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1 Introduction
This email discussion is to discuss terminology and definitions for NR NTN SI. The scope of this email discussion is listed below.
[bookmark: _Hlk533162961][104#54][NR - NTN] Mobility  (Ericsson)
-	Stage 1: Identify key issues to address for mobility 
-	Stage 2: Capture solutions identified in contributions for each of the issues	
	Intended outcome: Report to next meeting
	Deadline:  Thursday 2019-02-07
This document collects companies’ views and provides a summary. DL for the phase 1 is 14th January.
2 Discussion
In RAN2#104, the following was agreed for mobility:


Agreements:
1.	Satellite beams, satellites or satellite cells are not considered to be visible from UE perspective in NTN SI.  This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial).  This is up to SA2.  
2.   Revise the current definition of satellite cell in TR 38.821 and refer to a satellite beam.  Definition of satellite beam can be discussed during email discussion.  
3.	Add text in TR 38.821 stating that association between NR PCI and NR SSBs is left for implementation (i.e. it will not be specified)
4.	Consider Rel-15 definitions as a baseline for NTN
5.	Both option a and b can be considered in NTN SI with one or multiple SSBs per PCI.  The TR will capture a figure for both option. 


Options a and b are depicted in Figure 1. 
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Figure 1 Options to consider for cell and SSB beam versus satellite beam

The intended scope for stage 1 is “Identify key issues to address for mobility”.  The question is split here per scenario

2.1 GEO NTN transparent payload
Q1: Identify key issues to address for mobility from measurement(RRM) perspective for GEO scenario? 
	Company
	Proposals
	Comments

	Nokia
	· Impact of large propagation delays.
· Beam/cell measurements periodicity and configuration options.
· Impact of UE measurement accuracy and model (RSRP/RSRQ errors) in combination with large propagation delays.
	· Particular settings/ configuration needed taking in account the large propagation delays.

	Huawei, HiSilicon
	· Measurement periodicity and configuration optimization
	The radio channel state keeps stable for UE, especially for low speed UE, so the corresponding measurement actions can be less frequent to save UE power.

	Thales
	· Using satelite ephemeris and UE location determination (at network or UE or both level) to trigger hand-over
· Large propagation delay
	Given that the overlap between satellite beams is large and that the relative difference in signal strength between 2 beams in the overlap region is low, It should be possible to also use the knowledge of UE location and satellite ephemeris to trigger hand-over.

	Ericsson
	To identify satellite specific information needed to be provided to the UE in a measurement configuration.

To identify if new event based/periodical measurement are needed. This could involve event based location reporting. 

Report size should be considered for both location and RSRP/RSRQ reporting.
	We would need to identify the issues we can discuss in RAN2 and what is e.g. RAN4 territory.

Further, we should take into account ongoing positioning work as well as UE power saving work.

	OPPO
	To identify the satellite-oriented measurement / report configuration
	Agree with Ericsson that the differentiation between RAN2/4-related issues is needed.

	ZTE
	Extra delay of measurement report transmission caused by the long propagation delay.
Potential new measurement configuration/event for the enhanced measurement procedure.
	The new requirement on measurement configuration/procedure caused by enhanced mobility procedure (e.g. enhancement mobility procedure studied in the WI NR mobility enhancement, such as CHO, enhanced make-before-break) should be taken into account.

	Fraunhofer
	The very large propagation delays need to be addressed. The GEO satellite locations could be considered known to the UE since they are not changing over time. Thus for mobility two cases should be distinguished 1) the UE location is known or 2) unknown.
	

	Intel
	To identify the impact of large propagation delays on:
· Random access
· Beam and cell measurement procedures
	

	MediaTek
	We agree with other companies that impact of long propagation delay should be evaluated. 
Measurement configuration, provided to the UE, may consider new triggering events.
	Long propagation delay will impact the measurement requirements in terms of latency and accuracy. RAN4 should evaluate measurement requirements.

	Sony
	
·  Measurement coordination to address UE moving between the coverage boundary of terrestrial network and NTN should be studied.
· Measurement configuration and reporting considering the impact of long propagation delay.

	There is very little difference due to propagation conditions between beams. Coverage can be determined accurately by using the UE position and satellite ephemeris.

