[bookmark: _Toc193024528]3GPP TSG-RAN WG2 #100						R2-1713451
Reno, Nevada, USA, 27th November – 1st December 2017

[bookmark: Source]Agenda Item:		9.4.4.3
Source: 	Ericsson (Rapporteur)
Title: 	Summary on [99b#61][LTE/UAV] Identify potential solutions on mobility enhancement
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
This document identifies potential solutions on mobility enhancements
[99b#61][LTE/UAV] Identify potential solutions on mobility enhancement (Ericsson)
Based on the papers in 9.4.4
The solutions for interference detection can also be considered
	Intended outcome: discussion report
	Deadline: Thursday 2017-11-09

Based on the agreed discussion scope, this email discussion will be conducted in the following phase:
Phase 1: 	Identify potential solutions on mobility enhancement
			Deadline:  2017-11-02
Phase 2: 	Discuss whether and how the proposed solution should be captured in TR
			Deadline: 2017-11-09
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Phase 1: Identifying Potential Solutions
In this phase, companies are invited to propose the potential solutions for mobility enhancements based on papers submitted under 9.4.4 in RAN2#99bis and from email discussion for DL and UL Interference detection [1].

	No
	Company
	Proposed solution
	Standard Impact

	0
	Company A
	Solution 1,2,3,4,.. 
One solution per row. Companies can provide multiple solutions.
	Yes/No
(if there is impact, please explain)

	
	Huawei
	Network coordination solution
A reserved DL resource can be allocated for aerial UEs within PDSCH region. Multiple physical cells, which construct a coordinated cell set as a virtual large cell for aerial UEs, jointly transmit common channels, control channel and data channel. The aerial UEs can access the virtual cell, and is transparently served by the virtual cell.
As a result, the DL SINR can be improved for aerial UEs, and the throughput for aerial UEs can be improved correspondingly. The handover frequency can also be reduced.
[image: ]
	Yes
For RAN2, the virtual cell related procedures need to be specified, e.g. measurement mechanism and coordination cell set management mechanism  ; RAN1 is supposed to design virtual cell specific channel, e.g. sync channel

	[bookmark: _Hlk497913168]2
	Ericsson

	An airborne aerial UE would see more cells with similar signal strength and an airborne aerial UE would see more far away cells than a terrestrial UE.  Thus, measurement triggering conditions for airborne aerial UE could be defined based on the signal strength of multiple cells and/or far away cells.  Examples:
a. An airborne aerial UE triggers a measurement report if X number of cells have signal strength between -90dBm and -70dBm. 
b. UE triggers measurement report when it sees certain cells, e.g. configured far away cells.

	Standard impact for trigger condition

	3
	Ericsson
	It would be beneficial that measurement reports in an airborne aerial UE are triggered early and such that the reporting is not excessive. Triggering multiple reports causes UL overhead and UL interference. For example, report could be triggered with a low threshold and then apply a prohibit timer to limit subsequent reports.

	Standard impact for trigger condition

	4
	Ericsson
	Speed estimation via Doppler analysis may be used, with the assumption that indoor terrestrial UEs are of low mobility and flying aerial UEs are of higher mobility. As with terrestrial high speed UEs, this information can be used for parameter tuning and HO decisions.
	No standard impact foreseen

	5
	Ericsson
	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, these beams are able to provide better channel quality for airborne aerial UEs as well as to recognize and airborne UE.
	No standard impact foreseen

	6
	Ericsson
	Mobility history reports are used, since a flying aerial 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

	7
	Kyocera
	The triggering of measurement report may be based on the potential for UL interference to neighbouring cells.  The candidate cells to be included in the measurement report depend on configurable thresholds assuming DL-UL reciprocity to estimate UL pathloss.
Other factors to consider for enhancing the measurement report:
1. Interference based on UL pathloss by itself doesn’t necessary imply the level of interference is not acceptable by the neighbouring eNBs; therefore the list of neighbouring cells to be included in the measurement report should include a list of cells whereby the interference is intolerable. 
2. NW-based UL detection based on e.g., SRS may be used to assist with the UAV’s measurement report.
	Yes
Standard impact on the trigger condition and to increase the number of reported cells.  
Further standards impact for enhancing measurement report.

	8
	Kyocera
	There should be an option for cells to configure system information with cell selection/reselection related system information specifically for UAVs.  
	Yes, there may be UAV specific configurations needed in SIB.

	9
	Lenovo
	“Air-borne/ground” state indication
Aerial UE can use RRC signalling to indicate its flying status to eNB, e.g. whether aerial UE is flying in the sky or near the ground. The determination for air-borne/ground state of aerial UE can be based on eNB configuration: eNB can configure threshold to distinguish air-borne or ground state, and aerial UE will determine the state based on the configured threshold. Since the air-borne state is related to eNB antenna height, only eNB know the threshold.
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
	Yes. 
Standard impact on the “air-borne/ground” state indication signalling design, and eNB configuration for thresholds.

	10
	Lenovo
	Air-borne aerial UE can trigger measurement report if the sum of RSRP from seen neighbour cells larger than a threshold, 
	Yes
Standard impact on the measurement trigger condition

	11
	Lenovo
	Cellular assisted geo-fencing
[bookmark: _Hlk497917583]Currently aerial UE geo-fencing is done by itself according to the regulation. However, such method can be hacked or avoided easily. Instead, cellular network assisted geo-fencing has more control for the aerial UE geo-fencing if cellular communication is the vital feature, and has less possibility to be hacked or be avoided.
Cellular assisted geo-fencing can be realized by allowed cell list for specific aerial UE, i.e. aerial UE is allowed to fly in which cells. Such allowed cell list can be translated from restriction flying area for specific UE from regulation point of view. With such information, eNB can enhance mobility control for aerial UE that the aerial UE can only be handover to such allowed cells. 
	Yes
Standard impact on the “allowed cell list” obtain and usage, and handover based on such information

	12
	Lenovo
	Conditional handover
Handover command can be transmitted in advance, and aerial UE will perform handover only when specific thresholds are reached. 
By conditional handover, it can avoid the handover command transmission failure at cell edge due to strong neighbour cell interference, and conditional handover can save the handover latency from handover signalling procedure of measurement report, handover decision, handover request, admission control, handover request ACK, handover command, so that the handover failure probability can be decreased for aerial UEs that with high flying speed
	Yes
Standard impact on handover scheme

	13
	Lenovo
	Usage of flying path plan of aerial UE
Flying path plan is the aerial UE planned flying route especially in autopilot flying mode. Such kind of information can help directional handover, and also help for cell (re)-selection when aerial UE in IDLE mode.
	Yes
Standard impact on flying path plan reporting and related mobility enhancements

	14
	Lenovo
	Dedicated location information report
Currently location information report is piggyback on RRM measurement report, which cannot fulfil the requirements for aerial UEs. A dedicated location information report can be considered.
	Yes
Standard impact on dedicated location information report

