complexity solutions, I do not see a rational behind deprioritizing. (Is it because they are so far down the list in the document that people lose interest by page 25? 😊). 
For solution 21: one way to allow estimation of z-component is to report UE height.

	S11
	Lenovo
	We think UE reporting positioning information is useful because positioning information is the key element that to differentiate aerial UEs and terrestrial UEs. We think it’s better not to de-prioritize positioning related solutions.

	S21
	Lenovo
	This solution seems do not have specification impact and could be moved into next section

	S11
	LG
	We agree with Lenovo

	S11
	Huawei
	S11 requires small standard changes, e.g. mandating location reporting for the drones. And it is useful for the network to detect the UE flying status. We agree with Nokia to capture this geo-location solution in the TR. 

	S11
	DOCOMO
	Agree with Huawei that there is a standard impact to request the UE to report the geo-location information that is available in the UE (or to request the UE to acquire location information for UAV purposes). We can capture this solution in the TR but may need some clarification to decide whether this solution should/should not be deprioritized. 


Summary:
S11, S21:
Discuss further the standard impact to support identification based on positioning function to decide whether this need to be deprioritized.
5.6   Identify (airborne) UE causing interference – UE based : positioning function – with NO standard impact
S13:

Angle-of-arrival estimation
	No.
	Company
	Comment/Reasoning (if necessary for each solution)

	
	Ericsson
	Down prioritized in the SI

	
	Intel 
	Agree with Ericsson to deprioritized

	
	Kyocera
	Agree with Ericsson

	S13
	Nokia
	S13: It is a possibility, but would work only for specific MIMO-enabled eNBs.

	
	Qualcomm
	This is categorized wrongly. This should be grouped along with S31 NW based – with no standard impact.

	S13
	Lenovo
	Agree with Qualcomm

	
	Huawei
	It is only for MIMO equipped eNB, down prioritized in the SI.

	S13
	DOCOMO
	We are wondering whether Angle-of-Arrival information in the “existing geo-location” information given by the supporting UE is something for free that is always existed in the geo-location positioning reporting result?


Summary:
S13:
Assuming that Angle-of-Arrival is part of the geo-location (latitude, longitude, height) information, this solution will be  merge with the solutions in section 5.5.
Rapporteur’s note: It may be beneficial to discuss what kind of geo-location information that can comes for free (i.e., whether height and angle-of-arrival will always be reported in addition to latitude and longitude).

5.7   Other: UE based solution for D2D/V2X
S4: Ues involved in D2D/V2X (residing in coverage of neighbouring cells) should be enabled to detect interference coming from UAV-Ues. If such interference is detected in a D2D/V2X cluster the neighbouring cells may inform the respective UAV-UE’s serving cell.
	No.
	Company
	Comment/Reasoning (if necessary for each solution)

	all
	Ericsson
	Out of scope of the SI

	
	Intel
	Out of scope

	
	Kyocera
	Agree with Ericsson


	S4
	Nokia
	Would work only in case D2D or V2X is implemented in the network and there is a certain number of Ues having this capability in the network/cell.

	S4
	Qualcomm
	Same view as Nokia. But our view is this is within the scope of SI.

	S4
	Lenovo
	Out of scope of SI

	S4
	LG
	Out of scope of SI

	
	Huawei
	Agree with Nokia


Summary:
S4:
 Since D2D/V2X is out of the scope of this SI, this solution will not be considered.

6   Summary and Proposal

11 companies participated in this email discussion.

The following are the summary and proposed way forward for each discussion (observation and/or solutions):
6.1   Potential Observations discussion
1.  UL/DL Interference - radio propagation impact
O3,O4:
The observations are agreeable. RAN2 need to check whether the TR already captured this and if addition is needed.

O17:


More discussion is needed. RAN2 should wait until RAN1 finalized their study on RSRP statistics.

O23, O29: 
The observations are agreeable. However, coordination with RAN1 on their study on RSRP statistics before capturing is needed.

O30:
The observation is assuming existing antenna tilt setting for LTE system. RAN2 should further discuss if this proposal is agreeable when considering that assumption.
2. Interference detection mechanism solution – general
O11, O12:

The general observations are agreeable. Preferably to be reworded as follows:



 “(O11) DL interference detection can be performed based on measurements reported by the UE”

“(O12) UL interference detection can be performed based on measurements at the eNB or estimated based on measurements reported by the UE”.