If terrestrial cellular connections are preferred for example because of cost, then UE has to know when crossing boundary between cellular coverage and no coverage e.g. a UE transiting from sea to land.

	
	
	




Q2: Identify key issues to address for mobility from HO signalling/procedure perspective for GEO scenario?
	Company
	
	Proposals/Comments

	Nokia
	Yes
	Proactive triggering (based on satellite ephemeris) and event(s) configuration considering large delays due to bent-pipe. Only scenarios with UEs at the border of GEO footprint are affected.

	Huawei, HiSilicon
	Yes
	Long handover interruption time due to large RTT. 
Average handover interruption time is about 50ms for terrestrial network, but it may reach to 500ms for NTN considering much longer random access procedure

	Thales
	Yes
	The following procedures may be impacted: the hand-over, the location determination and possibly the RF signal measurement (frequency). Hand-over should be network originated based on UE location determination and satellite ephemeris

	Ericsson
	
	Study the effect of delay in the signalling, does it affect RLF and HOF? Are the related timer values enough?

Study interruption time due to high RTT values. 

Idle mode mobility should be studied if enhancements are needed.


	CMCC
	Yes
	We agree with Ericsson that idle mode mobility should be studied. For example we use Mobility State Estimation (MSE) for scaling via counting the number of cell reselections during a period of time TCRmax, and at least the following issues are identified as in R2-1818132:
#1 An NTN cell reselection indicates much larger distance that UE passes than that of a normal ground cell reselection.
#2 Evaluating time TCRmax is NOT long enough to cover the time of passing through an NTN cell.

	OPPO
	
	Agree with the above that we need to study the impact on handover interruption time and RLF/HOF due to the large propagation delay.

	ZTE
	Yes
	[bookmark: _Hlk535489489]Negative impact on mobility robustness (e.g. Early/late handover, ping-pong handover) caused by the long propagation delay.  To improve this, the conditional handover can be considered in the evaluation.
Long interruption time caused by the long propagation delay. To improve this, some kind of enhanced make-before-break can be considered in the evaluation.

	Fraunhofer
	
	Same comment as for Q1.

	Intel
	
	Proactive handover triggering to combat the handover delays caused by large propagation delays.

	MediaTek
	
	Both mobility interruption time and mobility robustness will be impaired due to long propagation delay. Performance requirements for HOF rate, RLF rate, and acceptable HO interruption time should be defined.

	Sony
	Yes
	Handover interruption time/data loss reduction.
Trigger condition for handover in NTN.

	
	
	



2.1.1 Phase 2 for GEO NTN transparent payload

Based on the replies to Q1 and Q2, the following issues are identified. In the phase 2 of this email discussion companies are asked to provide solution options to these issues. For the issues potentially out of RAN2 scope, companies are asked to provide clarification on RAN2 related points and which working group should work on the issue.

Issue 1 Measurement configuration
Impact of large propagation delays and large cell size on beam/cell measurements. Identify enhancements on the measurement configuration. For example, additional information in MO, enhancements in quantity configuration and reporting configuration including potential new events and report size. Take into account satellite ephemeris and UE location.


	Company
	Solution/comments

	Intel
	Not clear to us that measurement configuration changes are needed

	LG
	We have similar view with Intel. It seems not clear yet what is the best way to set measurement configuration to solve the propagation delay in NTN. We can discuss how to enhance the measurement accuracy with long propagation delay environment.

	Ericsson
	Due to large cell size, the neighbour cells are likely known by the PCell thus could be pointed in MO. To study whether SMTC configuration should be enhanced e.g. to have it per cell especially if measurement window can be shorter. To study adding location reporting in the measurement report and how the location needs to be expressed (potentially less bits that LTE version). Further, to study if location reporting can triggered based on UE location.

	MediaTek
	We share LG’s views and think more detailed discussion is needed to understand the impact of large propagation delay on measurement and report configurations.

	InterDigital
	We share the same understanding that large propagation delay is the key issue for the GEO scenario. Means to efficiently adapt the measurement configuration to a UE-specific situation (i.e. location) should be further studied.

	OPPO
	As commented above, we share the view that large propagation delay is the key issue, for which the solution is however not clear yet.