	15
	Nokia
	UE’s airborne status (e.g. altitude, speed, 3-D location/coordinates and/or 3-D heading direction) indicated to RAN.
It would be helpful in HO parameters adjustment (e.g. UAV-specific TTT). More details disclosed in [2].
	Probably yes, some parameters from LocationInfo could be considered and reused

	16
	Nokia
	Existing solutions should be assessed (as described in [2]): 
· Mobility State Estimation
· Mobility History Reporting
· UE Assistance Information
	Most likely - no impact

	17
	Nokia
	Mobility robustness enhancements taking advantage of the known UAV route/path
[bookmark: _GoBack]Cells could be prepared in advance (e.g. with the UE context). 3-D heading direction, suggested several rows above, could be exploited to predict the upcoming cells the UAV UE will visit.  Faster HOs and more efficient Connection Reestablishment (in case of RLF/HOF) could be expected. More aspects outlined in [2].
	Yes, UAV UE can provide the information during RRC Connection establishment. Alternatively – UTM can indicate Core Network the expected UAV path.

	18
	Nokia
	Similarly to what has been suggested above by Kyocera – some cell-specific/UAV-related parameters could be broadcasted in SI
	Yes, at least SIB impact.

	19
	Intel
	Measurement report triggering based on sum of multiple neighbouring cell above a threshold
	Yes, new event needs to be introduced

	20 
	Intel
	[bookmark: _Hlk497917801]UAV supports cell via SIB to allow the UE to identity which cells support UAV feature. This can be used in cell reselection or selection. 
	Yes, SIB

	21
	Intel
	Network coordination with blank subframe during handover to reduce the interference to the UE
	No. This can be based on NW implementation

	22
	 Samsung
	New triggering event for Measurement report to reduce frequent handover considering the information related to UAV path/route and received signal strength. This information is utilized for handover decision.
	Yes, 
RAN2 designs new triggering event.

	23
	DOCOMO
	New triggering event based on multiple neighbouring cells above a threshold. (the threshold could be the same or different as the legacy event, but the measurement report for the new event is triggered when there are multiple number of the neighbouring cells satisfying this event) 
	Yes, definition of new triggering event

	24
	DOCOMO
	Enhancement to the mobility state estimation which taking into account speed and height which resulted into a certain scaling factor to  be applied to mobility parameter (e.g., TTT)
	Yes, 
New mobility state estimation

	25
	DOCOMO
	Event triggered location information (height, latitude, longitude) to assist the eNB to optimize handover related parameters (e.g., TTT, A3 offset, etc.)
The location info reporting event triggered can also be made conditional when the new triggering event in solution 23 is satisfied.
	Yes, 
Event triggered location information reporting

	26
	Qualcomm
	Aerial/Drone-specific Tracking Area List for Idle mode mobility enhancement
It may be beneficial to optimize the tracking area list for the air-borne UEs because:
· air-borne UEs are expected to have visibility to much large number of neighbor cells than terrestrial UEs.
· The handover characteristic of an air-borne UE may be different than terrestrial UE as described above also.
Unlike UEs on the ground, the drone may reselect to cells from different TAs more “easily” given it does not have to follow a mobility pattern within neighbour cells (in terrestrial sense).  In this respect the boundary areas look bigger. 
Consider for instance a TAI1 that contains cells 1-2-3-4, whereas a TAI2 that contains cells 5-6-7-8. A UE on the ground may have to do TAU only when it goes from cell 4 to 5, whereas the drone while camped on cell 2 may also see cell 6 or 7 as suitable cell. This may trigger more frequent TAUs if only TAI1 or TAI2 are allocated to the drone. 
On the other hand, if MME allocates TAI1+TAI2 (union set of the two, for example) as TA list to the drone UE, it can help reduce the paging load.
For this, the eNB may need to report that the UE is air-borne (such as UE’s height information, or indication that it is flying) to the MME regularly so that MME can update the corresponding tracking area.
Based on the tracking area optimization criteria, the MME may decide on the threshold for the height above which the UE is considered “flying”.
	Some specification impact to let MME know that the UE is in flying state 

	27
	Qualcomm
	In addition to handover parameters (as already proposed in solutions above), threshold values for existing idle mode cell reselection parameter may be optimized for aerial devices. For example, SIntraSearchP can be different for air-borne UEs compared to ground UEs. 
	No impact if existing values are sufficient; or minimal impact if new values need to be introduced.

	28
	LG
	[bookmark: _Hlk497917883]Aerial UE report periodic or event-triggered location information including height, altitude, horizontal/vertical speed to assist the eNB to decide handover.
	Small impact. one location parameter (vertical speed) is introduced in specification.

	29
	LG
	To support proper handover procedure (prevent late handover or ping-pong handover caused by not aerial specific measurement reporting), eNB configure Aerial dedicated Time-to-trigger (TTT) value using location information:
eNB configure some threshold such as height, altitude, horizontal/vertical speed and Aerial UE reports measurement including location information if the threshold is fulfilled with the Aerial UE’s current location. Then the eNB checks Aerial mobility and configure a proper TTT value to the aerial UE 
	No standard impact foreseen

	30
	LG
	In addition to solution#28, since it is more efficient to aerial UE if control signalling in the air space with high speed is less than ground situation. aerial UE optionally scales the Time-to-trigger value depending on some conditions which is given by the eNB such as location information e,g, height, altitude or horizontal/vertical speed.
	Small impact. one scaling factor is introduced in specification.

	31
	Sony
	Aerial UE detects more cells while flying above a certain altitude. Thus, more measurement report would be triggered if traditional measurement settings are configured. So, we propose:
a. Aerial UE performs report when X number of cell measurements fulfil the report criteria. FFS value of X. (Similar to Ericsson in Row 2.)
b. The maximum number of report may need to be enlarged, FFS value of maxCellReport.
	Impact on trigger condition for report.

	32
	Sony
	With mobility history and/or mobility speed reported by aerial UE, NW is able to select a better cell for aerial UE to handover. The important thing is the trajectory, i.e. (speed and direction) in which direction the UAV is moving, in order for the eNB to calculate the potential best new eNB for Handover.
	No standard impact

	33
	Sony
	The set of neighbour cells that aerial UE need to measure with the assistance of the following information:
1. Altitude.
2. Mobility speed/direction.
3. Mobility history.
4. Geo location.
5. Battery information.
	Impact on aerial UE’s information report.

	34
	Sony
	Altitude information is agreed to be potentially used in last meeting, so we propose:
a. Aerial UE reports its altitude information, then NW configures measurement threshold(s) and report parameter(s) according to aerial UE’s altitude information.
b. Define a new parameter heightStateParameters, which is similar to mobilityStateParameters in current LTE standard. In this case, NW configures measurement threshold(s) and report parameter(s), aerial UE calculates these parameters according to its altitude. Note that NW may need to configure one or multiple altitude threshold in this solution.
	Impact on settings of measurement threshold(s) and report parameter(s).



