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1 Introduction

This is a summary of the following offline discussion on idle mode issues for NTN:

· [Post111-e][911][NTN] Connected mode aspects (ZTE)

Scope: Discuss connected mode specific aspects, including measurement configuration/reporting aspects, CHO, etc. Assume the scenario for Earth moving or Earth fixed beam when there is no feeder link switch or service link switch in Earth fixed beams due to satellite switch.

Intended outcome: email discussion summary 

Deadline for companies' feedback: Thursday 2020-10-12 07:00 UTC
Deadline for rapporteur summary: Thursday 2020-10-15 07:00 UTC
This document covers the following issues:

· Issue 1: General principle for connected mode mobility in NTN

· Issue 2: Conditional handover

· Issue 3: Mobility interruption time reduction

· Issue 4: General principle for measurement in NTN

· Issue 5: UE location report

· Issue 6: Location based measurement

· Issue 7: Measurement window configuration
Companies are invited to provide their views for each issue.
2 Discussion:
#Issue 1: General principle for connected mode mobility

Connected mode mobility in NTN may be categorized into the following scenarios:

· Scenario 1: Feeder link switch for earth fixed beam, with/without service link switch due to satellite switch
· Scenario 2: Feeder link switch for earth moving beam, with/without service link switch due to satellite switch
· Scenario 3: Service link switch for earth fixed beam due to satellite switch

· Scenario 4: Connected mode mobility for earth moving beam when the beam no longer serves the UE
· Scenario 5: Connected mode mobility for both earth moving and earth fixed beam due to UE movement
Specific aspects for mobility handling for scenarios 1/2/3 will be covered in email discussion [Post111-e] [910] [NTN] Impacts of earth fixed and moving beams (Ericsson).
This email discussion focuses on scenarios 4 and 5 (although some aspects may be more general and applicable to other scenarios). 

From RAN2’s perspective, at least for scenario 4 and 5, the connected mode mobility will be modeled as handover, in which the UE needs to synchronize to the target cell and reconfiguration with sync shall be used.

Q1): (At least) for the scenarios covered in this email discussion, do companies agree that reconfiguration with sync shall be used for connected mode mobility?
	Company
	Yes/No
	Comments (if any)

	CATT
	Yes
	From RAN2 perspective, only L3 HO is in the scope now, so we agree the understanding.

	Huawei, HiSilicon
	Yes
	Reconfiguration with sync is baseline. And we don’t need to exclude legacy RLF and re-establishment mechanism which can also be used in late handover case.

	Vodafone 
	Yes 
	

	Sony
	Yes
	

	APT 
	Yes
	

	ITRI
	Yes
	Agree reconfiguration with sync as baseline. 

	Thales
	Yes
	However, as we are in RAN2, we should mention earth moving and earth fixed cell (and not beam). 

	BT
	Yes
	Reconfiguration is the starting point but at this stage, we can’t exclude re-establishment and RLF.
Agree with Thales to refer to cell and not beam.

	Nokia
	Yes, but
	Yes, at least for scenarios 4 and 5. However, some of the scenarios 1-3 can be also linked to Connected mode mobility, correct? What we mean is that not only the direct change to service link requires reconfiguration with sync.

	Panasonic
	Yes
	

	MediaTek
	Yes
	

	CMCC
	Yes 
	It is required at least for handover, and reconfigure with sycn could be considered as a baseline.

	Ericsson
	Yes
	L3 HO as baseline

	Samsung
	Yes
	We agree that that the UE will need to synchronize with the new cell and would need to get its radio configuration from the new cell (e.g., in RRC Reconfiguration) message. To support handover for a large number UEs in a short time, we would need signaling enhancements.

	Intelsat
	Yes
	

	Xiaomi
	Yes
	Agree with Thales and BT to refer to cell and not beam.

	Spreadtrum
	Yes
	

	Lenovo
	Yes
	For Scenario 4 and 5, reconfiguration with sync can be reused while RLF and re-establishment are not excluded. And we better use earth moving/fixed “cell” to avoid confusion.

	OPPO
	Yes with wording comments
	We think “shall be used” here should be “can be used” since reconfiguration with sync may not be the only way for beam switch. 

We share the same opinion as Thales that we should refer to cell but not beam, but before that relationship between cell and beam should be clarified. 

	LG
	Yes
	We agree that handover triggered by reception of reconfiguration with sync is a baseline. Further enhancements in NTN scenarios can be discussed.

	China Telecom
	Yes
	

	
	
	


#Issue 2: Conditional handover
Conditional handover, defined as a handover that is executed by the UE when one or more handover execution conditions are met, has been introduced in NR Rel-16.The UE maintains connection with the source gNB after receiving CHO configuration, and starts evaluating the CHO execution conditions for the candidate cell(s). If at least one CHO candidate cell satisfies the corresponding CHO execution condition, the UE detaches from the source gNB, applies the stored corresponding configuration for that selected candidate cell, synchronises to that candidate cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to the target gNB. 

Considering the large propagation delay in NTN, CHO has been identified as an efficient procedure to have a high degree of hand-over control for hand-over robustness in NTN and the existing CHO procedure can be taken as a baseline [1][2][7].
Q2.1): Do companies agree that the CHO can be used in NTN for both moving beam and fixed beam scenarios, and the CHO procedure and execution condition defined in Rel-16 shall be considered as baseline?

	Company
	Yes/No
	Comments (if any)

	CATT
	Yes
	But we also want to emphasize that any enhancement for NTN scenario adaption should not be excluded at this stage.

	Huawei, HiSilicon
	Yes
	CHO is a feasible solution for Earth moving beam case. But for Earth fixed beam case, legacy handover mechanism still works.

	Vodafone 
	Potentially Yes
	For Conditional Handover to work properly, the target cell has to be stable: for the fixed beam scenarios, this should work well, however for the moving beam scenarios, if the target satellite beams are fluctuating or unstable this conditional handover or any type of handover would not work properly  

	Sony
	Yes
	Rel-16 CHO should be the baseline

	APT
	Yes
	

	ITRI
	Yes
	We think CHO is feasible for both Earth fixed and Earth moving beams. Enhancements should not be excluded for NTN use cases.

	Thales
	Yes
	But should be enhanced to fully adapted to NTN scenarios.

	BT
	Yes
	CHO should reduce the total handover time due to the target cell and the UE are ready in advance to execute it. 
CHO only considers A3/A5 events. The measured signal from two satellites at handover point will be flat. As a result, offsets become to a high relevance. It is for that reason that we would like to consider A4 as a potential option for NTN CHO. 

	Nokia
	In general yes
	Fine to use CHO in NTN. Not sure if the execution condition shall be directly copied as a baseline, especially in light of the next question. 

	Panasonic
	Yes
	With CHO the UE executes the HO based on real-time measurement, which can prevent the case where network makes HO decision based on the out-of-date measurement due to long RTD in NTN. 

	MediaTek
	Yes
	

	CMCC
	Yes 
	The signalling overhead and latency of CHO should be considered.

	Ericsson
	Yes
	Enhancements for Rel-16 CHO should be discussed based on the problems and use cases that need to be addressed.

	Samsung
	No
	We are fine using CHO per network decision. While CHO can be used to accelerate handover, we have a serious concern about the amount of resource utilization. Due to relatively large cells in an NTN, we think that per-user resource availability can be significantly less in an NTN compared to a TN. Hence, when we reserve radio resources for a large number of UEs in multiple candidate cells in CHO, fewer radio resources would be available for data transfer. Hence, we suggest enhancements to the traditional handover mechanism to reduce the user traffic interruption without adversely affecting the availability of radio resources. In our view, CHO is an attractive solution when the radio network can sacrifice resources (by reserving resources in multiple cells) to achieve a higher QoS/QoE. Due to the relative scarcity of radio resources in an NTN (to support higher cell throughput with limited resources), our preference is to use the traditional non-CHO as the baseline.

	Intelsat
	Yes
	Rel-16 CHO should be the baseline, for the moving beam scenarios enhancements for NTN should be considered if needed.

	Xiaomi
	Yes
	For earth moving beam and fixed beam, CHO is a feasible solution, which can effectively reduce the influence of transmission delay in NTN and avoid signalling burst.

For earth fixed beam, legacy handover mechanism can also work.

	Spreadtrum
	Yes
	

	Lenovo
	Yes
	CHO defined in Rel-16 can be considered as baseline, and for NTN conditions other than CondEvent A3/A5 events shall be considered, e.g. location-based and time/timer-based conditions. Combination of conditions, e.g. measurement-based and/or location-based conditions, can also be considered for appropriate CHO execution condition.

	OPPO
	Yes
	Fine to take Rel-16 CHO as baseline.

	LG
	Yes
	Based on the predictable path of LEO satellites, we think CHO would be useful for the network. Moreover, as LEO satellites appear regularly and repeatedly, once receiving the CHO configuration, UEs could use it repeatedly until LEO deployment changes.

	China Telecom
	Yes
	CHO is feasible to improve the handover robustness and reduce handover time in NTN scenario.

	
	
	


On this basis, some further enhancement can be considered. 

The following NTN specific execution conditions for CHO has been studied in the SI phase.
· Location (UE and Satellite) triggering: additional triggering conditions based on UE and satellite location can be considered in NTN and may be considered independently or jointly with another trigger (e.g. measurement based). Location-based conditional HO in LEO scenarios should consider deterministic satellite movement. For example, the location triggering condition may be expressed as distance between the UE and the satellite.

· Time(r)-based triggering: Several triggering conditions considering the time a region is served can be considered. This may be based on UTC time, or a timer-based solution, and may be considered independently or jointly with another trigger (e.g. measurement based). Time-based conditional HO in LEO scenarios should consider deterministic satellite movement.

· Timing advance value based triggering: additional triggering conditions based on timing advance value to the target cell can be considered in NTN and may be considered independently or jointly with another trigger.

· Elevation angles of source and target cells based triggering: additional triggering conditions based on elevation angles of source and target cells can be considered in NTN and may be considered independently or jointly with another trigger.

Furthermore, companies have shown preference on the above NTN specific execution conditions for CHO [1-9] and down selection from all the proposed NTN specific conditions is expected.
Q2.2): Whether NTN specific CHO execution condition is needed? 

	Company
	Yes/No
	Comments (if any)

	CATT
	
	If A4 event is also used for CHO triggering condition, all the above NTN specific options are not needed at all and the spec impact is minimized. 
If we really want to select one option from above, our views are given below:

op1 can cover opt4, so only one is needed. For inter-satellite HO, op1 can work, but for intra-satellite HO, both op1 and op4 can not work at all.
As for op2 and op3, no much difference between op2 and op3,
Both options are applicable for inter-satellite and intra-satellite HO.