	Sony
	When UE moves between the coverage boundary of terrestrial network and non-terrestrial network, some special measures e.g. measurement objects coordination and triggering, handover preparation etc. should be studied in NTN in order to guarantee service continuity.
Therefore a scheme to trigger the UE to handover to a terrestrial cellular network should be introduced to allow the UE to leave the satellite connection as soon as possible if there is an acceptable terrestrial cellular signal.
In addition, conditions to release/reduce the measurement overhead could be further studied.

	ZTE
	Enhanced mobility procedure such as CHO, enhanced make-before-break should be applied in NTN to reduce the negative impact caused by large propagation delays. The new requirement on measurement configuration/procedure caused by those enhancements should be considered.

	Nokia
	We have the same understanding that large propagation delay is the key issue for GEO scenarios and requires the study of enhanced measurement configuration options. We also agree with Sony regarding the mobility configuration issues between terrestrial and non-terrestrial networks.

	Huawei, HiSilicon
	Not clear to us that what changes need to be done now, further study on how to perform measurement for NTN need to be designed first. 

	ETRI
	Further discussion on the enhancement of measurement configuration due to the long propagation delays is needed. Adding the location information (e.g. satellite ephemeris and UE location) to the MO and/or reporting configuration should be studied.




Issue 2 Performing measurements
Impact of UE measurement accuracy and model (RSRP/RSRQ errors) in combination with large propagation delays.


	Company
	Solution/comments

	Intel
	Whether the large propagation delays introduce additional RSRP/RSRQ errors needs to be studied.

	LG
	It seems required to discuss about the range of NTN-specific RSRP/RSRQ threshold values. It may be also discussed in other WGs, e.g., RAN4.

	Ericsson
	Measurement accuracy would be discussed by RAN4, maybe RAN1? 

	MediaTek
	We agree with LG that NTN-specific RSRP/RSRQ measurement values need to be discussed and RAN4 should be involved. 

	InterDigital
	This aspect should be considered.

	OPPO
	We share the view with Ericsson that this is RAN1/4 issue instead of RAN2.

	Nokia
	We have the same understanding that large propagation delay is the key issue for GEO scenarios and requires enhanced RSRP/RSRQ measurement options taking into account the RSRP/RSRQ measurement accuracies (RAN4).

	Huawei, HiSilicon
	This impact should be evaluated by RAN4.

	ETRI
	We share the view that it is RAN1/4 issue.



Issue 3 Delay in HO 
Impact of delay in HO procedure, including interruption time and robustness. In detail consider RLF/HOF . early/late handover, ping-pong handover and to what extend these can be addressed by current specification e.g. timer values, threshold settings or if new triggering or input is needed(last part is related to issue 1).


	Company
	Solution/comments

	Intel
	Handovers can be triggered based on criteria such as speed and location with respect to edge of the beam; techniques such as conditional handover can be used. 

	LG
	It seems handover failure may occur because of the long propagation delay. Therefore, the conditional handover may be used based on predictable path in order to reduce the handover failure.
Additionally, in NTN, RAN2 observed that one-way delay between the UE and the RAN may reach up to 272.4ms in the worst case. Therefore, even though the network provides a handover command upon receiving the UE’s measurement report e.g., event A3 entering, the cell which was satisfied with the measurement event may leave the measurement event condition when the handover command is received by the UE.
 Following cases could be possible scenarios to result invalid handover command for the UE: (1) Upon reporting measurement, source cell enters good condition (2) Upon reporting measurement, target cell leaves good condition (3) Upon reporting measurement, another cell becomes better.
Therefore, we need to consider followings example cases to resolve some problems by delay:
(1) Conditional Handover 
(2) RRC Connection Re-establishment with indication to inform problem of the radio link
(3) Sending indication to inform problem after handover
(4) Sending indication to inform problem w/o handover

	Ericsson
	Conditional HO can be studied but that should be conditioned in related discussions in other WI/SI. 
Should be studied if current HO procedure can handle GEO mobility.