Phase 2: Discussion for each potential solution
Companies are invited to comment on whether the potential solutions proposed in Phase 1 are technically correct. 
Measurement reporting mechanism related solutions
S2 An airborne aerial UE would see more cells with similar signal strength and an airborne aerial UE would see more far away cells than a terrestrial UE.  Thus, measurement triggering conditions for airborne aerial UE could be defined based on the signal strength of multiple cells and/or far away cells.  Examples:
a. An airborne aerial UE triggers a measurement report if X number of cells have signal strength between -90dBm and -70dBm. 
b. UE triggers measurement report when it sees certain cells, e.g. configured far away cells.
S3 It would be beneficial that measurement reports in an airborne aerial UE are triggered early and such that the reporting is not excessive. Triggering multiple reports causes UL overhead and UL interference. For example, report could be triggered with a low threshold and then apply a prohibit timer to limit subsequent reports.
S7 The triggering of measurement report may be based on the potential for UL interference to neighbouring cells.  The candidate cells to be included in the measurement report depend on configurable thresholds assuming DL-UL reciprocity to estimate UL pathloss.
S10 Air-borne aerial UE can trigger measurement report if the sum of RSRP from seen neighbour cells larger than a threshold.
S19 Measurement report triggering based on sum of multiple neighbouring cell above a threshold
S22 New triggering event for Measurement report to reduce frequent handover considering the information related to UAV path/route and received signal strength. This information is utilized for handover decision.
S23 New triggering event based on multiple neighbouring cells above a threshold. (the threshold could be the same or different as the legacy event, but the measurement report for the new event is triggered when there are multiple number of the neighbouring cells satisfying this event)
S31 Aerial UE detects more cells while flying above a certain altitude. Thus, more measurement report would be triggered if traditional measurement settings are configured. So, we propose:
a. Aerial UE performs report when X number of cell measurements fulfil the report criteria. FFS value of X. 
b. The maximum number of report may need to be enlarged, FFS value of maxCellReport.
	No.
	Company
	Comment/Reasoning

	
	Nokia
	We think S2 and S3 are based on correct observations and could be pursued. S22 looks interesting as well, but we would like to understand how this new event would look like? Is the UAV UE using its knowledge on the path/route to decide whether to trigger the report or not?

	S7
	Ericsson
	It is not clear how this solution can help in mobility performance. 

	S10, S19
	Ericsson
	These two solutions consider only the sum of the RSRP, but not the number of the cells. It might trigger unnecessarily events for the case that there are only a small number of cells with strong RSRP values. It might also delay the reporting.

	S22
	Ericsson
	The “received signal strength” is covered by S2, S10, S19, S23. More description is needed for how UAV path/route is utilized for new triggering event. 

	S23 
	Ericsson
	It is useful when the threshold is lower than the legacy value.  

	S2
	Kyocera
	If our assumption is correct that solution a) is for minimizing the number of measurement reports while solution b) is for identifying when the UE is airborne then we could see this as technically correct.

	S3 
	Kyocera
	We agree the solution can potentially reduce triggering of multiple reports.  We wonder if the early trigger with a low threshold would lead to too-early-HO problem which may lead to increased HOF.  

	S7
	Kyocera
	We think this is useful to account for UL interference, at least as a baseline solution.  The measurement report associated with UL interference should preferably include only intra-frequency neighbor cells that cannot tolerate the interference. 

	S10, S19
	Kyocera
	Ok, wonder if the number of neighbouring cells considered for the sum would be different from the number of cells included in the report. 

	S22
	Kyocera
	Need more information about the benefit of new triggering event.

	S23 
	Kyocera
	Potentially useful, esp. to know when the UE can be regarded as an UAV.

	S7, S10, S19
	Qualcomm
	Agree with Ericsson

	S22
	Qualcomm
	Agree with Nokia. Also it seems S22 can be covered by S23.

	S2, S3, S23
	Lenovo
	These two solutions seems not so suitable:
For mobility purpose, measurement report is expected to find one proper and best cell for handover, which is as quick as possible. Wait for multiple cells to reach the threshold in the solution is obviously delay the report and may cause more RLF. Also it is possible that there has proper cells to handover but because of the cell number is not fulfil the requirement, the measurement report cannot be reported, which will also cause RLF. Thus from mobility point of view, we see these two solutions are not so suitable.
For interference detection purpose, what an aerial UE/eNB really cares is the total interference but not the number of cells. One can say if multiple cells reach a threshold then total interference must larger than a threshold, but still the solution may cause following problem:
1.  there may has cells cause large interference but the number of cells cannot fulfil the requirements, and thus measurement report cannot be reported and interference is still there
2. A timer is proposed to ease the above problem so that when the timer expires the measurement is reported anyway. But this will cause measurement delay.
Thus from above points, we think these two solutions are not so suitable

	S7
	Lenovo
	For mobility purpose, it’s better to report measurement results based on RSRP but not on pathloss
For interference detection purpose, it is unclear how aerial UE know which neighbour cell can/cannot tolerant the interference

	S3, S10, S19, S22, S23
	Samsung
	Early measurement report is beneficial to reduce handover failure. However, early measurement is able to cause increasing the number of measurement reports. It is needed to control excessive MR using a metric such as S3/S10/S19/S22/S23. Furthermore, we should study which solution(s) is more beneficial on view of handover performance without excessive MR.

	S2, S23
	DOCOMO
	These solutions have the same concept and direction. We think it is beneficial to further consider adopting this direction (both for mobility enhancement purpose and for identify UE causing interference).
Comments to Lenovo:
1. For mobility purpose, if the threshold is set appropriately, this solution can be used to minimize the number of triggered MR and at the same time used timely for HO trigger without causing additional RLF or HOF
2. For interference detection purpose, in addition to the total interference, it is also beneficial to identify that a UE is a UE causing/experiencing interference, and this can be identified by the number of cell satisfying a certain event.

	S3
	DOCOMO
	It may depend on the scenario or use case of this early measurements. For mobility, a timely measurement is preferable. For other cases, some clarification is necessary.

	S7, S10, S19
	DOCOMO
	Agree with Ericsson and Qualcomm.

	S22
	DOCOMO
	Agree with Ericsson. Need clarification how the path/route can be used for event triggering, and what kind of event triggering.

	S2
	Huawei
	It seems that the current measurement report already can provide this kind of information, as the measurement results of neighbor cells are available in measurement report and the neighbor cells are sorted by signal strength quantity. And the trigger condition can be A4 event with a proper threshold.
The “far away cell list” may change according to the UE’s location, so it cost extra signaling to indicate the frequent modification of “far away cell list”.