To have a unified mechanism for inter-satellite and intra-satellite mobility and also consider the simplification, we think either op2 or op3 is beneficial for implementation.

	Huawei, HiSilicon
	Yes
	Location (UE and Satellite) triggering and Time(r)-based triggering can be further discussed. Regarding the location based triggering, we think cell coverage information is more straightforward than satellite location. In this way UE can determine whether it is on cell edge. If only satellite location is provided, UE still doesn’t know which cell should be the next serving cell.
For the Timing advance value based triggering, in current transparent architecture, TA value contains both service link delay and feeder link delay. We are not sure how this RTT can be linked to cell coverage information.

For Elevation angles based triggering, it implies a requirement that UE needs to be able to determine the Elevation angles, which UE may not support. And at least in Earth moving beam case, especially when both source cell and target cell are from the same satellite, we are not sure if this solution works.

	Vodafone 
	not at this stage 
	At the initial stages of the Satellite service we do not see a real need for a conditional handover, a regular handover should work fine

	Sony
	Yes
	We think UE will anyway be aware of its location due to GNSS capability and this information could be leveraged on the network side for preparing the HO. 
A timer is useful for HO execution.


	APT
	Yes
	Agree HW.

	ITRI
	Yes
	UE location triggering and Time(r)-based triggering can be discussed. Per Rel-17 RAN2 assumption, UE location is available and can be utilized by UE. However, it is a concern that UE consumes additional power for satellite location calculation.

	Thales
	Yes
	Scenarios 4 and 5 focus on inter-satellite HO.

· Location (UE and Satellite) triggering can be further discussed. It should be combined with cell coverage information. The satellite location will not help because the UE will not be able to detect the cell edge simply with the distance UE-satellite
· Time(r)-based triggering: This could not work for mobile UE because the HO moment also depends on UE speed and direction in this case.
· Timing advance value based triggering: could not work for cell pattern different from circular.
· Elevation angles of source and target cells based triggering: could not work for inter-satellite HO

	BT
	Yes
	We would like to avoid as much complexity as possible, mainly on the UE side. As we pointed in Q2.1, A4 should be considered for CHO as it will facilitate the CHO execution. If the trigger isn’t based on radio conditions, we assume that all UEs performs in a similar way, with similar sensibilities, tolerances, etc. We aren’t sure this can be the case and for that reason, we prefer a CHO based on radio conditions where the above options can be considered as a support. 
Location (UE and Satellite) triggering:
In RAN2#111-e meeting we had the following agreement “The NTN network based positioning of UE should provide an accuracy comparable with the network based UE location accuracy of terrestrial networks.”. Then, assuming LEO satellites follow a deterministic movement, location measurement activation of A4 event may reduce the UE power consumption.  
Timing advance value based triggering:

Not sure about this as the gNB is not part of the satellite payload so the feeder link is also included.

Elevation angles of source and target cells based triggering:

We can’t relay on this unless it is UE mandatory. Apart, we need to consider the UE power consumption.

	Nokia
	Not needed
	The handover (even CHO) should be based on radio conditions (cell coverage), so measurement events Ax shall be the primary choice. If the UE knows ephemeris (related to serving and neighbour cells/satellites) and is provided with CHO execution conditions based on measurement IDs, then the UE shall properly select the next serving cell by assessing the radio conditions and knowing when the coverage will likely disappear. 

	Panasonic
	Yes
	Location triggering and timer-based trigger are helpful in LEO cases, which should be added in addition to the legacy RSRP/RSRQ trigger.

	MediaTek
	No
	We think existing measurement based CHO approach is sufficient to address NTN connected mode mobility cases.

For example, difference in signal strength between source and target cell is implicitly a function of location and time and therefore would work for LEO deployments as well. Similarly, “Time to trigger” can be adjusted for Earth fixed vs Earth moving beams.

	CMCC
	Yes
	In our understanding, location information including both UE location and satellite ephemeris data is significant.

	Ericsson
	Yes
	For moving beams, CHO was discussed during the SI. Location/TA and timer based triggers may become handy to speed up the L3 mobility as waiting for measurements and triggering HO based on RSRP can be too slow for the fast moving cells. The timing advance and elevation angle are perhaps more relevant for Earth fixed beams and there these may serve similar purpose to UE location. For accessing a cell, UE needs to be able to estimate TA for the preamble transmission. If UE is too far, TA is too long, sending the preamble will cause a lot of interference at the reception.

	Samsung
	Yes
	While we prefer a traditional handover instead of CHO, the “execution”/ “trigger” framework we suggest below are applicable to both traditional handover and CHO.

The existing signal measurement (e.g., RSRP)-based handover procedure is inadequate for an NTN. Different NTN types (e.g., GEOs vs. non-GEOs and quasi-Earth-fixed beams vs. Earth-moving beams) would benefit from different criteria. A quasi-Earth-fixed beam is fixed on Earth for a specific time period. Note that the accuracy or reliability of new measurements (e.g., elevation angle and location) for handover may not be fully known until actual NTN deployments occur. Hence, we suggest creation of a flexible measurement framework that allows flexible combining of one or more criterion to reduce any risks with NTN deployments. For example, we can have combination triggers such as (Neighbor RSRP + Source Elevation Angle), (Neighbor RSRP + Distance from the center of the source Cell), and (Neighbor RSRP and Time Since Last Handover). The gNB can indicate what criteria the UE needs to combine based on the NTN type and/or beam type. 

This framework will also simplify the work scope. We can decide what quantities to support (e.g., elevation angle and time since last cell reselection) and what combining method to allow (e.g., a logical “AND” to combine Neighbor RSRP and Source Elevation Angle).  If we do not follow this approach, we will have too many trigger conditions or handover measurement reporting events.

We can also reuse this framework for cell reselection.

	Intelsat
	Yes
	Scenarios 4 and 5 should be further investigated. 



	Xiaomi
	Yes
	Location triggering and timer-based trigger are helpful in NTN CHO.

-Location (UE and Satellite) triggering can be further discussed. Cell center and radius or cell coverage information is needed. Since the distance UE-satellite is same for intra-satellite HO, it may only be useful for inter-satellite HO. 

- Time(r)-based triggering can be further discussed for LEO.

	Spreadtrum
	
	Location in the cell layout triggering can be further studied.

Time(r)-based triggering also need UE location because UE in different location have different moments to handover. For Earth fixed case, UE’s movement information is also needed.

Timing advance value based triggering also related to UE location.

For Elevation angles based triggering, we agree with HW’s view.

	Lenovo
	Yes
	The legacy CHO execution condition (measurement-based A3/A5) may not work well for NTN considering that there may not be a clear difference in RSRP/RSRQ. Location-based and time/timer-based conditions can be considered in NTN. NTN specific CHO execution conditions can be independent to legacy conditions or work jointly with them.

Location-based condition

UE can calculate the distance between UE and the corresponding satellite based on the GNSS and ephemeris since UE has the capability of GNSS. In addition, Location-based condition is feasible to be supported because the link between UE and satellite is LOS.

Time(r)-based condition
The UE speed is low compared to the satellite movement. Furthermore, the overlapped coverage of the adjacent satellite is ‘big’ area. Satellite (gNB) can calculate the time(r) if UE reports some assistant information e.g. location or direction. Therefore, time(r) can be supported for NTN CHO.
Other independent conditions
If TA-based trigger condition and elevation angle-based trigger condition are used as the execution condition for CHO, TA and elevation angle should be calculated based on the location information in UE side. Therefore, it will result in more complexity compared to the location-based trigger condition. So it is sufficient to support location-based trigger condition.
Combined execution conditions
In order to improve the robustness, the combined execution condition can be configured to UE. for example, location-based trigger condition and measurement-based trigger condition is configured to UE.

	OPPO
	Yes
	To mitigate RSRP’s inaccuracy in reflecting the difference between cell centre and cell edge in NTN, we agreed to introduce ephemeris-based and (FFS UE location-based) cell re-selection. We think the same reasoning applies to connected mode mobility, i.e. to consider at least option 1. Other options can also be studied.

	LG
	Yes
	For the simplicity, we think option 2 (time(r)-based triggering) is enough and it can cover other options.

Regarding option 1, as it is assumed that network is aware of location information of connected mode UEs, the network would provide the CHO configuration based on the UE location and path of scheduled LEO satellites. We do not think CHO triggering based on location information calculated by UE itself is not really necessary.

Regarding option 3 and 4, as the network is aware of UE location information and candidate target LEO satellites as well, network can provide CHO configuration based on expected timing advance value and/or elevation angle. Also we doubtful whether UE can calculate the elevation angle by itself.

	China Telecom
	Yes
	At least location triggering and timer-based trigering. With the help of location information, UE could predict the target satellites in advance.

	
	
	


Q2.3): If the answer to Q2.2 is “Yes”, which of the following condition (s) are preferred? For the preferred NTN specific CHO execution condition, please share your understanding on the configuration of these new execution condition.
· Condition 1: Location-based execution condition

· Condition 2: Timer based execution condition

· Condition 3: Timing advance based execution condition

· Condition 4: Elevation angle based execution condition

· Other condition?
	Company
	Moving beam scenario
	Fixed beam scenario

	
	Preferred condition
	Example of configuration
	Preferred condition
	Example of configuration

	CATT
	Condition 2 or Condition 3
	For condition 2:

UTC time point is given

For condition 3:

A timer is configured
	Condition 2 or Condition 3
	For condition 2:

UTC time point is given

For condition 3:

A timer is configured

	Huawei, HiSilicon
	Option 1 and option 2 are both ok
	For option 1, cell centre and radius can be provided.
For option 2, handover timing, e.g. UTC time, can be provided. Or a timer can be configured.
	R16 CHO can work well without additional enhancement, as handover doesn’t occur frequently in this case.
	

	Sony
	Condition 2 and 1
	UE location being used in HO preparation and a timer used for HO execution. 
	Condition 2 and 1
	Since HO is required with both fixed and moving beams so both conditions apply.

	APT
	Condition 1
	Entering condition M-H > TH 
Leaving condition M + H < TH 
M: UE-SAT distance 
H: hysteresis 
TH: threshold
	Condition 1 or reuse Rel-16 CHO
	

	ITRI
	Condition 2
	· Condition 2: a network determined timer is configured.
	Condition 1 and Condition 2
	· Condition 1: reference point(s) can be provided, e.g., cell centre, centre location of a NTN tracking area.
· Condition 2: a network determined timer is configured.