	MediaTek
	We believe that (a) timer-values specific to handover success need to be adjusted to accommodate high propagation delay. (b) Hysteresis and measurement offsets should be studied and adjusted (if needed) to reduce ping-pong. (c) Conditional handover can be used to avoid excessive handover delays. Outcome of mobility WI should be considered.

	InterDigital
	Conditional HO should be studied to ensure robustness of the mobility procedure and reduce interruption time considering the high propagation delay.

	OPPO
	As commented above, conditional HO would the key point to improve HO robustness, so worth further study.

	Sony
	Conditional handover should be considered as a candidate solution for mobility management. Furthermore, the trigger to perform the handover should be studied as well e.g. based on UE location and satellite ephemeris information.
In addition, the bulk handover signalling could be investigated as well by considering the long propagation delay.

	ZTE
	The conditional handover should be considered to reduce the negative impact on mobility robustness.
Some kind of enhanced make-before-break should be considered to reduce the long interruption time.

	Nokia
	We have the same understanding that large propagation delay is the key issue for handovers and mobility robustness in GEO scenarios.

	Huawei, HiSilicon
	Some legacy handover enhancement can be re-considered, such as RACH-less handover. It can reduce the handover interruption but pre-allocated UL-Grant may lead to large recourse waste due to long RTT, and how to get TA value should also be studied. For CHO we still need to wait for the outcome of other WI.

	ETRI
	We share the view that the conditional handover could help with HO robustness problem caused by long propagation delay. Since the conditional handover has been discussed in mobility enhancement WI, it needs to wait for the outcome of it. It is too premature to discuss the conditional handover in NTN SI. 
Further study on the enhancement of conventional HO procedure due to the long propagation delays is needed.



Issue 3 Idle mode mobility 
Note that there may be separate AI for idle mode mobility but companies are welcome to share their view here as well.


	Company
	Solution/comments

	LG
	We think some enhancements may be discussed to solve the long propagation delay(even longer delay to GEO), however, it was agreed in last plenary that the idle more operation is not considered in R16.

	CMCC
	Some enhancements may be discussed to solve the issues as we responded in GEO Q2. 
For #1, reuse the LTE parameter “cellEquivalentSize” configured in SIB3, i.e. each NTN cell can indicate the number of equivalent cells for MSE in system information.
For #2, extend the range of “t-Evaluation” for NTN.
Note: In last plenary it was agreed that “The IAB feature as well as the combined operation of GEO / LEO networks for idle mode will not be considered in this study during release 16”(RP-182880), where the “the combined operation of GEO / LEO networks for idle mode” refers to paging via GEO and connection via LEO. The idle mode is NOT completely precluded in R16 as we can see the AI “11.6.4.2 Idle mode” in the agenda items for RAN2#105.

	MediaTek
	We agree with LG that solutions to accommodate high propagation delay need to be discussed.  

	Sony
	Find means for regular UE position determination to enable network initiated beam/cell (re)selection while in idle mode

	Nokia
	Idle mode mobility mechanisms considering the impact of large propagation delays should be studied for GEO scenarios. Solutions such as listed by Sony are relevant.

	Huawei, HiSilicon
	Inactive state can be applied in NTN case, and some related enhancement need to be considered.
RAN2 should also consider to enhance cell selection mechanism to avoid UEs with low transmission power camping the cells with high altitude.

	
	








2.1 LEO NTN with transparent or regenerative payload and moving beams

Q1: Identify key issues to address for mobility from measurement(RRM) perspective for LEO scenario? 
	Company
	Proposals
	Comments

	Nokia
	· Impact of large propagation delays.
· Beam/cell measurements periodicity and configuration options.
· Impact UE measurement accuracy and model (RSRP/RSRQ errors) in combination with large propagation delays.
· Using satellite ephemeris information and UE position/ location information.
	· Particular settings/ configuration needed taking in account the large propagation delays and relative satellite-UE movements.

	Huawei, HiSilicon
	· Measurement configuration optimization
	Frequent serving satellite update leads to frequent cell change for measurement, which involves frequent measurement configuration update. For example, each satellite may configure a different cell list for measurement from last serving satellite.

	Thales
	· Using satelite ephemeris and UE location determination (at network or UE or both level) to trigger hand-over
· Large propagation delay
	Given that the overlap between satellite beams is large and that the relative difference in signal strength between 2 beams in the overlap region is low, It should be possible to also use the knowledge of UE location and satellite ephemeris to trigger hand-over.