	S3
	Huawei
	Agree with Kyocera

	S7 S10 S19 S22
	Huawei
	Agree with Ericsson

	S23
	Huawei
	We are fine with S23, and what should be done if the configured number cannot be reached for a long time can be FFS

	
	Sony
	We think that these solutions may be categorised into two options: 1. Introduce new triggering event/criteria; 2. Introduce aerial UE specific measurement report configurations. We prefer Options 2 since standard effort is limited. In addition, altitude reporting is necessary.

	S2,
S31 
	Sony
	We support these two solutions. But for S2-a, do we need to configure the “signal strength between -90dBm and -70dBm”? We think the range of the signal strength can be configurable. And the value of “X” can also be configurable.

	S3
	Sony
	Agree with Kyocera



Summary on measurement reporting mechanism related solutions:
S3, early trigger with prohibit timer: It seems that this solution may have been misunderstood. It should be triggered at least as early as what is possible with the current trigger, and the value can be chosen properly by the network. Similarly, timer value is also chosen by the network.   With this understanding, there seems to be supports for “early/as early as current triggers solutions” because there are concerns with delayed reporting and of reporting overheads. 
S7 – no consensus: There are concerns on how it can be utilized. 
S10 and S19, triggered by a sum of multiple neighboring cells-- no consensus: Majority of companies have concerns that unnecessary measurement reports are triggered and this also delay the reporting in comparison to the existing and the “early” trigger.
S22, triggered by info on UAV path/route – no consensus:  More descriptions are needed to describe how UAV path/route is utilized. 
S2 and S23, new triggering event based on multiple cells:  There seems to be more support than concern. Further, these solutions can be used with other events. 
S31: This solution came late, and there are no enough discussions.
Rapporteur’s note: It seems that no companies has objected to enhancing measurement reporting mechanism. One suggestion is to follow the similar proposal as for the interference detection:
[bookmark: _Toc499024572][bookmark: _Toc499034180][bookmark: _Toc499137394]Existing measurement reporting mechanisms can be enhanced for better mobility performance, e.g., by defining new events, enhancing triggering condition and including further measurement results in the report.

HO
S12 Handover command can be transmitted in advance, and aerial UE will perform handover only when specific thresholds are reached. 
By conditional handover, it can avoid the handover command transmission failure at cell edge due to strong neighbour cell interference, and conditional handover can save the handover latency from handover signalling procedure of measurement report, handover decision, handover request, admission control, handover request ACK, handover command, so that the handover failure probability can be decreased for aerial Ues that with high flying speed
S13 Flying path plan is the aerial UE planned flying route especially in autopilot flying mode. Such kind of information can help directional handover, and also help for cell (re)-selection when aerial UE in IDLE mode.

	No.
	Company
	Comment/Reasoning

	
	Nokia
	S13 is aligned with our viewpoint. In certain cases, when the route is known in advance, it could help in optimizing the HO settings.  S12 is a promising solution overall, but perhaps it should be first worked out in NR WI?

	S12
	Ericsson
	We agree that this could be one potential solution to study further.  

	S13
	Ericsson
	Flying path plan is outside the scope of 3GPP, and we haven’t discussed in SI how the RAN can obtain this information. 

	S12
	Kyocera
	Does this mean the target cell needs to accept the handover ahead of time?  Can the UE provide measurement report of another cell after receiving the conditional handover? We also wonder how the Handover Command (Reconfiguration) works with this solution, esp. at timer expiry.

	S13
	Kyocera
	This can be beneficial and prevent HOFs.

	S12
	Qualcomm
	Agree with Ericsson. This could be one potential solution to study further.

	S13
	Qualcomm
	We are positive to this approach. Just for clarification, is the intention that network knows this information beforehand and selects target cells potentially based on this information? Or is it UE-based? Or both? 
While we agree that how this information is obtained may be separately discussed in other WGs outside of RAN, from RAN point of view, we think we can conclude that if such information is available from upper layers, this can be used.
Seems similar to S17 below.

	S12, S13
	Lenovo
	For clarification for S12:
NR WI R15 will not handle conditional handover and will be handled in the next release. Then if Aerial has WI, it will also be studied in the next release. Seems conditional handover for aerial can be worked out together with in NR.
For measurement report, in our understanding is not restricted after conditional handover command is received. Other cells can still be reported as long as the target cell threshold in conditional handover command is not fulfilled. However, we are open for the details of conditional handover for aerial and there can have more discussions during WI phase if such solution is agreed in SI phase.
For clarification for S13:
We think flying path information can have more discussions on whether such kind of information can be obtained. If RAN can have such information, it will be very useful for mobility issues
In our understanding, at least UE knows such kind of information and can report to the eNB or network somehow

	S12,S13
	Samsung
	Early handover command and handover execution by UE will help to reduce handover failure due to handover command transmission failure. Also, handover decision based on flying path is helpful to reduce handover failure.

	S12
	DOCOMO
	We are wondering whether this would be beneficial only for high speed flying UE? If so additional solution to detect high flying speed is also necessary.

	S13
	DOCOMO
	Agree with Ericsson that flying path/route discussion and how the eNB can obtain the information is outside of 3GPP scope. 

	S12
	Huawei
	This solution should be worked out in NR WI first.

	S13
	Huawei
	We agree to use flying route information to assist with mobility enhancement, and RAN2 can focus on how to report this information to network or directly use by UE

	S12
	Sony
	Clarification should be made on “transmitted in advance”.

	S13
	Sony
	We support this solution. Flying path is useful for eNB to configure candidate target cell for aerial UE to switch to. 



Summary on handover:
S12, conditional handover - no consensus: Majority of the companies have some questions on how it should work, propose to study further or let it be specified in NR WI first. 
S13 and S17 in Section 3.7, flying path plan: There seems to be more support than concern, and the concern is that how to obtain path plan is outside of 3GPP scope. Thus, we have the following observation:
[bookmark: _Toc499022580][bookmark: _Toc499024573][bookmark: _Toc499034181][bookmark: _Toc498643758][bookmark: _Toc499137395]Flying path plan might be useful for mobility enhancement, and further discussions are needed for 3GPP impacts. 

UE mobility state reporting
S9 Aerial UE can use RRC signalling to indicate its flying status to eNB, e.g. whether aerial UE is flying in the sky or near the ground. The determination for air-borne/ground state of aerial UE can be based on eNB configuration: eNB can configure threshold to distinguish air-borne or ground state, and aerial UE will determine the state based on the configured threshold. Since the air-borne state is related to eNB antenna height, only eNB know the threshold.
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
S15 UE’s airborne status (e.g. altitude, speed, 3-D location/coordinates and/or 3-D heading direction) indicated to RAN.
It would be helpful in HO parameters adjustment (e.g. UAV-specific TTT).
S24 Enhancement to the mobility state estimation which taking into account speed and height which resulted into a certain scaling factor to  be applied to mobility parameter (e.g., TTT)
S33 The set of neighbour cells that aerial UE need to measure with the assistance of the following information:
1. Altitude.
2. Mobility speed/direction.
3. Mobility history.
4. Geo location.
5. Battery information.
S34 Altitude information is agreed to be potentially used in last meeting, so we propose:
a. Aerial UE reports its altitude information, then NW configures measurement threshold(s) and report parameter(s) according to aerial UE’s altitude information.
b. Define a new parameter heightStateParameters, which is similar to mobilityStateParameters in current LTE standard. In this case, NW configures measurement threshold(s) and report parameter(s), aerial UE calculates these parameters according to its altitude. Note that NW may need to configure one or multiple altitude threshold in this solution.