	Thales
	Condition 1
	Cells pattern can be provide. Only cell centre and radius is not enough because the cell pattern could be other than circular.
	Condition 1
	Cells pattern can be provide. Only cell centre and radius is not enough because the cell pattern could be other than circular.

	BT
	Condition 1 but as a trigger to start some of the CHO events
	The NTN which knows the UE location activates the CHO measurements in the UE
	Condition 1 and condition 2
	Static UEs should be instructed when to execute the CHO from a UE point of view, they remain in the same cell. 

	Nokia
	Other: cell coverage (radio conditions) + what the UE knows from the ephemeris. Possibly option 2 and 3, but in combination with the radio measurements.
	
	Rel-16 principles do not need to be changed, if satellite’s beam points to the same Earth area.
	

	Panasonic
	Condition 1 and Condition 2
	For Condition 1, the distance between UE and satellites or the distance between UE and the centre of the cell projected on the Earth can be configured as the trigger condition to execute HO.

For Condition 2, an exact UTC timing or a timer can be configured. 
	Condition 1 and Condition 2
	

	MediaTek
	None (Rel. 16 is enough)
	None (Rel. 16 is enough)
	None (Rel. 16 is enough)
	None (Rel. 16 is enough)

	CMCC
	Condition1
	Add location conditions to the existing CHO execution conditions.
	Condition1
	Add location conditions to the existing CHO execution conditions.

	Ericsson
	UE needs to ensure certain TA before accessing a cell. Whether this can be done by directly having TA as trigger or location or something else should be discussed. Avoiding use of measurements is beneficial. Further, there may be country border issues that may call for location based CHO.

Assumption in this response is service/feeder link swictch stemming use cases are not discussed here.
	
	UE needs to ensure certain TA before accessing a cell. In that sense, a trigger that reflects TA is beneficial. Further, there may be country border issues that may call for location based CHO.

Assumption in this response is service/feeder link swictch stemming use cases are not discussed here.
	Ericsson

	Samsung
	All/multiple conditions should be supported to have flexibility and reduce deployment risks
	Support “combination triggers” such as: (A) time/timer trigger AND traditional “neighbor offset better than serving/PCell” (including a negative offset),

(B) TA trigger AND traditional “neighbor offset better than serving/PCell” (including a negative offset), 
(C) Serving Cell Elevation Angle trigger AND traditional “neighbor offset better than serving/PCell” (including a negative offset), (D) Neighbor Cell Elevation Angle trigger AND traditional “neighbor offset better than serving/PCell” (including a negative offset), and 
(E) Serving Cell Distance trigger AND traditional “neighbor offset better than serving/PCell” (including a negative offset).
	All/multiple conditions should be supported to have flexibility and reduce deployment risks
	Support “combination triggers” such as: (A) time/timer trigger AND traditional “neighbor offset better than serving/PCell” (including a negative offset),

(B) TA trigger AND traditional “neighbor offset better than serving/PCell” (including a negative offset), 
(C) Serving Cell Elevation Angle trigger AND traditional “neighbor offset better than serving/PCell” (including a negative offset), (D) Neighbor Cell Elevation Angle trigger AND traditional “neighbor offset better than serving/PCell” (including a negative offset), and 
(E) Serving Cell Distance trigger AND traditional “neighbor offset better than serving/PCell” (including a negative offset).

	Intelsat
	Condition 1
	Same as Thales
	Condition 1
	Same as Thales

	Xiaomi
	Condition 1 and Condition 2
	For Condition 1, the execution condition can be configured based on the distance between UE and cell center. 

For Condition 2, the execution condition can be configured based on an UTC time or a timer.
	Condition 1
	For Condition 1, the execution condition can be configured based on the distance between UE and cell center.

	Spreadtrum
	Condition 1 along with measurements
	Cell layout information is needed.

The condition can be like A3 EVENT with the location weighted RSRP,  for example, the location weighted RSRP is RSRP*(R-D)/R, in which R is the radius of the cell and D is the distance between UE and the center of the cell.
	Condition 1 along with measurements
	Cell layout information is needed.

The condition can be like A3 EVENT with the location weighted RSRP,  for example, the location weighted RSRP is RSRP*(R-D)/R, in which R is the radius of the cell and D is the distance between UE and the center of the cell.

	Lenovo
	Condition 1 and/or Condition 2
Measurement-based Condition and/or Condition 2

	Condition 1: cell centre and radius, or distance between UE and satellites.

Condition 2: NW configured HO timing or timer.

Multiple conditions can be configured and:

(1) UE performs CHO to this target cell when one of them is satisfied (OR association)

(2) UE performs CHO to this target cell when all of them are satisfied (AND association)
	Condition 1 and/or Condition 2

Measurement-based Condition and/or Condition 1
	Condition 1: cell centre and radius, or distance between UE and satellites.

Condition 2: NW configured HO timing or timer.

Multiple conditions can be configured and:

(1) UE performs CHO to this target cell when one of them is satisfied (OR association)

(2) UE performs CHO to this target cell when all of them are satisfied (AND association)

	OPPO
	Condition 1
	Cell centre and radius may be provided to the UE.
	Condition 1 or reuse Rel-16 CHO
	

	LG
	Condition 2
	Handover can be triggered when time condition is satisfied. (e.g. UTC time, certain time has elapsed after receiving the CHO configuration.)
	Condition 2
	Handover can be triggered when time condition is satisfied. (e.g. UTC time, certain time has elapsed after receiving the CHO configuration.)

	China Telecom
	Condition 1&2
	Condition 1: location of cell center and UE

Condition 2: Timer configured by NW
	Condition 1&2
	Condition 1: location of cell center and UE

Condition 2: Timer configured by NW

	
	
	
	
	


#Issue 3: Mobility interruption time reduction
Since it has been agreed in RAN2#111e that 2-step RACH will be supported in NTN [9], both CFRA and CBRA based 2-step RACH procedure will be supported in NTN [10] to reduce the mobility interruption time. 

In addition, RACH-less HO [5] and DAPS handover [12] has been mentioned by some companies.
During SI phase, RACH-less HO has been studied and the following results have been captured in 7.2.1.1.3 in TR38.821:
Based on satellite ephemeris and UE location, the UE can estimate the required TA value of the target gNB enabling the UE to perform RACH-less handover. The feasibility of this solution given the large propagation delay and possible uncertainties in satellite/UE position can be discussed in WI phase.

Since the trajectory and position of the source and the target cell as well as UE’s location can be known, it is possible that UE can determine and apply the pre-compensation for the uplink timing in target cell during handover. Thus, it is has been proposed to consider RACH less HO in NTN [5].
Q3.1): Whether the RACH-less HO should be introduced in NTN?
	Company
	Yes/No
	Comments (if any)

	CATT
	
	We show some sympathy for RACH-less HO, but we still doubt the accuracy of the satellite ephemeris for RACH-less HO, anyway 2-step RACH is in the scope, not so urgent now to introduce more optimization in this release.

	Huawei, HiSilicon
	Yes
	If full TA is deemed accurate enough in RAN1, RACH-less can be introduced in NTN.

	Vodafone
	This is nice to have feature
	It is a feature that is nice to have , however we also need to have a fallback method if this RACH-Less method does not work in practice. 
We suggest system simulation of this RACH-Less and the fallback cases. 

	Sony
	Yes
	If network could use the UE location and determine no TA update required then it may provide RACH-less option as configurable.

	APT
	Nice to have
	But RACH is needed for UL timing and UL frequency alignment. 

	ITRI
	
	We would suggest to send LS to RAN1 and RAN4 for their feedback on the supporting of RACH-less HO.

	Thales
	
	Synchronized RACH-less handover can be used to minimize the user plane data transfer interruption and it can be beneficial for both moving cell and fixed cell deployment. But, the efficiency of the feature is conditional on the accuracy of the TA autonomous acquisition by the UE and on the residual error that the gNB needs to correct in the RAR message. 
In our view RACH-less handover may work in case of inter-cell intra-satellite handovers but may be challenging in case of inter-satellite handover.

	BT
	Nice to have
	At the moment, we don’t have enough information from RAN1 to conclude this can be done. In any case, we need the two mechanisms: RACH-less and legacy RACH.

	Nokia
	No
	We prefer RACH-less than 2-step RACH, with the former being simpler (2-step RACH can work if the UE is able to perform perfect time compensation and ensure MsgA PUSCH is time-aligned so that orthogonality is maintained). However, if 2-step RACH is already agreed to be adopted then no need for another RACH solution in Rel-17. If the decision is to be reconsidered, we would be supportive of RACH-less as it may work in some NTN scenarios.

	Panasonic
	Yes
	In order for UE to pre-compensate the uplink timing in the target cell, a common TA can be provided to UE during the HO procedure. Alternatively, UE can estimate the TA of the target cell by observing the DL timing difference between the serving and target cell.

	MediaTek
	Yes
	With UE-based pre-compensation that needs to be introduced with other user plane aspects, the UE will estimate the required TA for the target gNB. This information can be used to perform RACH-less handovers. 

	CMCC
	
	HO without RA could help reduce the whole HO latency, especially for NTN system, there is a significant gain. And If accurate TA could be captured without RA, then we could consider RACH-less HO.

	Ericsson
	Yes
	RACH-less will reduce PRACH load and decrease the RA collision rate, and leave the RA capacity of the cell to be used for other RA attempts. RACH-less HO may be a resource efficient alternative to 2-step RA. Thus, RACH-less is highly beneficial for NTN.

	Samsung
	Yes if it is one of the allowed RA options. 

No if it is mandatory or the only option.
	We observe that RAN2 has decided to support both the 4-step RA procedure and the 2-step RA procedure. We prefer the traditional 4-step RA for reliable handover signaling along with intra-handover (i.e., between the RRC Reconfiguration message and the RRC Reconfiguration Complete message) user traffic transfer to reduce the user traffic interruption. The cost of a failed handover is very high in an NTN (especially for quasi-Earth-fixed beams and Earth-moving beams) and may lead to the loss of a radio connection, adversely affecting the user experience. We suggest that the target gNB configure the UE with the type of RA to be used for handover (e.g., the use of 4-step RA, 2-step RA, RACH-less handover, and the use or absence of DAPS) as part of the RRC Reconfiguration message carrying the handover command. Such flexibility at the gNB will mitigate risks in an NTN deployment.

	Xiaomi
	
	RAN2 can send LS to RAN1 and RAN4 to get the accuracy of TA and the requirement of TA accuracy in RACH-less HO. If the requirement is satisfied, RACH-less HO can be introduced in NTN.

