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1 Introduction

The email discussion is to agree on a TP that captures the issues and solutions related to NTN-TN service continuity:

[106#72][NR/NTN] – TP on NTN-TN service continuity (Nokia)

Intended outcome: Agreeable TP capturing the issues and solutions  

Deadline: Thursday 2019-08-08
This document lists various NTN-TN service continuity aspects relevant to be considered in identifying the issues and solutions. This includes issues related to cell selection and reselection between NTN and TN, which are complementary to the issues captured in the email discussion [106#74][NTN] “Cell Selection & reselection issues”.
Phase 1:  Companies are invited to provide their replies to the questions in the attached document, along with any other issues relevant to NTN-TN service continuity not listed in the document and possible solutions.       Deadline: 5th Aug 2019
Phase 2: Companies to comment on the summary, proposals and the proposed TP.     Deadline: 13th Aug 2019
2 Discussion

According to the contributions and agreements in RAN2#105 and RAN2#106 [1]-[5], following NTN-TN service continuity issues were proposed for study by the companies. 

1. TN-NTN scenario assumptions [1][2][3]

· The NTN coverage and TN coverage are generally not 'aligned' geographically. The most likely scenario is when the NTN provides an 'umbrella' coverage and the TN coverage has geographical borders (country border, remote areas within the country, sea shore, etc.).

· Hand-in (where the UE is handed in from the Non-Terrestrial Network to the Terrestrial network) and hand-out (where the UE is handed out of the Terrestrial Network to the Non-Terrestrial Network) mobility scenarios have been identified.
· Service continuity between indoor TN coverage and outdoor NTN coverage has not been addressed in any of the previous discussions.

· It could be desirable to identify a set of baseline service continuity and mobility solutions which need to be studied first, and then later identify additional enhancement solutions (e.g. battery power optimisation, etc.)

Question 1: Companies are invited to provide comments on the NTN-TN scenario assumptions regarding coverage areas and coverage borders where NTN-TN service continuity and mobility solutions would need to be used; including potential considerations (if any) for frequency bands in reference scenarios.
	Company
	Views
	Comments

	Nokia
	We prefer to have one service continuity scenario for a certain geographical area as baseline or reference.
	For e.g.:

Scenario 1:

· A multi-cell TN network-border coverage is available according to an outdoor rural NR scenario (e.g. Table 6.1.3-1 in TR38.913)

· One NTN LEO satellite provides multi-cell coverage with moving cells on Earth (the satellite NR cells are modelled according to NTN assumptions, Table 6.1.1-1 & 4 in TR38.821 v0.7.0)

· Outdoor handheld (pedestrian) UEs or VSAT (vehicular relay) UEs are capable of TN and NTN connectivity (for NTN UE use Table 6.1.1-3 in TR38.821 v0.7.0)

	MediaTek
	NTN-TN Service continuity between NTN and TN should be de-prioritized 
	Coverage mechanisms, including inter-frequency or inter-RAT (TN<=>NTN) measurements, reporting and triggering needs to be discussed first. 

We also think that the basic NTN system (including intra-NTN mobility) needs to be standardized first, before discussing service continuity between TN and NTN.

	CATT
	We agree with Nokia for this issue.
	

	Vodafone
	See Following Text in Red
	

	Spreadtrum
	Share Nokia’s view
	

	Sony
	We are fine to cover one simple scenario covering the service continuity in IDLE/INACTIVE and CONNECTED mode between NTN cell and TN cell.
	If NTN and TN frequencies are clearly separated then there is no issue and configuration of a frequency will imply measuring the corresponding network. But in case the same band is reused anywhere in NTN coverage (could cover potentially large part of the earth) for TN then simply configuring a frequency in SIB or measobject may not work.