	No.
	Company
	Comment/Reasoning

	
	Nokia
	Obviously, we do support S15 and there seem to be nothing technically incorrect. UE Assistance information can be used, locationInfo may be considered. S9 also looks fine. We share the observation that eNB antenna height is one of the most important factors to determine the air-borne status. S24 is also worth considering and aligned with what we have suggested above (i.e. to reuse/optimize mobility state estimation).

	S9, S15, S24
	Ericsson
	UE’s airborne status can be helpful to adjust HO parameters. 

	S9
	Kyocera
	We agree that the air-borne/ground state of the UAV can be based on eNB configuration, we wonder if it’s really necessary for the UE to inform the eNB of the flying status or if the UE can be pre-configured with both states in advance.  

	S15
	Kyocera
	Just wondering how often it is expected for the UE to indicate changes of altitude, speed, etc. to the RAN.  

	S24
	Kyocera
	Should be useful

	S9, S15 
	Qualcomm
	We support the solution and there is no technical issue with this. Perhaps this is the least the UE can do to help the network 😊. Additionally, such approach as a potential solution was already agreed in last RAN2 meeting.

	S24
	Qualcomm
	This can be a way of optimizing some mobility-based thresholds for UAVs when both speed and height are taken together. Please see our comment on S4 below, because speed alone may not be indicative of air-borne status.

	S9, S15, S24
	Lenovo
	We agree aerial UE airborne status can help for HO parameters adjustment.

	S9, S15, S24
	Samsung
	It is helpful to use airborne status for triggering measurement report and handover decision.

	S9, S15
	DOCOMO
	Aerial UE airborne status can be helpful for HO parameters adjustments. 

	S24
	DOCOMO
	It is useful for optimizing some mobility related parameters, for both IDLE and CONNECTED mode UEs. It may be not proper to put S24 under ‘3.3’. It can be put under ‘3.4’.

	S9, S15, S24
	Huawei
	It seems OK to introduce UE assistance information, and how to derive these information can be FFS

	S9, S33
	Sony
	We support this. But we think the height threshold should be known by aerial UE and eNB. Both event-trigger reporting by aerial UE and configured reporting by eNB should be supported.

	S15, S24, S34
	Sony
	We support these solutions. But we think S15 and S24 can be realized by S34.



Summary on UE mobility state reporting:
S9, S15, S24 – airborne status: All companies agree UE’s airborne status can be helpful to adjust handover parameters. More discussions are needed on what, how, and how frequent this is indicated. Thus, we have the following observation:
[bookmark: _Toc499024574][bookmark: _Toc499034182][bookmark: _Toc499137396]UE’s airborne status can be useful to adjust handover parameters. 
S33, S34: These solutions came late, and there are no enough discussions.

Use of existing UE based information
S4 Speed estimation via Doppler analysis may be used, with the assumption that indoor terrestrial UEs are of low mobility and flying aerial Ues are of higher mobility. As with terrestrial high speed Ues, this information can be used for parameter tuning and HO decisions.
S5 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, these beams are able to provide better channel quality for airborne aerial Ues as well as to recognize and airborne UE.
S6 Mobility history reports are used, since a flying aerial 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.
S16 Existing solutions should be assessed (as described in [2]: 
-	Mobility State Estimation
-	Mobility History Reporting
-	UE Assistance Information
S32 With mobility history and/or mobility speed reported by aerial UE, NW is able to select a better cell for aerial UE to handover. The important thing is the trajectory, i.e. (speed and direction) in which direction the UAV is moving, in order for the eNB to calculate the potential best new eNB for Handover.

	No.
	Company
	Comment/Reasoning

	
	Nokia
	We are not sure if S4 is based on correct assumptions. It appears to be over-simplified to just compare low-mobility indoor UE with high-mobility UAV Ues. Terrestrial UE can also move at e.g. 300 kmph…so Doppler-based approach should be combined with other aerial vehicle detection solutions. Was that implicitly assumed? S16 should be the starting point (i.e. to assess the existing techniques).

	S16
	Ericsson
	“Mobility History Reporting” and “UE Assistance Information” are already in the spec, and we agree to further assess them in WI. The “mobility state estimation” was proposed in Hetnet Mobility, but not agreed as existing solutions. We need to further discuss it. 

	S4
	Kyocera
	This can be useful. Assuming the Doppler is calculated at the UAV, would this become mandatory for all UAVs to support?

	S5
	Kyocera
	It’s certainly one of the possibilities.  Similarly the NW may also ensure that none of the beams are directly upwards to avoid interference from UAVs.

	S6, S16
	Kyocera
	These could be included.

	S4
	Qualcomm
	We have similar view as Nokia. The speed itself cannot be indicative of whether UE is UAV or terrestrial. For example, RAN2 has studied even 3kmph for Drones for this very reason. On the other hand, even terrestrial Ues can move at 300kmph+ in high speed trains.

	S5
	Qualcomm
	Seems more like RAN1 discussion. RAN2 cannot conclude on this.

	S6
	Qualcomm
	This can be a potential solution.

	S16
	Qualcomm
	Some parts already covered in other solutions.

	S4
	Lenovo
	Aerial UEs are not all in high mobility state e.g. hovering aerial UE has nearly 0 kmph speed. And terrestrial UE also has high mobility state. So we think speed estimation information cannot be used for aerial UE identification.

	S5
	Lenovo
	Agree with Qualcomm and seems this is RAN1 issues

	S6, S16
	Lenovo
	S6 is a part of S16 and we think S16 can be considered first.

	S6
	Samsung
	The existing UE based information such as mobility history can be reuse for handover decision or measurement report.

	S4
	DOCOMO
	Agree with Nokia that the underlying assumption (UAV speed is higher than terrestrial UE) may be not correct, and therefore the proposed solution may not be applicable in all cases.

	S5
	DOCOMO
	Agree with Qualcomm and other companies that this needs to be discussed in RAN1 first.

	S6, S16
	DOCOMO
	S16 can be studied first. And S6 is covered by S16.

	S4 S5
	Huawei
	Agree with Qualcomm

	S6
	Huawei
	We are not sure if the assumption is correct.