	Spreadtrum
	Yes
	We think it is workable in some cases. For example, handover between the target cell and the source cell under a satellite and with same feeder link delay.

	Lenovo
	Yes
	We see RACH-less HO useful.

	OPPO
	No
	We prefer 2-step RACH than RACH-less. The feasibility of RACH-less in NTN should be studied in RAN1.

	LG
	
	We wonder RACH-less HO is really needed, considering that this was not even introduced in NR. 2-step RACH would be enough to reduce the signalling delay during HO, so it is not really urgent to introduce RACH-less HO now.

	China Telecom
	Yes
	On condition that the TA estimation is accuracy, RACH-less HO is helpful to reduce HO delay.

	
	
	


DAPS Handover, a handover procedure that maintains the source gNB connection after reception of RRC message for handover and until releasing the source cell after successful random access to the target gNB, has been introduced in NR Rel-16 to reduce the mobility interruption time. 

Since we have agreed in RAN2#111e that “For TN/NTN mobility, the UE is not required to connect to both TN and NTN at the same time”, DAPS HO between a NTN cell and a TN cell has been ruled out and the discussion will focus on whether to support DAPS HO between NTN cells.
Q3.2a): Do companies agree that the DAPS HO between NTN cells can be used, and the DAPS procedure defined in Rel-16 can be considered as baseline?

	Company
	Yes/No
	Comments (if any)

	CATT
	
	DAPS HO is introduced in R16, considering the large interruption time due to NTN scenario, DAPS HO is really beneficial, but for NTN mobility, mobility robustness seems more challenging than service interruption. If we use DAPS HO, that means CHO HO can not use at the same time, we should focus on key challenge first at this release.

	Huawei, HiSilicon
	Yes
	R16 DAPS can be baseline. If no other necessary enhancement is needed, DAPS can be applied in NTN naturally.

	Vodafone 
	This is nice to have feature
	In theory this is a nice to have feature, however bearing in mind that the NTN cells suffer from long latencies and considering the end-to-end round-trip delay etc. this may not work well in practice, particularly if the UE is under a moving beam 

	Sony
	No
	We assume the question is about DAPS enhancements as Rel-16 feature can be supported by default. However, we are not sure what kind of service is targeted here. 

	APT
	Yes
	Agree HW

	ITRI
	Yes
	Rel-16 DAPS can be baseline to reduce interruption time of NTN mobility.

	Thales 
	Yes
	Mobility enhancements features such as DAPS Handover can be used to minimize the user plane data transfer interruption. DAPS procedure defined in Rel-16 can be considered as baseline. It   can be beneficial for both moving cell and fixed cell deployment

	Nokia
	
	Due to large distances and propagation delays in NTN, DAPS may be considered as a solution to minimize HO interruption. However, this may result in certain major issues to be tackled, e.g. can the UE simultaneously transmit/receive data from multiple satellites? Do we need to ensure frequency reuse to sufficiently isolate different beams, etc. We prefer not to address DAPS in Rel-17 NTN.

	Panasonic
	
	Agree with CATT that CHO should be taken first, and DAPS can be considered only if both DAPS and CHO can co-exist. Moreover, if RACH-less HO is also taken, the issue of having long HO interruption time can be addressed already (i.e., DAPS may not be required).

	MediaTek
	Yes
	We assume that all R.16 features are available and there is no reason to make NTN-specific changes in DAPS.

	CMCC
	Yes
	DAPS can effectively decrease user data interruption.

	Ericsson
	Yes, but…
	DAPS HO can be considered as a solution to reduce mobility interruption time in some NTN handover scenarios, e.g. when performing handover to/from GEO-based cells where large propagation delays are expected.

But considering that DAPS HO for NTN has not been thoroughly discussed in RAN2 yet, it seems a bit premature to agree whether DAPS HO can be adapted for NTN in Rel-17. Thus, we think this need to be further studied. 

From Rel-16 we also know that DAPS HO is a complex feature affecting all WGs in RAN. Apart from RAN2, we would expect at least RAN1 and RAN4 involvement if adapting DAPS HO for NTN.

	Samsung
	Yes if it is one of the allowed options. 

No if it is mandatory.
	As we observed in our response to Q3.1, we prefer the traditional 4-step RA for reliable handover signaling along with intra-handover (i.e., between the RRC Reconfiguration message and the RRC Reconfiguration Complete message) user traffic transfer to reduce the user traffic interruption.

DAPS will certainly reduce the user traffic interruption. However, all UEs may not be capable of DAPS. Potential challenges of using DAPS in an NTN include an increase in the resource utilization (especially control channels) for a large number of UEs experiencing handover at the same time, timing difference between NTN cells and increased feeder link utilization due to simultaneous connectivity of the UE with two satellites. Hence, we suggest that the target gNB configure the UE with DAPS if the UE supports it and if the network chooses to implement it.

	Xiaomi
	Yes
	We may need to ask RAN3 whether DAPS can be reused in NTN, since many procedures are up to NW implementation in DAPS, such as UE capability coordination, data forwarding.

	Spreadtrum
	Yes
	

	Lenovo
	Yes
	We see DAPS useful and as a Rel-16 feature which is already available, we don’t see any issue to reuse the legacy DAPS procedure.

	OPPO
	
	Technically, we think the main issue of implementing DAPS in NTN is 2RX with two satellites. We are not sure if this is a realistic assumption. Perhaps RAN1’s input is needed.

Meanwhile, we are actually skeptical if we really should target to 0ms interruption time in NTN and what are the intended services. We think 2-step RACH would be sufficient to achieve less interruption time and we see less motivation to support DAPS for NTN.

	LG
	
	Regarding that purpose of DAPS HO is 0ms interruption, we wonder this service requirement is also needed in NTN. However, if needed, we think that R16 DAPS HO should be enough and NTN-specific enhancement is not needed.

	China Telecom
	Yes,but
	DAPS HO can reduce HO interruption time. However, we should also keep in mind the resource efficiency and UE capability to support DAPS in NTN scenario.

	
	
	


Q3.2b): If answer to Q3.2a is Yes, do we need any further enhancement for DAPS in NTN?

	Company
	Yes/No
	Comments (if any)

	CATT
	
	As mentioned in Q3.2a, DAPS HO should be enhanced to use jointly with CHO.

	Huawei, HiSilicon
	No
	We don’t see issues when applying DAPS in NTN for now.

	Vodafone 
	Yes
	the end-to-end system simulation is required to ascertain the latencies in various scenarios. Furthermore the processing time of Space and Ground units need to be accounted for. 

	APT
	Maybe
	1) Enhancement on single Rx/Tx functionality UEs 
2) Feasibility check if DAPS between cells with different cell-specific timing and frequency compensation

	ITRI
	
	Rel-16 DAPS can be baseline. However, RAN2 should discuss on applying DAPS to different NTN cases, including Scenario 1, 2, 3.

	Thales
	No
	DAPS feature defined in Rel-16 can be used as baseline.

Possible enhancements of the DAPS procedure in NTN can be further investigated but are not a urgent matter

	Nokia
	Yes
	Likely NTN scenario would impose some changes (e.g. what we answered for Q3.2a). But we doubt RAN2 is able to address those in the time-constrained Rel-17 NTN WI.

	MediaTek
	No
	We see no reason to make NTN-specific changes in DAPS.

	CMCC
	Yes
	DAPS enhancements can be discussed further.

	Ericsson
	FFS
	Adapting DAPS HO to NTN needs to be further studied to clarify e.g. in what NTN handover scenarios/use cases would DAPS HO be beneficial, if DAPS HO in combination with CHO need to be supported, UE requirements etc.

	Samsung
	Yes
	If DAPS is supported, solutions to address radio resource utilization and feeder link utilization for a large number of users and timing differences between cells (including inter-gNB delays on the ground for the transparent payload case) may be needed.

	Xiaomi
	Yes
	In R16, DAPS and CHO can not be configured simultaneously. In NTN, CHO is important to reduce the side effect of long RTT time. It’s important to support joint DAPS and CHO configuration in NTN.

	Spreadtrum
	No
	

	Lenovo
	No
	We don’t see any issue to reuse the legacy DAPS procedure.

	OPPO
	No
	We don’t see need for any enhancement for DAPS in NTN.

	LG
	No
	Any further enhancement for NTN DAPS is not needed.

	China Telecom
	Yes
	Resource efficiency and UE capability to support DAPS in NTN scenario should be investigated further.

	
	
	


#Issue 4: General principle for measurement in NTN

In NR, the measurement configuration include the following parameters:

Measurement objects: A list of objects on which the UE shall perform the measurements.

Reporting configurations: A list of reporting configurations where there can be one or multiple reporting configurations per measurement object. 

Measurement identities: For measurement reporting, a list of measurement identities where each measurement identity links one measurement object with one reporting configuration. 

Quantity configurations: The quantity configuration defines the measurement filtering configuration used for all event evaluation and related reporting, and for periodical reporting of that measurement. 

Measurement gaps: Periods that the UE may use to perform measurements.

UE perform measurements according to the configuration and the measurement report can be triggered periodically or by events (e.g. A1/A2/A3/A4/A5/A6/B1/B2).

The measurement configuration, execution and reporting framework shall be considered as a baseline in NTN and all the existing measurement criteria and event can be used.
Q4): Do companies agree that existing measurement framework (e.g. measurement configuration, execution and reporting) shall be considered as a baseline, and all the existing measurement criteria and event can be used in NTN?
	Company
	Yes/No
	Comments (if any)

	CATT
	No
	At least for measurement initiation, we don’t think the current threshold based measurement initiation condition is workable in NTN scenario considering the very small RSRP difference between cell center and edge.
In TN system, a UE can determine it is near the edge of a cell due to the near-far effect – a clear RSRP/RSRQ value difference between cell center and cell edge. But such an effect may not be as pronounced in non-terrestrial deployments as the RSRP/RSRQ value difference between satellite cell center and satellite cell edge is typically less than 3dB, while the RSRP/RSRQ value difference between TN cell center and TN cell edge is typically more than 15dB.
Based on current RAN4 spec [3], the measurement accuracy requirements are listed below:
Table 1 Measurement Accuracy Defined for RSRP/RSRQ/SINR Measurement
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According to Table 1, it’s obvious that the UE RSRP/RSRQ measurement accuracy is comparable to the RSRP/RSRQ value difference between satellite cell center and satellite cell edge. Even if the UE is located at the center of the satellite beam footprint, the RSRP/RSRQ measurement results of the serving cell may exceed the network configured measurement initiation threshold, which will cause the UE to measure the intra/inter frequency cell in advance. In the worst case, the NTN UEs have to measure the intra/inter frequency cell even if the serving cell signal is strong enough, which is not the original intention when threshold based measurement initiation method was designed.