	Ericsson
	To identify satellite specific information needed to be provided to the UE in a measurement configuration.

To identify if new event based/periodical measurement are needed. Or, if reporting could be limited.


	As nonGEO satellites are moving, does UE need to be informed about target cell/freq movement?




	OPPO
	See answer to Q1 for GEO
	See answer to Q1 for GEO.
In addition, the impact due to large propagation delay would be less.

	ZTE
	Extra delay of measurement report transmission caused by the long propagation delay.
Potential new measurement configuration/event for the enhanced measurement procedure.
	The new requirement on measurement configuration/procedure caused by enhanced mobility procedure (e.g. enhancement mobility procedure studied in the WI NR mobility enhancement.) should be taken into account.

	Fraunhofer
	Large propagation delays and high frequency of cell reselection/HO due to high satellite velocity. It need to be distinguished whether UE location and/or satellite locations are known or unknown.
	

	Intel
	To identify the impact of large propagation delays on:
· Random access
· Beam and cell measurement procedures
	

	Mediatek 
	We agree with other companies that impact of long propagation delay should be evaluated. 
Measurement configuration, provided to the UE, may consider new triggering events. 
	Long propagation delay will impact the measurement requirements in terms of latency and accuracy. RAN4 should evaluate measurement requirements. 

	Sony
	Measurement configuration and reporting considering the impact of (fast) moving satellite beams.
	Additional measurements may be considered by considering the frequent cell change due to the movement of satellite beams. The impact to the current measurement events/configuration/reporting could be discussed as well.

	
	
	




Q2: Identify key issues to address for mobility from HO signalling/procedure perspective for LEO scenario?
	Company
	
	Proposals/Comments

	Nokia
	Yes
	Proactive (based on satellite ephemeris) and reactive HO triggering and event(s) configuration considering delay and fast cell changes, stationary or fast moving UEs. Critical UE-satellite mobility scenarios can be identified beforehand and only those are to be evaluated.

	Huawei, HiSilicon
	Yes
	In LEO scenario, handover occurs more frequently than terrestrial scenario, so it can lead to large Signalling overhead and large ratio of interruption time.

	Thales
	Yes
	The following procedures may be impacted: the hand-over, the location determination and possibly the RF signal measurement (frequency). Hand-over should be network originated based on UE location determination and satellite ephemeris

	Ericsson
	
	
· It can be studied whether the HO rate in LEO scenario is different from high speed train case.

Study whether conditional mobility is needed for LEO satellite.

Idle mode mobility should be studied if enhancements are needed.


	CMCC
	Yes
	See CMCC’s reply in Q2 for GEO NTN transparent payload.
Moreover, for this scenario (LEO with the moving beam), another issue is also identified as in R2-1818132:
#3 Estimation is NOT accurate if the NTN cell/beam movement is NOT considered.

	OPPO
	
	See answer to Q2 for GEO.
In addition, the impact due to large propagation delay would be less, yet the movement of serving cell would increase the cell change frequency, for which the impact should be taken into account.

	ZTE
	Yes
	Similar to Q2, the negative impact on mobility robustness and interruption time caused by long propagation  delay should be studied, and the enhanced mobility procedure identified in the WI for mobility enhancement shall be taken into account in the performance evaluation.
The “Group mobility” caused by the change of connection between satellite and gateway, and the potential problem on signaling congestion. The impact may depends on the architecture and function split between the satellite and gateway

	Fraunhofer
	
	Same as in Q1.

	Intel
	
	Proactive handover triggering based on satellite ephemeris data.
Proactive handover triggering to combat the handover delays caused by large propagation delays.

	Mediatek
	
	Please see our response for Geo scenario.

	Sony
	Yes
	Handover interruption time/data loss reduction.
Trigger condition for handover in NTN.

	
	
	




2.2.1 Phase 2 for LEO NTN transparent or regenerative payload

Based on the replies to Q1 and Q2, the following issues are identified. In the phase 2 of this email discussion companies are asked to provide solution options to these issues. For the issues potentially out of RAN2 scope, companies are asked to provide clarification on RAN2 related points and which working group should work on the issue. Further, as the issue descriptions may be very similar to GEO, please indicate if the solution includes additional LEO specific aspects or same solution as with GEO solves the issue.