	S16
	Huawei
	The sub-solutions of S16 have been discussed in other solutions.

	S5
	Sony
	FD-MIMO is being discussed by Ran1 as well.

	S6
	Sony
	Similar to S13, mobility history may be considered.

	S16, S32
	Sony
	Tgese two solutions are similar, mobility history may be considered.



Summary on use of existing UE based information:
S4, speed estimation – No consensus:  There are concerns that flying aerial UEs might have a slow speed and terrestrial UEs might have a high speed. 
S5, FD-MIMO – No consensus: There are concerns that this is a RAN1 discussion. 
S6, S16:  All companies seem to be fine with mobility history report. There are comments that parts of S16, i.e., UE assistant information and mobility state estimation, are mentioned in other sections. Since there are relevant enhancement solutions related to these, the suggestion is to extend these existing solutions.  Thus, we have the following observation:
[bookmark: _Toc499022582][bookmark: _Toc499024575][bookmark: _Toc499034183][bookmark: _Toc499137397]Existing mobility enhancement mechanisms (e.g., mobility history reporting, mobility state estimation and UE assistance information, etc.) can be assessed if they work for drones and if they need enhancements. 
S32: This solution came late, and there are no enough discussions.

System information related
S8 There should be an option for cells to configure system information with cell selection/reselection related system information specifically for UAVs.  
S18 Similarly to what has been suggested above by Kyocera – some cell-specific/UAV-related parameters could be broadcasted in SI
S20 UAV supports cell via SIB to allow the UE to identity which cells support UAV feature. This can be used in cell reselection or selection.
	No.
	Company
	Comment/Reasoning

	
	Nokia
	All solutions look sensible to us. Regarding S20: what does it mean “UAV supports cell via SIB”? Was it meant to be: Cell support for UAV feature is indicated in SIB?

	S8, S18, S20
	Ericsson
	It is not clear yet what specific UAV feature a cell might have.  We should rather focus on what specific cell-UAV feature is needed and useful for cell reselection/selection. Whether we need system information enhancement comes naturally after that discussion. 

	S8,
S18
	Kyocera
	Ok, would work also with other solutions above.

	20
	Kyocera
	Ok

	
	Qualcomm
	Agree with both Nokia and Ericsson. This is sensible, but first we need to figure what specific enhancements are offered by network for UAVs. Then whether/how support of those enhancements is indicated can be discussed.  

	
	Lenovo
	Agree with Ericsson

	S20
	Samsung
	A solution that which cells support UAV feature via system information is necessary.

	S8, S18, S20
	DOCOMO
	Agree with Nokia, Ericsson, and Qualcomm.

	
	Huawei
	It seems OK, but what the content the SI should include is still not clear



Summary on system information related:
S8, S18, S20, system information – no consensus:  There is a concern from majority of companies that it is not clear what specific enhancements will be offered by networks for UAVs.  

IDLE mode related
S26 Aerial/Drone-specific Tracking Area List for Idle mode mobility enhancement
It may be beneficial to optimize the tracking area list for the air-borne UEs because:
-	air-borne Ues are expected to have visibility to much large number of neighbor cells than terrestrial Ues.
-	The handover characteristic of an air-borne UE may be different than terrestrial UE as described above also.
Unlike Ues on the ground, the drone may reselect to cells from different Tas more “easily” given it does not have to follow a mobility pattern within neighbour cells (in terrestrial sense).  In this respect the boundary areas look bigger. 
Consider for instance a TAI1 that contains cells 1-2-3-4, whereas a TAI2 that contains cells 5-6-7-8. A UE on the ground may have to do TAU only when it goes from cell 4 to 5, whereas the drone while camped on cell 2 may also see cell 6 or 7 as suitable cell. This may trigger more frequent TAUs if only TAI1 or TAI2 are allocated to the drone. 
On the other hand, if MME allocates TAI1+TAI2 (union set of the two, for example) as TA list to the drone UE, it can help reduce the paging load.
For this, the eNB may need to report that the UE is air-borne (such as UE’s height information, or indication that it is flying) to the MME regularly so that MME can update the corresponding tracking area.
Based on the tracking area optimization criteria, the MME may decide on the threshold for the height above which the UE is considered “flying”.
S27 In addition to handover parameters (as already proposed in solutions above), threshold values for existing idle mode cell reselection parameter may be optimized for aerial devices. For example, SintraSearchP can be different for air-borne Ues compared to ground Ues.
	No.
	Company
	Comment/Reasoning

	
	Nokia
	Both solutions appear to be technically correct and viable. Fine to us.

	S26, S27
	Ericsson
	They are new solutions, and it would be better to discuss in the next meeting. 

	S26
	Kyocera
	Seems reasonable for reducing the number of TAU.  Should inform RAN3 about this.

	S27
	Kyocera
	Ok

	
	Qualcomm
	Responding to Ericsson’s comment: These are not necessarily new solutions, but extension of the already discussed connected mode solutions to IDLE mode scenario. For example, it seems the understanding that the aerial Ues see far-away cells and more neighbor cells is common understanding of all companies. If that happens in connected mode, that happens in IDLE as well. It should be noted that the study and potential solutions are not limited within connected mode. 

	S26, S27
	Lenovo
	These two solutions seems reasonable and find to us

	
	Samsung
	We wonder that S26 is RAN2 issue since it is related to managing TA List. 
We do not think that difference reselection parameter (e.g., SIntraSearchP) between ground and air-borne UE in S27 is necessary unless clear usage of the different parameter is studied.

	S26
	DOCOMO
	Assuming that the MME understand that a UE is an aerial UE (e.g. from subscription), the MME can already allocate a specific TAU list to those kind of UEs. This can be already supported by existing specifications.

	S27
	DOCOMO
	(Re)selecting to a faraway cell, as long as that faraway cell can properly serve the UE, is not a problem. Generally, for IDLE mode behavior, more discussion is needed to discuss what is the main benefit of the solution.

	
	Huawei
	Agree with Ericsson



Summary on IDLE mode:
S26, TAU – no consensus: There are concerns that it can be implemented in a simpler manner supported already by existing specification and whether RAN2 should be the right group to discuss this issue.  More discussions on this are needed during Reno meeting.
S27, idle mode cell reselection – no consensus:  There are concerns that the benefits are not clearly described.  More discussions on this are needed during Reno meeting

Network coordination based
S1 A reserved DL resource can be allocated for aerial UEs within PDSCH region. Multiple physical cells, which construct a coordinated cell set as a virtual large cell for aerial UEs, jointly transmit common channels, control channel and data channel. The aerial UEs can access the virtual cell, and is transparently served by the virtual cell.
As a result, the DL SINR can be improved for aerial UEs, and the throughput for aerial UEs can be improved correspondingly. The handover frequency can also be reduced.
S17 Cells could be prepared in advance (e.g. with the UE context). 3-D heading direction, suggested several rows above, could be exploited to predict the upcoming cells the UAV UE will visit.  Faster HOs and more efficient Connection Reestablishment (in case of RLF/HOF) could be expected.
S21 Network coordination with blank subframe during handover to reduce the interference to the UE
	No.
	Company
	Comment/Reasoning

	
	Nokia
	We think S1 could be burdensome. Resource reservation scheme do not scale well with the increasing number of (UAV) UEs. Thus, we are not very eager to endorse it. Not surprisingly – support for S17:) S21 – more details would be needed before deciding if that is the path to follow.