	Thales
	Service continuity TN – NTN and NTN-NTN should be analysed for the prioritized scenarios considering mobile and fix cells.
Consider scenarios with change or not of CN
	· Service continuity should be analysed for:

TN – NTN: 

NTN – NTN (e.g. multi NTN GEO – LEO)
· Consider:

NTN LEO: satellite with multi-cell coverage with mobile and fix cells over the Earth
Coverage mechanisms, including inter-frequency or inter-RAT measurements (mobility management)

	Huawei
	We also agree to have one simple scenario for the analysis on TN-NTN service continuity.
	The outdoor scenario proposed by Nokia is fine to us.

	Nomor Research
	Fine to cover one simple scenario covering the service continuity in IDLE/INACTIVE and CONNECTED mode between NTN cell and TN cell.
	The outdoor scenario proposed by Nokia is fine to us.

	ZTE
	Agree to have one service continuity scenario as a baseline.
	In addition to the outdoor scenario proposed by Nokia, we also think one NTN GEO satellite provides multi-cell coverage with fixed cells on Earth (the satellite NR cells are modelled according to NTN assumptions as in Table 6.1.1-1 & 4 in TR38.821 v0.7.0) should be considered. We cannot see any specific reason to exclude the service continuity between TN and NTN GEO.

	OPPO
	We agree with Nokia’s view.
	

	Ericsson
	Fine to analyze one scenario. 
	The focus should be on identifying a RAN2 specification change needed, if any. 

Further, it should be noted that if there is a scenario that can be supported without any specification changes RAN2 should not use time on analyzing a specific scenario, e.g. freq reuse between TN and NTN, which may prove more challenging.

	ETRI
	We share the view to have one service continuity scenarios for TN and NTN service continuity.
	


Two scenarios could exist in reality:

Scenario 1:  where the Terrestrial and the Non Terrestrial networks’ frequencies are the same F1=F2

Scenario 2: where the Terrestrial and the Non-terrestrial Frequencies are not the same F1≠ F2

See the following Figure 1
[image: image1.jpg]Non-Terrestrial Network % Land Based
Coverage 7 Terrestrial Network Coverage

NTN Cell1
Non-Terrestrial Network ) Hand-
transmits Neighbouring F1 " ~
Frequency Information NTN Cell2 l-_ -

4

NTN Cell3 -

F2 Non-Terrestrial
Frequency

Terrestrial Network
transmits F2 Neighbouring
Frequency Information

F1 Terrestrial
. Frequency




Figure 1 Terrestrial and Non-terrestrial Cells' Frequencies and Neighbouring Cell Information

In a hand-out and hand-in situations and in order to maintain service continuity, both Terrestrial and the Non-Terrestrial networks must co-operate to facilitate a smooth handover. From this assumption, it follows that for both networks, and for both scenarios, the neighbouring cell and frequency information is broadcasted in the cell information (SIB1) such the UE is aware of the target cell frequency information.

Rapporteur summary

The majority of the companies agree that NTN-TN service continuity and mobility aspects need to be investigated. The focus should be on identifying a RAN2 specification change needed, if any. One company proposes to de-prioritize this topic. For the NTN-TN service continuity and mobility studies, most companies agree to use a simple outdoor scenario defined as follows:

· A multi-cell TN network-border coverage is available according to an outdoor rural NR scenario (e.g. Table 6.1.3-1 in TR38.913)

· One NTN LEO satellite provides multi-cell coverage with moving cells on Earth (the satellite NR cells are modelled according to NTN assumptions, Table 6.1.1-1 & 4 in TR38.821 v0.7.0)



· Outdoor handheld (pedestrian) UEs or VSAT (vehicular relay) UEs are capable of TN and NTN connectivity (for NTN UE use Table 6.1.1-3 in TR38.821 v0.7.0)

The additional NTN – NTN (e.g. multi NTN GEO – LEO) service continuity can be relevant, however, it needs to be potentially addressed under the general NTN mobility studies, rather than under the TN-NTN service continuity topic.

Proposal 1: RAN2 to use the outdoor service continuity scenario defined above as reference scenario for the NTN-TN service continuity and mobility studies and evaluations.
Question 2: Should service continuity and mobility between (outdoor) NTN coverage and indoor TN coverage be addressed?
	Company
	Views
	Comments

	Nokia
	Yes
	For e.g.