O13, O15:

The observation is not agreeable.
O18:
The observation is not agreeable. But this may be included as general requirement for “estimation” based solution when the NW performs the interference detection.
O25:
The observation is not agreeable. But this may be included together as the other network based solution.
3. Interference detection mechanism: UL/DL reciprocity
O6, O16:
The observations are agreeable. Proposed to reword the observations as follows:

“DL PL and UL PL for a UAV-UE may differ in some scenarios where reciprocity does not hold e.g. due to different side lobe orientations, or different channel characteristics in an FDD deployment”

O14:
The observation is agreeable. Proposed to reword it as follows:

“UL interference detection  may be possible by network based on feedback from UE depending on e.g. reciprocity assumption”
4. Measurement quantity to use for UL interference detection
O7, O26:
The observations may be agreeable with the following rewording:

“RSRP may be used as one of the metrics for UL interference estimation in certain scenarios. Estimation of UL interference at neighbor eNB using RSRP measurements from the UE may require enhancements to the current specifications, e.g., the knowledge of RS power levels used at neighbor eNBs”.

O19:
The observation may be captured together with reciprocity related observation. See rewording for O14.
5. Interference detection mechanism: Problem in existing Reporting mechanism
O5, O10, O20:
The observations area agreeable. Proposed to merge the observations as follows:

“Measurement report may not contain results for all significantly interfered cells due to limit on the number of reported cells and ranking of results by RSRP without considering eNB transmission power”.

O21, O24:
These observations are not agreeable as such but may be revisited once simulation result are clear.

O22, O28:


These seem to be solutions and already covered in S12 and S17.
6. Requirements for DL interference mitigation technique
With the understanding that the UL/DL Interference mitigation study (observations on problems and solution) will be discussed in RAN1, RAN2 does not need to address the issue.s
7. Requirements for UL interference mitigation technique
With the understanding that the UL/DL Interference mitigation study (observations on problems and solution) will be discussed in RAN1, RAN2 does not need to address the issue.
8. Detail observation based on certain tdoc

Detail observation based on certain specific simulation result will only be captured in the TR if the result itself is also captured. We can comeback if these does not covered by the general observations.
9. Other: Impact to D2D/V2X

Observation on impact to D2D/V2X will not be captured in the SI.
6.2   Potential Solutions discussion

1. Identify (airborne) UE causing interference: NW based – with standard impact
All of the potential NW based solutions will be captured in the TR. The solutions will be grouped into into what information be used for identification (DL measurements, UL measurements, others) . Whether there is standard (or no standard impact) will also be clarified.
2. Identify (airborne) UE causing interference: NW based – with standard impact

S9:
 Will be captured as potential NW based solution with standard impact.
The rest of the solution will be captured as NW implementation based solution without standardization impact.
3. Identify (airborne) UE causing interference – UE based : in-flight mode indication – with standard impact
Most of the companies have doubts on the definition of in-flight mode and whether it can already covered by geo-location reporting. Further discussion is needed.

4. Identify (airborne) UE causing interference – UE based : MR reporting enhancement – with standard impact
S2, S7, S18, S26:

Most companies think that new events to assist the NW to identify airborne UE are considered beneficial. What kind of events are useful to be defined should be further discussed

Other proposed solutions will not be included at this stage, since companies have different opinions.

5. Identify (airborne) UE causing interference – UE based : positioning function – with standard impact
S11, S21:
Discuss further the standard impact to support identification based on positioning function to decide whether this need to be deprioritized.

6. Identify (airborne) UE causing interference – UE based : positioning function – with NO standard impact
S13:
Assuming that Angle-of-Arrival is part of the geo-location (latitude, longitude, height) information, this solution will be  merge with the solutions in section “Identify (airborne) UE causing interference – UE based : positioning function – with standard impact”
Rapporteur’s note: It may be beneficial to discuss what kind of geo-location information that can comes for free (i.e., whether height and angle-of-arrival will always be reported in addition to latitude and longitude).
7. Other: UE based solution for D2D/V2X
S4:
 Since D2D/V2X is out of the scope of this SI, this solution will not be considered.
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