Issue 1 Measurement configuration
Impact of propagation delays and moving beams on beam/cell measurements. Identify enhancements on the measurement configuration. For example, additional information in MO, enhancements in quantity configuration and reporting configuration including potential new events and report size. Take into account satellite ephemeris and UE location.


	Company
	Solution/comments

	LG
	Same with our response in GEO

	Ericsson
	Same reply as for GEO assuming satellite is served by one feeder link. Additionally, it could be considered if any modifications taking into account UE movement direction could be feasible.

	MediaTek
	Please see our comments for GEO scenario.

	InterDigital
	See comments for GEO. Further topics for study should include whether or not the movement of satellites may impact the duration of the validity of measurements. Reporting of UE location, and in some cases (e.g. train or airplane) the velocity and direction may be useful in some scenarios.

	OPPO
	Same comment as for GEO.

	Sony
	Same comment as GEO

	ZTE
	Enhanced mobility procedure such as CHO, enhanced make-before-break should be applied in NTN to reduce the negative impact caused by large propagation delays. The new requirement on measurement configuration/procedure caused by those enhancements should be considered.

	Nokia
	We have the understanding that larger propagation delays, varying propagation delays (due the movement of the UE and satellite) and dynamic neighbor cell sets are the key issues for LEO scenarios and requires the study of enhanced measurement configuration options. We also agree with Sony regarding the mobility configuration issues between terrestrial and non-terrestrial networks.

	Huawei, HiSilicon
	Same as with GEO.

	ETRI
	Same as with GEO .




Issue 2 Performing measurements
Impact of UE measurement accuracy and model (RSRP/RSRQ errors) in combination with large propagation delays and moving beams.


	Company
	Solution/comments

	LG
	Same with our response in GEO

	Ericsson
	Same as with GEO.

	MediaTek
	Please see our comments for GEO scenario.

	InterDigital
	Please refer to comments for GEO scenario.

	OPPO
	Same comment as for GEO.

	Nokia
	We have the understanding that larger propagation delays, varying propagation delays (due the movement of the UE and satellite) and dynamic neighbor cell sets are the key issues for LEO scenarios and requires the study of enhanced RSRP/RSRQ measurements options taking into account the RSRP/RSRQ measurement accuracies (RAN4).

	Huawei, HiSilicon
	Same as with GEO.

	ETRI
	Same as with GEO .



Issue 3 Delay and cell movement in HO 
Impact of delay and cell movement in HO procedure, including interruption time and robustness. In detail consider RLF/HOF . early/late handover, ping-pong handover and to what extend these can be addressed by current specification e.g. timer values, threshold settings or if new triggering or input is needed(last part is related to issue 1).


	Company
	Solution/comments

	LG
	Same with our response in GEO

	Ericsson
	Conditional HO can be studied but that should be conditioned in related discussions in other WI/SI. 
Should be studied if current HO procedure can handle LEO mobility.

	MediaTek
	Please see our comments for GEO scenario.

	InterDigital
	Please refer to comments for GEO scenario. Additional consideration should be given to the frequency of handover and movement of the serving cell.

	OPPO
	Same comment as for GEO.

	Sony
	Same comment as GEO

	ZTE
	The conditional handover should be considered to reduce the negative impact on mobility robustness. The “Group mobility” based on the change of connection between satellite and gateway and the potential problem on signaling can also be solved based on conditional handover.
Some kind of enhanced make-before-break should be considered to reduce the long interruption time.

	Nokia
	We agree with the comments from Ericsson and ZTE.
Additional studies are needed on the impact of changing satellite feeder links, e.g. Xn handovers.

	Huawei, HiSilicon
	Same as with GEO.

	ETRI
	In terms of long propagation delay, same as with GEO. 
Enhanced procedures to reduce the signaling overhead (e.g. frequent HO and simultaneous procedure) with respect to the movement of serving cell should be studied



Issue 3 Idle mode mobility 
Note that there may be separate AI for idle mode mobility but companies are welcome to share their view here as well.