So for measurement configuration and reporting, we’re fine to use current mechanism as baseline.

But for measurement initiation, the current method is not workable at all.

But for measurement execution, we should confirm with RAN4, anyway they lead the principle for measurement execution.

	Huawei, HiSilicon
	Yes
	

	Vodafone 
	
	We agree with the analysis offered by CATT regarding the Satellite beam’s signal power distribution and the observations is right, however we also like to add another scenarios where the Satellite is at a low angle above the horizon and the shadow/beam that it illuminates on the ground is not a circular pattern but an elongated ellipse along the ground: in this scenario the signal power distribution is significantly skewed/undefined and -3dB positions may be more stretched. 
with this in mind we would need more sensitive measurements.  

	Sony
	Yes
	

	APT
	Yes
	

	ITRI
	Yes
	We think the existing measurement framework can be used as baseline. Enhancements for NTN should not be excluded.

	Thales
	Yes
	Measurement framework can be used as baseline.

The measurement periodicity, thresholds, accuracy may be adapted to NTN context. New measurement triggering events may be introduced for NTN.

	BT
	No
	We consider current event mechanism needs to be reviewed as it is not workable for NTN.
The measurement accuracy in real devices shall also add RAN5 [TS 38.521-1] margins included during the testing. So final analysis should include RAN4 as pointed by CATT and RAN5 margins.  

	Nokia
	Yes
	This should be the baseline. Then, some NTN-specific enhancements can be considered, to e.g. address the concerns described by CATT. Measurement accuracies can be challenging, but even the existing mechanisms have several configurable parameters which can be used to mitigate these. With correctly shaped and spaced beams, the difference between the serving and neighbours in terms of e.g. RSRP should be sufficiently large to detect the HO conditions. 

	Panasonic
	
	We agree with CATT that since the RSRP/RSRQ difference UE can observe at the cell centre and at the cell edge is quite small (less than 3dB), certain mechanisms (e.g., threshold configuration) in the existing measurement framework need to be revised, and this would also require the involvement of RAN4.

	MediaTek
	Yes
	

	CMCC
	Yes, but
	Enhancements for measurement are needed for NTN  due to the insignificant near-far effect.

	Ericsson
	Yes
	As baseline yes. However, it seems relying on RSRP might not work as shown by CATT and commented by VDF.

	Samsung
	Yes
	The existing framework can be reused but enhancements are needed to address the NTN challenges of long delays and potentially similar RSRPs near the cell borders for Earth-fixed and non-Earth-fixed beams and nearly identical RSRPs in the entire cells for quasi-Earth-fixed beams. In particular, an early non-handover-triggering Measurement Report with historical measurements may be useful to help design a predictive and accelerated handover. New measurements such as the platform/satellite elevation angle and distances should be supported to enhance the overall reliability of handover.

	Intelsat
	Yes
	Measurement framework can be used as baseline.

	Xiaomi
	Yes
	Although the near-far effect is not pronounced, we think the existing measurement framework can be used as baseline, and jointly with measurement based on location.

	Spreadtrum
	No
	Share CATT’s view

	Lenovo
	Yes
	Existing measurement framework shall be considered as a baseline, and this does not exclude further enhancements.

	OPPO
	Yes
	

	LG
	Yes
	We think current measurement mechanism can be a baseline. Regarding the NTN environment that measured RSRP/RSRQ values may be so different from TN, we can discuss further enhancements.

	China Telecom
	Yes
	

	
	
	


#Issue 5: UE location report
Inclusion of location information in the measurement report has been studied in the SI phase and the following results have been captured in 7.3.2.2.1 in TR38.821.
Inclusion of location information in the measurement report: Location information may be piggy backed onto the measurement report to provide the network additional information when determining whether to HO. Additional design considerations (e.g. signalling overhead impacts and potential privacy concerns) can be addressed in a work item phase. 

A non-terrestrial network may provide global, or multi-country coverage. UE location information, if available at network side, can be used as assistance information to help network apply the country-specific policies. Additionally, awareness of UE location is also helpful for network to provide appropriate measurement configuration and make CHO/HO decision. Thus, it has been proposed to support UE location report in NTN [2] [4] [8] [11].
In R16, includeCommonLocationInfo-r16 has been introduced for UE supporting MDT to report its location information via MeasurementReport message --> measResults -->locationInfo-r16. For UE with GNSS support, similar mechanism can be applied. However, as shown in R2-2006372, RAN2 inform SA5 that from RAN2 understanding, network shall not configure UE to report location information for SON/MDT purpose if network doesn’t get the user consent for this UE. The user consent requirement should also be applied to RLF reporting, CEF reporting and SCG failure case. It is worth considering whether any permission from UE is needed for the gNB to collect the UE location information [2].
Q5.1): In NTN, whether any permission from UE is needed for the gNB to collect the UE location information for the purpose other than SON/MDT? 
NOTE: If the answer is yes, then the gNB can only collect the location information for the UE with permission, which means the solution requires location information on gNB side is only applicable in case the location collection is allowed by UE. 

	Company
	Yes/No
	Comments (if any)

	CATT
	Yes
	For SON&MDT framework, user consent is necessary if the collected data includes UE location info.
For signaling based MDT procedure, user consent is maintained in core network, the core network will transfer the signaling based MDT configuration to RAN side only after confirming UE’s user consent.
For management based MDT procedure, RAN can know the user consent based on Management Based MDT Allowed indication coming from CN.
According to the background above, user consent is per UE granularity and subjected to UE subscription data. User permission is necessary also if NTN RAN wants to get the UE location info to assist paging/HO whatever. 
But the question is that we don’t think the user consent used for SON&MDT framework can be simply reused for NTN system. Anyway, SON&MDT feature is an optional feature, we can’t assume NTN will support this feature all the time. More addition, even if SON&MDT feature is supported in NTN, NTN system may still use another independent permission acquiring method due to the quite different use cases.

	Huawei, HiSilicon
	Yes
	Without user consent, network should not collect UE location information.

	Vodafone 
	Yes 
	Even for SON and MDT we would still need users’ permission

	Sony
	Yes
	Agree with Vodafone and the exact mechanism could be outside of 3GPP.

	APT 
	Yes
	

	ITRI
	Yes
	

	Thales
	Yes
	The network should not collect UE location information without permission from UE.

	BT
	Yes
	The user consent is required.

	Nokia
	Yes
	Agree with CATT that user’s consent from MDT cannot be reused. In principle, the UE’s location reporting was defined already in LTE – e.g. for V2X. We believe a similar approach can be followed. A key question that shall be answered is also how often such UE location reporting would be needed.

	Panasonic
	Yes
	

	MediaTek
	Yes
	Depending on regional policies, UE’s permission may be required for gNB to collect UE location report.

	CMCC
	
	This is not a RAN issue, it may need to be decided by SA3 or the application layer.

	Ericsson
	unclear
	Whether any specific permission per UE is needed is unclear. For Aerial height based reporting UE can be configured to report location as well. It may also be that due to the nature of NTN, reporting location to network is mandatory to support. 

	Samsung
	Both Yes and No!
	The gNB should not need to obtain the permission from the UE; such permission should ideally come to the gNB from the core network (e.g., UDM to AMF to gNB). The UE location can be useful not only for handover but also for registration area management and paging. Hence, both the gNB and the AMF should be aware of such permission so that they can make use of the UE location report.

	Xiaomi
	Yes
	RAN2 should decide whether UE location information is a specific location (such as location coordinates) or a rough location (such as current country).

	Spreadtrum
	Yes
	

	Lenovo
	Yes
	In SON/MDT UE location report is optional and needs UE permission as well. A similar but independent procedure for permission can be considered.

	OPPO
	Yes
	

	LG
	Yes
	Of course UE permission is needed to collect UE location information.

	China Telecom
	Yes
	

	
	
	


Q5.2): Whether the location information report should be supported in NTN for the purpose other than SON/MDT?
	Company
	Yes/No
	Comments (if any)

	CATT
	Yes
	Many companies in SI phase think RAN based UE location acquiring method can also work to avoid location reporting from UE, but we think both RAN based UE location acquiring and UE based location reporting should not be excluded at this stage. The accuracy of RAN based UE location acquiring is still unclear and whether UE based location reporting is needed or not is subjected to the use cases and requirements, so we think it’s better to confirm the use cases and requirements first.

	Huawei, HiSilicon
	No
	If the only concerned scenario is that a cell covers several countries, then UE can report current country where it is located to assist PLMN selection. In other cases, we don’t see much benefit to collect this UE information.

	Vodafone 
	No 
	there is no justification to collects users’ locations 

	Sony
	Yes
	We think this is a coarse UE location which is used for specific purpose e.g. mobility and service continuity in the RAN node. It does not require the exact UE location being reported.

	APT
	Nice to have
	Agree HW. Since NW shall maintain UE-specific TA value, i.e., UE’s RTT, this can be seen as a coarse UE location and it might be enough for mobility enhancement.    

	ITRI
	Yes
	UE location is considered for mobility purposes in SI phase. The mechanism of location information report should be supported when user consent to provide UE location to network for mobility purpose.

	Thales
	No
	

	BT
	No
	As we pointed before, RAN2 has the following agreement “The NTN network based positioning of UE should provide an accuracy comparable with the network based UE location accuracy of terrestrial networks.”. Then, why do we need the exact UE location apart from SON/MDT?

	Nokia
	Yes
	We think the MDT and NTN should be two separate areas and MDT is fully optional. The NTN system should have the possibility to configure the UE to report its location information. 

	Panasonic
	Yes
	Same as mentioned in TR 38.821 already, we think the location information carried in the measurement report is useful for network to make the HO decision and/or to configure the measurement properly.

	MediaTek
	No
	Agree with BT.

	CMCC
	Yes
	Location information is important, especially for mobility enhancements, TA compensation. Moreover, in R15 LTE UAVs WID, the flight path information has be introduced for mobility.

	Ericsson
	Yes
	Network may need to know where UEs are to fulfill lawful interception. There may be an issue of trusting the UE reported location if used for this purpose. For other purposes it may be ok.  It would be better to have UE to report time of arrival related measurements; TDOA, RSTD etc or PRS-RSRP for angle based. The UE reports these measurements via LPP to LMF and location server (LMF) computes it. This is one of the key issues in the WI.

	Samsung
	Yes
	The UE location can be useful not only for handover but also for registration area management and paging.

	Xiaomi
	Yes
	Location information will be helpful for HO decision.