	S1
	Ericsson
	We agree with Nokia that it could be burdensome. 
In order to construct a coordinated cell set, it requires synchronized networks, which may not be true for many deployments. Even if the networks are synchronized, the CP length limits the geographical separation of cooperating cells. With 4.7 us CP, cooperating eNBs have to be with ~1.4km distance of each other. Field results show that drones can detect cells that have distances much larger than 1.4km.
In addition, it is premature to conclude that the throughput for aerial UEs can be improved since there are no results according to the agreed simulation assumptions, such as the size of the coordinated cell set, the reserved resources for drones, and the impact on terrestrial UEs. 
Lastly, design of new physical channels in RAN1 requires a lot of standardization effort.  These aspects have not been sufficiently discussed in RAN1.  Plus, RAN2 is not the right group for this discussion on the feasibility of designing new physical channels.

	S17
	Ericsson
	Flying path plan is outside the scope of 3GPP, and we haven’t discussed in SI how the RAN can obtain this information. 

	S21
	Ericsson
	More evaluations, by RAN1, on the impact of blank subframes on terrestrial UE throughput are needed. 

	S1
	Kyocera
	In principle we think this can work, albeit with quite a bit of network coordination involved.  Wonder if a dedicated frequency for UAV would be simpler.

	S17
	Kyocera
	We think this is a viable solution.

	S21
	Kyocera
	In principle it can work, the network coordination might be more extensive than what’s assumed for eICIC considering the target cell may be far away, esp. if X2 interface isn’t available. 

	S17
	Qualcomm
	It seems this related to S13 in other section. We are positive to this approach. While we agree that how this information is obtained may be separately discussed in other WGs outside of RAN, from RAN point of view, we think we can conclude that if such information is available, this can be used.

	S1
	Lenovo
	Agree with Ericsson and Nokia

	S17
	Lenovo
	Fine to us

	S21
	Lenovo
	Has concern that the exchange of blank subframe via X2 is not fast enough for handover purpose

	S17
	Samsung
	The prediction of the upcoming cells and the preparation of target cell in advance are helpful to reduce handover failure.

	S1
	DOCOMO
	We agree with Nokia and Ericsson that this solution could be burdensome for the network and may be achieved to comparable level by other solutions.

	S17
	DOCOMO
	We agree with Ericsson that flight path plan for UAV (e.g., utilizing UTM) is a functionality that is outside the scope of 3GPP. Therefore, how the flight plan is coordinated/associated with the cell in the eNBs (network) falls into network implementation matter.

	S21
	DOCOMO
	This should be discussed in RAN1 first.

	S1
	Huawei
	Even if much more UAVs exist in future, we are not sure if many UAVs will fly in one cell simultaneously, so we can focus on the scenario with only several UAVs per cell first.
We agree that RAN1 should discuss how to design physical channels, and in RAN2 we can discuss the impact on RAN2 spec, such as the coordination set determination. The performance gap between large set and small set can be analysed in further study.
As the UAV population is still not large enough, we prefer to introduce this virtual cell to be embedded in nowadays networks. And the dedicated carrier for UAV can be a stage II option. However, it is not suitable for the operator with limited frequency carriers. 
After all, this solution can really solve the mobility issues of cell change number increasing.

	S17
	Huawei
	OK. RAN2 can focus on how to report this kind of information, such as 3D heading direction.

	S21
	Huawei
	It can be studied further.

	S1
	Sony
	Resource reservation is being discussed in RAN1 scope, LS may be needed to coordinate RAN1 and RAN2 studies.

	S17
	Sony
	We think this solution should be working when considering mobility history report.

	S21
	Sony
	We raise our concern on PCI collision when aerial UE detects more cells than ground UE. So, network coordination should be considered in our view.



Summary on Network coordination based:
S1, virtual drone cell -- no consensus: There are concerns on its complexity and that it is RAN1 specific.
S17, flying path plan, addressed in Section 3.2:
S21, Network coordination with blank subframe -- no consensus:  There are concerns on requirements for X2 and impacts on terrestrial UEs. 

UE positionning/location related
S11 Currently aerial UE geo-fencing is done by itself according to the regulation. However, such method can be hacked or avoided easily. Instead, cellular network assisted geo-fencing has more control for the aerial UE geo-fencing if cellular communication is the vital feature, and has less possibility to be hacked or be avoided.
Cellular assisted geo-fencing can be realized by allowed cell list for specific aerial UE, i.e. aerial UE is allowed to fly in which cells. Such allowed cell list can be translated from restriction flying area for specific UE from regulation point of view. With such information, eNB can enhance mobility control for aerial UE that the aerial UE can only be handover to such allowed cells.
S14 Currently location information report is piggyback on RRM measurement report, which cannot fulfil the requirements for aerial UEs. A dedicated location information report can be considered.
S25 Event triggered location information (height, latitude, longitude) to assist the eNB to optimize handover related parameters (e.g., TTT, A3 offset, etc.)
The location info reporting event triggered can also be made conditional when the new triggering event in solution 23 is satisfied.
S28 Aerial UE report periodic or event-triggered location information including height, altitude, horizontal/vertical speed to assist the eNB to decide handover.
S29 To support proper handover procedure (prevent late handover or ping-pong handover caused by not aerial specific measurement reporting), eNB configure Aerial dedicated Time-to-trigger (TTT) value using location information:
eNB configure some threshold such as height, altitude, horizontal/vertical speed and Aerial UE reports measurement including location information if the threshold is fulfilled with the Aerial UE’s current location. Then the eNB checks Aerial mobility and configure a proper TTT value to the aerial UE
S30 In addition to solution#28, since it is more efficient to aerial UE if control signalling in the air space with high speed is less than ground situation. Aerial UE optionally scales the Time-to-trigger value depending on some conditions which is given by the eNB such as location information e,g, height, altitude or horizontal/vertical speed.
	No.
	Company
	Comment/Reasoning

	
	Nokia
	S11 can be also “simply” implemented by means of S20, is it correct? The remaining proposals in this category look OK to us and are aligned with our thinking.

	S11
	Ericsson
	This seems to be supported already in the spec by “whitelist”. 

	S14, S25, S28,
S30
	Ericsson
	We are fine to further consider these.