Scenario 2:

· An indoor TN network coverage is available according to an indoor NR scenario (e.g. Table 6.1.1-1 in TR38.913)

· Alt 2a: One NTN LEO satellite provides multi-cell coverage with moving cells on Earth (the satellite NR cells are modelled according to NTN system level simulation assumptions as in Table 6.1.1-1 & 4 in TR38.821 v0.7.0)

· Alt 2b: One NTN GEO satellite provides multi-cell coverage with fixed cells on Earth (the satellite NR cells are modelled according to NTN assumptions as in Table 6.1.1-1 & 4 in TR38.821 v0.7.0)

· Indoor handheld (pedestrian) UEs are connected to indoor TN; the indoor handheld UEs move to outdoor and stay connected to indoor TN or reselect/reconnect to NTN (for NTN UEs as in Table 6.1.1-3 in TR38.821 v0.7.0) 

This could be a second baseline scenario, for a certain geographical area.

	MediaTek
	NTN-TN Service continuity between NTN and TN should be de-prioritized 
	Coverage mechanisms, including inter-frequency or inter-RAT (TN<=>NTN) measurements, reporting and triggering needs to be discussed first. 

We also think that the basic NTN system (including intra-NTN mobility) needs to be standardized first, before discussing service continuity between TN and NTN.

	CATT
	No
	We don’t think we should pay special attention to the scenario mentioned by Question 2, the solution for Question 3 can also cover Question 2.

	Vodafone
	No See notes below in Red
	Not practical in real life, extremely difficult to implement

	Spreadtrum
	No
	Agree with Vodafone

	Sony
	No
	Agree with Vodafone and a solution might be needed once FR2 is deployed widely and happens to be the only deployment of NR in TN.

	Thales
	Yes
	Agree with Nokia. NTN is assumed always outdoor.  This scenario can be useful in remote areas where indoor building are covered by TN while once outside the building there is no other choice that the satellite.

	Huawei
	No
	Agree with Vodafone

	Nomor Research 
	No 
	

	ZTE
	No strong view
	The use case mentioned by Thales that indoor building are covered by TN while once outside the building there is only NTN coverage in some remote areas can be considered. For example, a gNB only serves the whole building and there is no TN coverage outside this building.
However, usually there is TN coverage both indoor and outdoor for a specific area. Thus, UE can first move from a indoor TN cell to a outdoor TN cell. Then the service continuity and mobility mechanism between outdoor NTN coverage and TN coverage can be applied which will be discussed under the scenario 1 in Question 1.

	OPPO
	No
	Agree with Vodafone.

	Ericsson
	Fine to analyze one scenario. 
	The focus should be on identifying a RAN2 specification change needed, if any. 

Further, it should be noted that if there is a scenario that can be supported without any specification changes RAN2 should not use time on analyzing a specific scenario which may prove more challenging.

	ETRI
	No
	We think that indoor TN case can be included in Question 1.


This is a difficult scenario to implement, as the received reference signals from the NTN network would be very weak inside the building and thus the extremely difficult to obtain a lock and to hand-out.

Similar for hand-in scenario, operator would not assign an indoor cell to hand into: indoor cells transmit powers are much weaker than the Macro BTS and the reference signal, from an indoor cell, would be weak and cell handover would be problematic. Therefore, the practical approach would be to hand-in to a Macro Cell and not to an indoor cell, tucked away in a building. 

We do not see a practical case for this.    

Rapporteur summary

The majority of the companies do not see the need to investigate separately the indoor-outdoor scenario in the scope of the NTN-TN service continuity and mobility studies.

2. Coverage area detectability and measurements activation/deactivation [3][4][5]

· The edge of the TN coverage is detectable by the UE, for both hand-in and hand-out purposes [3]. 