Considering that gNB cannot locate UE through existing schemes, RAN2 should support UE report location information.

	Spreadtrum
	No
	

	Lenovo
	No
	We see no need to obtain UE’s exact location information via UE report.

	OPPO
	No
	Agree with BT.

	LG
	Yes
	As NTN cell coverage is very large, we think UEs located in different area inside a cell coverage may need different configuration. So we think each UE may need different cell reselection configuration where cell-specific configuration is being used in legacy procedure.

Therefore, we think network may need to know location information of idle mode UEs. Of course, location information of connected UEs also needs to be known to the network.

	China Telecom
	No
	

	
	
	


#Issue 6: Location based measurement

Location based measurement report triggering has been evaluated in the SI phase and the following results have been captured in 7.3.2.2.1 in TR38.821.
Conditional triggering of measurement reporting: The triggering of measurement reporting can be based on UE location. This may be based on UE location vs a reference location, or a combination of location and RSRP/RSRQ.

Based on the contributions submitted to RAN2#111e, companies showed interest in supporting location based measurement event[3][4][6][11].
Q6.1): Do companies agree that the Location-based measurement event should be supported in NTN? For earth moving beam or earth fixed beam or for both?

	Company
	Yes/No
	Comments (if any)

	
	Moving beam
	Fixed beam
	

	CATT
	Depends the purpose
	Depends the purpose
	If the Location-based measurement event is enhanced for RRM purpose, the answer is No for both scenarios, the reason is given below:

For moving beam, not all trigger events are workable for NTN system, but at least A4 event is still workable, so we think it’s not so urgent to optimize this feature in the first NTN release.
For fixed beam, besides the above comments, due to the lower HO rate, even the requirement is not strong enough considering the relative long measurement available duration.

If the Location-based measurement event is enhanced for UE location reporting update purpose, the answer is yes for both scenarios, but the pre-condition is that in Q5.2, we agree to support UE side location reporting. If the NTN RAN side uses UE location for paging/HO enhancement, the UE location update procedure is necessary for better network judgment.

	Huawei, HiSilicon
	Yes
	Yes
	Since the near-far effect is not quite obvious, location based measurement can be applied as complementary solution. And this approach can be adopted in both moving and fixed beam cases.

	Vodafone 
	Yes 
	Yes
	Satellite operators may wish to optimise/measure signal strengths at various locations, and from time to time trigger measurement events.
There should be mechanism available to satellite operators to trigger remote signal measurements via UEs 

This aspect should be left to Satellite operators as this is an operational issue however RAN2 should endeavour to create mechanism/signalling to trigger this measurement. 



	Sony
	Yes
	Yes
	

	APT
	Yes
	Yes
	

	ITRI
	Yes
	Yes
	RAN2 should provide a mechanism to trigger location-based measurement for both Earth fixed and Earth moving beams. However, the granularity/accuracy of location and the triggering of measurement report need to be discussed based on configuration feasibility. 

	Thales
	Yes
	Yes
	Location-based measurement event is needed for moving cell.

For earth fixed beam, measurement based HO could work fine because the UE speed is relatively small compared to measurement validity. This depends on measurement periodicity, UE speed and satellite capability to maintain constant power in serving cells while it is moving.

	BT
	Yes
	Yes
	In both cases, it might help to activate the measurements.

	Nokia
	Agree with CATT
	Agree with CATT
	Location shall not be the only factor used in measurement triggering. This should be still primarily based on radio measurements. We agree with what CATT has stated.

	Panasonic
	Yes
	Yes
	Compared to the RSRP/RSRQ trigger, Network can have better control on when UE shall report the measurement based on the location-based trigger.    

	MediaTek
	No
	No
	As explained in Question 2.2, measurement based approach can be viewed as a function of location. Thus, we think there is no need of any new measurement event.

	CMCC
	Yes 
	Yes 
	Only relying on RSRP/RSRQ is not enough, and available location will provide more benefit.

	Ericsson
	yes
	yes
	We think location based measurement trigger can be complementary to pure RSRP based triggering. Whether the actual location is also reported can be discussed.

	Samsung
	Yes
	Yes
	The exact definition for the trigger should be discussed. The location based reporting based on the distance of the UE from the center of the serving cell can be useful for at least Earth-fixed beams in GEOs and Earth-moving beams in non-GEOs. The location based reporting based on the distance of the UE from the platform/satellite can potentially be useful for quasi-Earth-fixed beams and Earth-moving beams in LEOs.

	Intelsat
	Yes
	Yes
	A location based measurement event may be required for for both Earth fixed and Earth moving beams. 

	Xiaomi
	Yes
	Yes
	For earth moving beam and fixed beam, Location-based measurement event is useful. The speed and direction of UE should also be considered for high speed UE.

	Spreadtrum
	Yes
	Yes
	RSRP based measurement event cannot work properly because RSRP differences are much smaller than TN.

	Lenovo
	Yes
	Yes
	The measurement-based triggering may not work well for NTN considering that there may not be a clear difference in RSRP/RSRQ. Location-based triggering can be considered at least jointly with measurement-based triggering.
Furthermore, the combined event e.g. location based and legacy measurement based event can be configured to UE to trigger report. 

	OPPO
	Yes
	Yes
	

	LG
	Yes
	Yes
	In addition to current measurement reporting triggering conditions which uses RSRP/RSRQ, we could consider UE location-based triggering condition of measurement reporting. If UE enters/leaves certain area, UE could report the measurement results. Other way could be periodic way.

	China Telecom
	Yes
	Yes
	

	
	
	
	


If location-based measurement event is supported, a measurement report will be triggered when UE moves out of or moves in the area scope configured. For the configuration of area scope, the following alternatives can be considered [3] [4]:

· Alt1: A relative area scope, in which case the area scope will change as the movement of satellite.

· Alt1-1: The area scope is configured as the relative distance between UE and satellite.

· Alt1-2: The area scope is configured as the relative distance between UE and the center of a cell.

· Alt2: An absolute area scope, in which case the area scope will not change unless new configuration is received.

· Alt2-1: The area scope can be expressed as single reference location (represented by location coordinates) and a radius associated to the reference location.

· Alt2-2: A list of location coordinates. 

· Alt2-3: A list of TAI (PLMN + TAC) of TN cells. As shown in Figure 2, a list of TAI of TN cell (e.g. TAI#1 and TAI#3) can be configured to represent the cell edge of the serving NTN cell and UE trigger measurement report when it moves in to this area.
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Figure 1. Example of Alt.2-1 and Alt.2-2
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Figure 2. Example of Alt.2-3
Q6.2): If the answer to Q6.1 is yes, then how to configure an area scope and a measurement report will be triggered when UE moves out of or moves in the area scope configured?

· Alt.1: A relative area scope, in which case the area scope will change as the movement of satellite.

· Alt.2: An absolute area scope, in which case the area scope will not change unless new configuration is received.
· Other alternative for this?
	Company
	Preferred configuration

(Alt.1/2 or others)
	Comments (if any)

	
	Moving beam
	Fixed beam
	

	CATT
	others
	others
	As mentioned in Q6.1, in our view, no enhancement is needed for RRM purpose measurements reporting, while for UE location update procedure, we’re still fine to discuss any event triggered mechanism.

Firstly, we think periodic UE location update way is also one candidate option, which can be a supplementation for event triggered UE location update.
As for event triggered UE location update, our view is shared below:
For Alt1, relative distance between UE and satellite and relative distance between UE and the center of a cell are both changing over the movement of satellite even if the UE is stationary. We’re not sure how it works for location update reporting trigger. 
For Alt2, this method requires UE to be configured with many reference points, considering satellite beam may cover multiple countries, the reference points may be a big overhead.
To simplify UE implementation, we give Alt3:

Alt3: the reference point is the UE location that UE last reported. Network configures a distance threshold. UE will trigger the UE location update procedure only when the distance between UE current location and the reference point is above the configured threshold. After the successful updated UE location delivery, the newest reported UE location becomes the reference point. So the iterative.

	Huawei, HiSilicon
	Alt1-2 and Alt2-1
	Alt1-2 and Alt2-1
	Alt1-2 and Alt2-1 are basically the same if we consider that network broadcasts the cell center periodically.
For Alt1-1, the distance between satellite and UE cannot reflect the cell edge information.

And compared to Alt2-1, Alt2-2 and Alt2-3 both introduce more signaling overhead.

	Vodafone 
	leave this to the satellite operator 
	leave this to the satellite operator
	Neither, this is operational issue and should be left to Satellite operators to define the scope and geographical location of signal power measurements etc. 

	Sony
	Alt 2-1
	Alt 2-1
	In our understanding, alt 2-1 is based on UE determining its location and report only if it moves out of the configured radius.

	APT
	Alt 2-3
	Alt 2-3
	Since tracking aera shall be fixed on the ground, Alt.2-3 makes sense to us.

	ITRI
	Alt 2-1
	Alt 1-2, Alt 2-1
	It is not preferred to rely on UE calculating/estimating the location of cell centre or relative distance.  

	Thales
	Alt1-2
	Alt1-2
	Atl1-2 but the cells pattern is needed.

The whole cells pattern should be given to the UE, combine with the satellite ephemeris so the UE could compute the cell edge at any time.

FFS if the format of cells pattern to be given.

	BT
	Other
	Other
	We consider location is a support for radio conditions triggering. 
Which of the above options will require further study to understand the pros and cons. 

	Nokia
	Alt-1 possibly
	
	Agree with CATT that periodic reporting can be considered, if event-triggered (using legacy events) is claimed to be insufficient. Some ‘area’ definitions (Alt-1) within a cell could be also helpful for mobility mechanisms. 

	Panasonic
	Alt.1
	Alt.1
	For Alt.2, a stationary UE will not report its measurement. Alt.1 allows UE to report its measurement prior to the service link switch due to satellite movement, which we think is necessary for network to make the HO decision.

	MediaTek
	None
	None
	Please see our response to Question 6.1

	CMCC
	
	
	Both Alt.1 and Alt.2 are fine, and the information size for each option could be considered, and it may be better to choose one option with smaller information size.

	Ericsson
	
	
	We should clarify first what is the difference between the absolute and relative options. We could start assuming each cell broadcasts its center. Then, how often and how accurately this is updated is another question. Our interpretation of absolute would be that the threshold is always relative to the signalled value. Then again, the interpretation of relative would be that UE interpolates the current center in between the refinements. UE may need to do this anyway for possible random access. However, our preference for this trigger to report is that it is relative to a signalled value.