	S29
	Ericsson
	This is a network based solution without specification impact, and in align with other solutions that tune HO parameters based on the UE air-borne status, e.g., S9, S15.

	S11
	Kyocera
	Ok in principle.  Just wonder if the NW can simply deny HO into these restricted cells so that it can be done by NW implementation. 

	S14, S25,
S28,
S29
	Kyocera
	Makes sense to support some enhancement for location based reporting. 

	S30
	Kyocera
	Ok, similar to S24.

	S11
	Qualcomm
	While this seems reasonable, our worry is specially given that we all seem to agree that UAVs can see far away cells, can be served by side lobes of farther antennas etc., we wonder how effectively this “fencing” can be maintained just based on the serving cell whitelist or blacklist. So, we think the UE’s geolocation is an important input to the fencing, so other solutions in this category are more essential than this.

	S14,
S28
	Qualcomm
	These can be further considered. 
While many companies seem to agree location information is useful, note that 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 according to current location reporting (but only in the positioning server). So some enhancements to directly report height and location is required.

	S11
	Lenovo
	For clarification, S11 may not directly realized by S20, since aerial UE can be served by a faraway cell and that cell location cannot reflect the actual location of aerial UE. 
White cell list is a good tool, but still it need to figure out how limited flying area is obtained, configured and updated.

	S14, S25, S28
	Lenovo
	Agree 

	S29, S30
	Lenovo
	Agree to enhance TTT value for aerial UE

	S25,
S28,
S29, 
S30  
	Samsung
	UE location information is helpful to support handover procedure or to configure measurement triggering event such as TTT.

	S11
	DOCOMO
	Similar to flight path comment (section 3.7) the mapping/association of allowed area of UE to fly and the corresponding eNB/Cell is a network implementation matter. For Connected case, it can be achieved by HO restriction list.

	S14, S25, S28, 
	DOCOMO
	We are also fine to consider these solutions.

	S29
	DOCOMO
	Agree with Ericsson that configuring dedicated TTT is a network implementation solution without standard impact. This should already be covered by other solutions (S9, S15)

	S11
	Huawei
	Agree with Ericsson

	S14 S25 S28
	Huawei
	Agree

	S29 S30
	Huawei
	We are fine to further discuss this enhancement.

	S25, S28,
S29,
S30
	Sony
	These solutions are useful for aerial UE.
UE assistance information, e.g. altitude, speed, location, etc, can be reported to eNB, and it is up to eNB to configure aerial UE specific parameters, e.g. measurement report threshold, TTT, etc.
Aerial UE specific TTT can be realized by define a new parameter, as discussed in S34.
Both event-trigger report and periodic report can be further discussed.



Summary on UE positioning/location related:
S11, UE geo-fencing -- no consensus: There are comments that this might already be supported by specs, and it could be done by network implementation.
S14, S25, S28, S29, S30: No companies have objected that location information can be useful. There are some concerns on the feasibility of computing position at UE. Thus, we have the following observation:
[bookmark: _Toc499024576][bookmark: _Toc499034184][bookmark: _Toc499137398]Location information can be useful to adjust handover parameters. 
Summary
Summary on each solution
11 companies participated in this email discussion.  The following is the summary. 
Summary on measurement reporting mechanism related solutions:
S3, early trigger with prohibit timer: It seems that this solution may have been misunderstood. It should be triggered at least as early as what is possible with the current trigger, and the value can be chosen properly by the network. Similarly, timer value is also chosen by the network. With this understanding, there seems to be supports for “early/as early as current triggers solutions” because there are concerns with delayed reporting and of reporting overheads. 
S7 – no consensus: There are concerns on how it can be utilized. 
S10 and S19, triggered by a sum of multiple neighboring cells-- no consensus: Majority of companies have concerns that unnecessary measurement reports are triggered and this also delay the reporting in comparison to the existing and the “early” trigger.
S22, triggered by info on UAV path/route – no consensus:  More descriptions are needed to describe how UAV path/route is utilized. 
S2 and S23, new triggering event based on multiple cells:  There seems to be more support than concern. Further, these solutions can be used with other events. 
S31: This solution came late, and there are no enough discussions.
Summary on handover:
S12, conditional handover - no consensus: Majority of the companies have some questions on how it should work, propose to study further or let it be specified in NR WI first. 
S13 and S17 in Section 3.7, flying path plan: There seems to be more support than concern, and the concern is that how to obtain path plan is outside of 3GPP scope.
Summary on UE mobility state reporting:
S9, S15, S24 – airborne status: All companies agree UE’s airborne status can be helpful to adjust handover parameters. More discussions are needed on what, how, and how frequent this is indicated. One suggestion:
S33, S34: These solutions came late, and there are no enough discussions.
Summary on use of existing UE based information:
S4, speed estimation – No consensus:  There are concerns that flying aerial UEs might have a slow speed and terrestrial UEs might have a high speed. 
S5, FD-MIMO – No consensus: There are concerns that this is a RAN1 discussion. 
S6, S16:  All companies seem to be fine with mobility history report. There are comments that parts of S16, i.e., UE assistant information and mobility state estimation, are mentioned in other sections.
S32: This solution came late, and there are no enough discussions.
Summary on system information related:
S8, S18, S20, system information – no consensus:  There is a concern from majority of companies that it is not clear what specific enhancements will be offered by networks for UAVs.  
Summary on IDLE mode:
S26, TAU – no consensus: There are concerns that it can be implemented in a simpler manner supported already by existing specification and whether RAN2 should be the right group to discuss this issue.  More discussions on this are needed during Reno meeting.
S27, idle mode cell reselection – no consensus:  There are concerns that the benefits are not clearly described.  More discussions on this are needed during Reno meeting
Summary on Network coordination based:
S1, virtual drone cell -- no consensus: There are concerns on its complexity and that it is RAN1 specific.
S17, flying path plan, addressed in Section 3.2:
S21, Network coordination with blank subframe -- no consensus:  There are concerns on requirements for X2 and impacts on terrestrial UEs. 
Summary on UE positioning/location related:
S11, UE geo-fencing -- no consensus: There are comments that this might already be supported by specs, and it could be done by network implementation.
S14, S25, S28, S29, S30: No companies have objected that location information can be useful. There are some concerns on the feasibility of computing position at UE.
Observations 
The following are the observations
Observation 1	Existing measurement reporting mechanisms can be enhanced for better mobility performance, e.g., by defining new events, enhancing triggering condition and including further measurement results in the report.
Observation 2	Flying path plan might be useful for mobility enhancement, and further discussions are needed for 3GPP impacts.
Observation 3	UE’s airborne status can be useful to adjust handover parameters.
Observation 4	Existing mobility enhancement mechanisms (e.g., mobility history reporting, mobility state estimation and UE assistance information, etc.) can be assessed if they work for drones and if they need enhancements.
Observation 5	Location information can be useful to adjust handover parameters.
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