	Company
	Solution/comments

	LG
	Same with our response in GEO

	CMCC
	See CMCC’s response in LEO Q2.
For #3, indicate the NTN cell velocity information to the UEs to help accurate MSE.

	MediaTek
	Please see our comments for GEO scenario.

	Sony
	Same comment as GEO

	ZTE
	Due to high speed movement of satellite, the serving satellite/beam/cell for an earth stationary UE will be changed every tens of minutes in a LEO network, which may lead to massive tracking area update for UEs in RRC_IDLE if the TA strategy of terrestrial network, i.e. TA is bound with base station, is used in NTN as well.
Tracking area identity  planned and associated with geographical position, i.e. static on earth can be considered to reduce the TAU. Two detailed solutions are listed as follows:
(1) The LEO satellite update the broadcast TAC in real time according to the ephemeris and make sure the broadcast TAC is associated with the geographical area covered by the satellite beam. UE triggers TAU based on the broadcast TAI when it moves out of the registration area.
(2) UE derives the TAC based on its geographical position (the mapping rule between the geographical position and the TAC value is kept in UE and network) and report to network during registration. Network confirms the TAI and provides TAI lists to represent  the registration area. UE triggers TAU based on the TAI (PLMN ID plus TAC derived from the geographical position) when it moves out of the registration area.

	Nokia
	Idle mode mobility mechanisms (cell selection and re-selection) considering the impact of larger and varying propagation delays should be studied also for LEO scenarios due to changing neighbour cell sets. The TAI and TAU configurations are also relevant issues to address for LEO scenarios (this might be a RAN3 issue).

	Huawei, HiSilicon
	Frequent cell reselection in LEO scenario with moving beams will lead to frequent intra-frequency and inter-frequency cell reselection measurement, and frequent system information reading, both of which are UE hardware resource and power consuming. UE may perform cell reselection periodically but not all the time.




3 Conclusions
In general, it seems companies are not ready to agree on solution options for either RRM or HO related matters, but more study and discussion is needed. 
1. Companies were not ready to identify and agree on solution options for RRM or HO for NTN. 
[bookmark: _Hlk949926]However, the following aspects were identified for RRM. Especially for GEO NTN, the large propagation delay is the key issue and the effect on performing measurements and for measurement configuration should be considered. UE location info was mentioned by some companies in context of reporting the location or using the location for triggering. For LEO NTN, the replies where rather similar or same as for the GEO. Some satellite movement related aspects where mentioned such as measurement validity, UE velocity, movement direction and dynamic neighbour cell set.

1. [bookmark: _Toc528870134][bookmark: _Toc528870085][bookmark: _Toc528593873][bookmark: _Toc525848431][bookmark: _Toc889303]For GEO NTN, the large propagation delay was identified to be the key issue and the effect on performing measurements and for measurement configuration should be considered. 
1. UE location info was mentioned in context of reporting the location or using the location for triggering.
1. [bookmark: _Toc528870135][bookmark: _Toc528870086][bookmark: _Toc528593874][bookmark: _Toc525848432][bookmark: _Toc889304][bookmark: _GoBack]Specific for LEO NTN,  satellite movement related aspects such as measurement validity, UE velocity, movement direction, large and varying propagation delay and dynamic neighbour cell set were identified.



[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc528870202][bookmark: _Toc889306]RAN2 to study potential enhancements for RRM for NTN systems taking into account the identified items in Observations 2-4.

A potential issue on measurement accuracy was raised, however it seems to below to other WGs(RAN1/4).

Identify if there is any aspect RAN2 could discuss on measurement accuracy.

For the issue of delay in HO, many companies refer to CHO and other Rel-16 potential mobility enhancements. While those enhancements are likely useful also for NTN we should be careful not to initiate general mobility enhancement discussion parallel within NTN SI. Specific to LEO, the serving cell and neighbour cell movement and frequent HO were mentioned. 

RAN2 to avoid discussing Rel-16 Mobility enhancements in NTN SI before Rel-16 Mobility discussions have progressed.
RAN2 to continue identifying the NTN specific mobility aspects like large propagation delay and cell movement and potential enhancement related to these.
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