	Samsung
	Alt. 1
	N/A (not useful)
	We suggest flexible combination triggers for measurement reports based on the deployment scenario. Alt. 2 is too complex to manage and less helpful than Alt. 1, especially for a UE.

	Xiaomi
	Alt1-2 and Other
	Alt2-1 and Alt2-2
	For earth moving beam,

-If the cell coverage is approximately circular，Alt1-2 should be supported.

-If the cell coverage is irregular, we give Alt1-3.

Alt1-3: A list of location coordinates with movement information. The speed and direction of the list is contained in the movement information.

For earth fixed beam, 

-If the cell coverage is approximately circular，Alt2-1 should be supported. (Alt1-2 and Alt2-1 are basically the same.)

- If the cell coverage is irregular, Alt2-2 should be supported.

	Spreadtrum
	Alt 1-2
	Alt 2-1
	Alt1-2 is straight forward and workable. For Earth fixed, alt 2-1 is straight forward and workable.

	Lenovo
	Alt 2-1
	Alt2-1
	Alt 2-1 is sufficient for both earth moving/fixed cells. Alt 1-1 cannot represent an NTN cell and Alt 1-2 is actually same to Alt 2-1. Alt 2-2 and Alt 2-3 have similar or even more overhead than Alt 2-1.

	OPPO
	Alt1-2 and Alt2-1
	Alt1-2 and Alt2-1
	With cell centre and radius broadcasted for different satellite, UE can identify the leaving and incoming cells.

	LG
	Alt 2-1, 2-2
	Alt 2-1, 2-2
	We think leave it to network implementation as much as possible. Calculation by UE is not preferable, because it increases UE complexity too much and power consumption.

	China Telecom
	Agree with VDF
	Agree with VDF
	

	
	
	
	


#Issue 7: Measurement window configuration 
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Figure 3. Propagation delay difference between satellites
As shown in Figure 3, a UE served by a LEO satellite S1, will be covered by an incoming LEO satellite S2. The UE should perform measurements of the neighbouring cells originating from S2 for mobility purposes based on the measurement configuration provided to the UE, however the propagation delay difference from the UE to satellite S1 and the UE to satellite S2 may vary. If the SMTC and measurement gap configuration does not consider the propagation delay difference, the UE may miss the SSB/CSI-RS measurement window and will thus be unable to perform measurements on the configured reference signals [3] [4] [11] [14].

Q7.1) Do companies agree that some solution is needed for the issue described above about the configuration of SMTC and measurement gap?
	Company
	Yes/No
	Comments (if any)

	
	Moving beam
	Fixed beam
	

	CATT
	Yes
	Yes
	This specific issue is not significant for TN system due to the small delay difference. But for NTN system, it’s really serious and can't be ignored, so some enhancement is needed to address this issue.

	Huawei, HiSilicon
	yes
	yes
	To make UE detect the SSB of neighbour cells, some adaptations are necessary based on current SMTC and gap mechanism.

	Vodafone
	Yes 
	Yes 
	If the UE is connected to one of the three satellites described above and assuming that the satellite travels in a predictable orbit around the earth the round trip delay is approx. constant and therefore the measurement gap required would be predictable and constant. 
In the unlikely scenario where the UE connects / re-connects to more than one satellites, say S2 to S1 then the overall round trip delay would be completely different and a new measurement gap needs to be established.
In many realistic scenarios we do not see this occurring frequently as the UE would be connected to one set of satellite system for a particular service. 

	Sony
	Yes
	Yes
	

	APT
	Yes
	Yes
	

	ITRI
	Yes
	Yes
	Differences of the moving velocity and round trip delay between satellites may not be negligible. Assuming UE may not only be connected to satellites of the same orbit, enhancements is needed for the configuration SMTC and measurement gap.

	Thales
	Yes
	Yes
	The propagation delays between UE and the satellites are not always the same. Since the SMTC and measurement gap could be different from a satellite to others, a solution is needed to adapt the SMTC and measurement gap in case of satellite change.

	BT
	Yes
	Yes
	SMTC and gap mechanism need a review to ensure the SSB falls into the SMTC window.

	Nokia
	Yes
	Yes
	

	Panasonic
	Yes
	Yes
	This is an NTN-particular issue caused by different orbit altitudes, which needs to be addressed.

	MediaTek
	No
	No
	This problem arises only if the satellites are in different orbits. As this is the first release for NR-NTN, addressing issued related to such deployment is not the first priority. If needed, for this release a simple solution such as using a 5ms SSB period can resolve the issue.

	CMCC
	Yes
	Yes 
	Both SMTC and measurement gap configuration need to be enhanced

	Ericsson
	yes
	yes
	This is definitely something RAN2 needs to study further.

	Samsung
	TBD
	TBD
	We suggest that RAN2 carry out analysis of expected delay differences first and then evaluate if a solution is needed or not.

	Xiaomi
	Yes
	Yes
	

	Spreadtrum
	
	
	We should confirm whether this requirement exists.

	Lenovo
	Yes
	Yes
	There may be misalignment of configured measurement window from the serving gNB and the SSB/CSI-RS measurement window from the neighboring gNB at the UE, caused by large propagation delay difference between UE and serving/neighboring gNBs. The UE may fail in neighboring cell measurement.

	OPPO
	Yes
	Yes
	

	LG
	Yes
	Yes
	Considering hundreds of milliseconds delay in NTN, some enhancements can be discussed.

	China Telecom
	Yes
	Yes
	

	
	
	
	


To address this issue, one possible solution is to rely on network implementation, for example, by limiting the configuration that only 5ms SSB period is supported in NTN. With the 5ms SSB period, the periodicity of SMTC can be configured as 5ms as well, while the measurement gap length can be configured as 6ms. 

Q7.2): Whether the SSB period other than 5ms shall be supported in NTN?

	Company
	Yes/No
	Comments (if any)

	
	Moving beam
	Fixed beam
	

	CATT
	Yes
	Yes
	It’s too restricted for gNB to only implement 5ms SSB period considering the system SSB burst overhead.

	Huawei, HiSilicon
	Yes
	Yes
	If 5ms SSB burst periodicity is mandatory, it will increase the system overhead dramatically.

	Vodafone 
	Yes
	Yes 
	Further analysis is required to arrive at a number of SSB windows 

	Sony
	Yes
	Yes
	

	APT
	Yes
	Yes
	Agree HW

	ITRI
	Yes
	Yes
	5ms SSB burst periodicity could be an implementation option. However, limiting to 5ms burst periodicity may impact resource efficiency. 

	Thales
	Yes
	Yes
	

	BT
	Yes
	Yes
	5ms should be the minimum but not limited to it. The overhead introduced is not acceptable.  

	Nokia
	Yes
	Yes
	We are not OK with such restriction on the NW, which may not be always needed. 

	Panasonic
	Yes
	Yes
	Too restricted if only the 5ms SSB period is allowed.

	MediaTek
	Yes (same orbit)

No (different orbits)
	Yes (same orbit)

No (different orbits)
	If the satellites are in different orbits, a simple network implementation based solution, such as using a 5ms SSB period can resolve issues mentioned above.

	CMCC
	Yes 
	Yes
	Can better help monitor the SSB from serving cell and neighbouring cell.

	Ericsson
	yes
	yes
	Typically specification does not limit implementation choices even some values would not be useful/relevant. It should not be done here either.

	Samsung
	Any
	Any
	The SSB period of 5 ms may be adequate but we are ok supporting other SSB periods if the majority prefers to support other SSB periods.

	Xiaomi
	Yes
	Yes
	

	Spreadtrum
	Yes
	Yes
	

	Lenovo
	Yes
	Yes
	Restriction to 5ms SSB period will increase overhead. Other values should be considered.

	OPPO
	Yes
	Yes
	

	LG
	Yes
	Yes
	

	China Telecom
	Yes
	Yes
	This restriction is too tight with heavy overhead.

	
	
	
	


If the answer to Q7.2 is yes, some enhancement is required on the configuration of SMTC and measurement gap in NTN.
The following alternatives can be considered for SMTC configuration in NTN:
· Alt.1: Extend the measurement window to cover all the possible SSB period in NTN, in which case the configuration of SMTC is not needed.

· Alt.2: Reuse current signaling for SMTC configuration. The timing of configured SMTC refer to the timing on satellites of PCell or on NTN GW of PCell (assuming that the SMTC is the same on satellite or on NTN GW for intra-frequency NTN cells), and it is up to UE to derive the real timing on UE side (e.g. take the transmission delay into account)

Q7.3): If the answer to Q7.2 is “Yes”, what kind of SMTC configuration is preferred in NTN? Alt.1/2 or any other alternatives?

· Alt.1: Extend the measurement window to cover all the possible SSB period in NTN, in which case the configuration of SMTC is not needed.

· Alt.2: Reuse current signaling for SMTC configuration. The timing of configured SMTC refer to the timing on satellites of PCell or on NTN GW of PCell (assuming that the SMTC is the same on satellite or on NTN GW for intra-frequency NTN cells), and it is up to UE to derive the real timing on UE side (e.g. take the transmission delay into account)
· Any other alternatives?
	Company
	Preferred SMTC configuration in NTN
	Comments (if any)

	
	Moving beam
	Fixed beam
	

	CATT
	other
	other
	Currently, SMTC configuration is configured based on the timing of serving cell. Due to the propagation delay difference between serving and neighbour satellite, the actual SSB burst of neigour satellites seen at UE may exceed the configured SMTC window by serving cell. So to avoid UE missing the SSB burst of neighbour satellites, the current SMTC window should be extended.
Not only beneficial for connected mode, for idle/inactive measurement, this window extension is also needed.

Alt.3: Extend the SMTC configuration based on the max propagation delay difference between serving and neighbour satellite to avoid UE missing the SSB burst of neighbour satellites.
The benefit of Alt.3 is that SMTC configuration is still per frequency with low complexity. And applicable for all RRC state. If the SMTC configuration is per UE, only connected mode is covered, for idle/Inactive, the problem is still there. More addition, And this method is applicable for all UEs in the same cell, which is easy to implement.

	Huawei, HiSilicon
	Alt.2
	Alt.2
	If ephemeris data can be linked to cell, with the satellite location information for each neighbour cell, UE can adapt the smtc window by itself. This approach applies to case where no gap is needed.

	Vodafone 
	TBC
	TBC
	need further analysis 

	Sony
	Alt 2
	Alt 2
	

	APT 
	Alt 2
	Alt 2
	SMTC is optional for UE to find SSB. An extended SMTC window may not help.

	ITRI
	Other
	Other
	May need further analysis, e.g., if same PCI on the same sync raster is supported. 

