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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
	

	
	
	

	
	
	


#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
	

	
	
	

	
	
	


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.

	
	
	

	
	
	


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
	

	
	
	
	
	

	
	
	
	
	


#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. 

	
	
	

	
	
	


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

	
	
	

	
	
	


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

	
	
	

	
	
	

	
	
	


#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
RSRP
RSRQ
SINR
FR1
FR2
FR1
FR2
FR1
FR2
Intra Frequency

Inter Frequency

Intra Frequency

Inter Frequency

Intra Frequency

Inter Frequency

Intra Frequency

Inter Frequency

Intra Frequency

Inter Frequency

Intra Frequency

Inter Frequency

Above (4.5 dB
Above (4.5 dB
Above (6 dB
Above (6 dB
Above (2.5 dB
Above (2.5 dB
Above (2.5 dB
Above (2.5 dB
Above (3 dB
Above (3 dB
Above (3 dB
Above (3 dB
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
	

	
	
	

	
	
	


#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
	

	
	
	

	
	
	


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.    

	
	
	

	
	
	


#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
	

	
	
	
	

	
	
	
	


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.

	
	
	
	

	
	
	
	


#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
	

	
	
	
	

	
	
	
	


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

	
	
	
	

	
	
	
	


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 neighbour 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.

	
	
	
	

	
	
	
	


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.

	
	
	
	

	
	
	
	


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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