	Thales
	other
	other
	During conditional handover, the SMTC could be extended to adapt to the worst case. 

	BT
	Other
	Other
	Requires further analysis. Without pros and cons of each solution, we shouldn’t take any decision.

	Nokia
	Both can be considered
	Both can be considered
	Both options can work and can be considered. For fixed beams at certain times (known from the ephemeris) there could be, for example, a temporary increase of SSB periodicity, so that the UE has higher chance of receiving SSB correctly during the SMTC window.

	Panasonic
	TBC
	TBC
	

	MediaTek
	None
	None
	MediaTek

	CMCC
	
	
	Alt.1 is the simplest solution. Alt.2 may have certain requirements for the UE's positioning capabilities.

	Ericsson
	Alt.2
	Alt.2
	SMTC configuration without gaps is for UEs not needing gaps to do measurements. As such they just help UE to find the SSB. Given this Alt1 is not so useful. We can discuss whether additional information is useful at the UE or whether UE would deduce itself when to measure.



	Samsung
	Alt. 1
	Alt. 1
	Alt. 1 seems simpler. We are open to other alternatives based on the analysis of delay differences between the neighbor cells.

	Xiaomi
	Other
	Other
	Alt 1 would reduce the transmission opportunities between UE and PCell and result in low efficiency. Alt 2 would result in misalignment between UE and PCell regarding potential measurement gap.

We may need to discuss further utilizing other available information.

	Spreadtrum
	
	
	Need further study.

	Lenovo
	Alt 2 or other
	Alt2 or other
	Alt 1 may not be accurate and will limit the resource a UE can use for data transmission and reception (less configurable resource at serving gNB) or cause additional overhead (more frequent RF switchover).
Alt 2 can work but if the real timing derived by UE is far from NW configured window, it may miss the next transmission window of the serving gNB.

Alternatively, UE capable of estimating delay or TA to a neighboring gNB can provide assistance information to the serving gNB.

	OPPO
	Other
	Other
	We think alt.1 does not work for measurement using gap. UE anyway needs to know when and where to measure SSB burst for the concerned frequency.
Alt 2, for UE to derive the relative timing, NW still needs to provide feeder link delay for each neighbour satellites.

We propose another alternative.
Alt. 4: NW provides SMTC configuration for each neighbour cell with different offset value, while taking different transmission delay into account. The timing of SMTC refers to the timing of PCell at UE side.

	LG
	Other
	Other
	If UE has to find the neighbour cell even outside of the configured window, the window doesn’t need to be configured for the UE. 

We generally agree that the SMTC needs to be extended but it doesn’t mean that the configuration of SMTC is not needed. The extended window should be used only when a certain neighbour cell is not detected within the basic SMTC occasion to minimize the power consumption.

	China Telecom
	TBC
	TBC
	We should analyse two solutions further.

	
	
	
	


For measurement gap configuration in NTN, the following alternatives can be considered:
· Alt.1: Extend the length of the measurement gap to ensure that the length is larger than or equal to the SSB periodicity.

· Alt.2: Reuse the current signalling for measurement gap configuration (i.e. configure measurement gap per frequency), and the timing of measurement gap configured refer to the timing on satellites or on NTN GW. With the configured measurement gap, it is up to UE/NW to derive the measurement gap on UE side based on its location and the ephemeris of candidate satellites. Since the real timing of SMTC window on UE side for cells in other satellites will change from time to time based on the movement of satellites, the NW need to derive the real timing of measurement gap on UE side based the location of UE and the ephemeris of candidate satellites. Note: In this alternative, the measurement gap is maintained per satellite.

· Alt.3: Configure multiple measurement gaps per frequency [3] [4] [14] and the timing of measurement gap configured refer to the timing of PCell on UE side.
Q7.4): If the answer to Q7.2 is “Yes”, what kind of measurement gap configuration is preferred in NTN? Alt.1/2/3 or any other alternatives?

· Alt.1: Extend the length of the measurement gap to ensure that the length is larger than or equal to the SSB periodicity.

· Alt.2: Reuse the current signaling for measurement gap configuration (i.e. configure measurement gap per frequency), and the timing of measurement gap configured refer to the timing on satellites or on NTN GW. With the configured measurement gap, it is up to UE/NW to derive the measurement gap on UE side based on its location and the ephemeris of candidate satellites. Since the real timing of SMTC window on UE side for cells in other satellites will change from time to time based on the movement of satellites, the NW need to derive the real timing of measurement gap on UE side based the location of UE and the ephemeris of candidate satellites. Note: In this alternative, the measurement gap is maintained per satellite.

· Alt.3: Configure multiple measurement gaps per frequency [3] [4] [14] and the timing of measurement gap configured refer to the timing of PCell on UE side.

· Any other alternatives?
	Company
	Preferred measurement gap configuration in NTN
	Comments (if any)

	
	Moving beam
	Fixed beam
	

	CATT
	other alternative
	other alternative
	Before we answer this question, we should know how measurement gap works in the current spec. Within the measurement gap, no data is allocated between serving cell and UE, which means the measurement gap is more like a periodic service interruption duration as the UE should do inter/intra frequency measurements during the gap.
For Alt1, the measurement gap is too big, there is no need to extent the measurement gap to be comparable to SSB periodicity, because the propagation delay difference between satellites is only several millisecond shifting based on the configured SMTC window, a small gap window extension is sufficient.
For Alt2, either the real time gap window at UE side or Gnb is up to implementation. As mentioned in the first place, measurement gap is a unified and certain service interruption duration, which is reserved by network configuration. How to guarantee a certain and consistent timing allocation between UE and Gnb by implementation? So it’s not workable at all by reusing the current signalling.
For Alt3, propagation delay difference between different incoming/neighbour satellites is quite small compared to the propagation delay difference between incoming/neighbour satellites and serving satellite, what’s the benefit to introduce per incoming/neighbour satellite gap to only cover the small propagation delay difference between different incoming/neighbour satellites considering the complexity at UE side. More addition, multiple measurement gap requirements enhancement should consider coordination with RAN4 before RAN2 discuss the detail.

So for summary, we think a simple extension for measurement gap is sufficient. 
Alt.3: Extend the length of the measurement gap based on the max propagation delay difference between serving and neighbour satellite to avoid UE missing the SSB burst of neighbour satellites.

The benefit of Alt.3 is that measurement gap is still per frequency, which is easy to implement. And applicable for all Ues in the same cell.

	Huawei, HiSilicon
	Alt.3
	Alt.3
	If measurement gap is needed, network needs to calculate the accurate smtc window and gap window, and send these configurations to UE. With time ongoing, these window configurations may need adapt to the serving satellite changes.

	Vodafone 
	TBC
	TBC
	Need further analysis 

	Sony
	Alt 2
	Alt 2
	We think the network implementation should be able to take care of gap alignment.

	APT
	Alt 3
	Alt 3
	[R2-2007955, APT] To allow NTN cells from different satellites to be discovered or measured by a UE, the corresponding SSBs should be at least partially within smtc windows configured to the UE. Limiting the number of smtc windows to 1 or 2 would require all SSB from neighbouring NTN cells to be transmitted within these 1 or 2 windows and hence it would be impossible to achieve due to large propagation delay differences caused by satellites.

	ITRI
	Other
	Other
	May need further analysis.

Long or multiple measurement gap(s) may impair UE data transmission and receiving.

	Thales
	other
	other
	During conditional handover, the SMTC could be extended to adapt to the worst case. 

	BT
	Other
	Other
	Requires further analysis. Without pros and cons of each solution, we shouldn’t take any decision.

	Nokia
	
	
	Alt1 and Alt3 increase the period when the UE cannot send/receive user data. So we do not support these.

The approach should be adaptable. The measurement gap configuration can be adjusted, depending on the instantaneous signal quality, i.e. the stronger/better is the neighbouring cell becoming, the more intensively it shall be measured and the number/periodicity of measurement gaps shall increase.  

	Panasonic
	TBC
	TBC
	

	MediaTek
	Alt. 1
	
	

	CMCC
	
	
	Alt.1 is still the simplest solution. Alt.2 may have some requirements for the UE’s positioning capabilities. Alt3 multiple configurations per frequency may affect scheduling.

	Ericsson
	Alt.2
	Alt.2
	For measurement gap design, the time not listening PDCCH needs to be considered. That is, gap window cannot be too long and network needs to be aware when UE is not monitoring PDCCH. There may also be need for the UE to inform network if current gap configuration is not enough.

	Samsung
	Alt. 1
	Alt. 1
	Alt. 1 seems simpler. We are open to other alternatives based on the analysis of delay differences between the neighbor cells.

	Xiaomi
	Other
	Other
	Alt 1 would reduce the transmission opportunities between UE and Pcell and result in low efficiency. Alt 2 would result in misalignment between UE and Pcell regarding potential measurement gap. Alt 3 requires Pcell to beware of neighbour cells’ transmission delay difference, which is not available.

We may need to discuss further utilizing other available information.

	Spreadtrum
	
	
	We should confirm whether the requirement exists.

	Lenovo
	Alt 2 or other
	Alt2 or other
	Alt 1 and Alt 3 may not be accurate and will limit the resource a UE can use for data transmission and reception (less configurable resource at serving Gnb) or cause additional overhead (more frequent RF switchover).
Alt 2 can work but if the real timing derived by UE is far from NW configured window, it may miss the next transmission window of the serving Gnb.

Alternatively, UE capable of estimating delay or TA to a neighboring Gnb can provide assistance information to the serving Gnb for an appropriate configuration.

	OPPO
	Alt.3
	Alt.3
	With larger gap length, Alt 1 will reduce the data transmission opportunities and is not acceptable.
Alt 2 is not flexible, since different satellite may not have the same SSB burst period.

Alt 3 can be most flexible and multiple gaps can be configured to cover different satellite, while no need to be one-to-one mapping.
Note that in Alt.3, measurement gap does not need to be configured per frequency, i.e. we can stick to the principle of “per-UE gap”. 

	LG
	Other
	Other
	We agree to have the extended or additional measurement gap for NTN cell. However, the extended part should be used only when the UE cannot properly measure the NTN cell so that the UE has to measure at that time (based on the ephemeris information), because the extended measurement gap means the extended service interruption duration.

We are not sure whether the serving cell is able to precisely calculate the propagation delay from neighbour cells. If not, the UE should be able to determine whether all neighbour cells are properly measured within the basic measurement gap.

	China Telecom
	TBC
	TBC
	We should analyse two solutions further.

	
	
	
	


3 Conclusion: 

3.1 List of agreeable proposals

To be added
3.2 List of proposals to be discussed online

To be added
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