· UE location information (combined with satellite ephemeris and satellite footprint information) was proposed to be used for activation of the TN (hand-in scenarios) measurements [4]

· The de-activation of the TN measurements was proposed for power saving purposes [5]

· The de-activation of the TN measurements is relatively easy to achieve based on the detection of the edge of the TN coverage. However, (re)activation of the of the TN measurements is not possible based only on UE measurements (excluding location information) and must rely on signalling from the serving NTN network

Question 3: Can we assume that baseline NTN-TN service continuity and mobility mechanism solutions rely only on the detection of TN coverage edge (e.g. RSRP threshold)?
	Company
	Views
	Comments

	Nokia
	Yes
	RSRP thresholds of serving TN and neighbouring TN cells can be used to detect TN coverage edge areas

	MediaTek
	Yes
	As the UE should always prefer TN coverage over NTN; 

(1) For TN=>NTN mobility, NTN should be selected once the UE moves out of TN coverage.

(2) For NTN=>TN mobility, Rel15 baseline (inter-frequency, inter-RAT) can be used to favour the UE’s movement to TN cell.

	CATT
	Yes
	For TN to NTN mobility, UE capble of NTN service can try to select a NTN cell when out of TN coverage;

For NTN to TN mobility, if the connected mode UE was configured with the TN frequency MO, UE can search the TN cell accordingly

. If the quality (e.g. RSRP) of a TN cell fulfils condition, UE will switch to the TN cell. For UE in idle/inactive mode, it’s not so urgent for the UE to switch to the TN cell as no service is ongoing. So for mobility from NTN to TN, R15 mechanism can work as a baseline.

	Vodafone
	See following comment sin Red
	A hysteresis approach should be used a hard RSRP / RSRQ levels are not workable in practice

	Spreadtrum
	Yes
	Agree with Nokia. Besides, RSRP changing along with the distance to the centre of a NTN cell is different from RSRP changing in a TN cell.

	Sony
	No
	For TN to NTN, RSRP of NTN may be low compared to TN. In the other direction i.e. NTN to TN, RSRP may be used if UE is aware when to search for TN which may be higher than NTN cell reselection threshold. But, measured RSRP of NTN cell may still be acceptable for not performing cell reselection in NTN because UE may not be at the edge of NTN cell coverage. So, UE should be aware about when to measure a particular network.

	Thales
	Yes with adaptations
	Agree with Nokia. In order to compare RSRP measurements there are RSRP NTN adaptations proposed in mobility issues. UE must also know its position, at least to be able to calculate the distance to cell center.

	Huawei
	No
	It is unnecessary to rely only on the detection of TN coverage edge by UE, some other solutions based on indication from network can also be considered, e.g. gNB of TN can simply broadcast that current cell is in the TN boarder, this kind of boarder information may come from OAM.

	Nomor Research 
	Yes
	

	ZTE
	Yes
	Agree with Nokia.

	OPPO
	Yes
	Agree with Nokia. But it should be noted that the RSRP for NTN would be much lower than RSRP for TN.

	Ericsson
	Yes
	The cell selection/reselection could be based on PLMN or based on UE location, or distance to cell center.

	ETRI
	Yes
	Agree with Nokia.


Assuming approximately 10% overlap between two coverages, in practical implementations, the operator would:

1-  For a UE moving out of the Terrestrial coverage into a NTN coverage maintain the UE in the Terrestrial as long as possible 

2- For a UE moving into Terrestrial Coverage from NTN coverage would hand-in as quickly as possible

A hysteresis approach must be used such the hand-out and hand-in occur at different RSRP (RSRQ) levels

Therefore, a hard RSRP/RSPQ levels are not workable in practice

See following Figure 2
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Figure 2 Hysteresis Hand-in and Hand-out RSRP Levels

Rapporteur summary

Most of the companies agree to use as baseline assumption that NTN-TN service continuity and mobility mechanism solutions rely only on the detection of TN coverage edge. Two companies propose more enhanced solutions based on network information signalling either from the NTN or TN (TN border, PLMN indication).

The TN coverage edge can be detected based on RSRP (baseline), and/or PLMN, and/or UE location, and/or distance to cell centre (reference point).
Proposal 2: RAN2 to assume that baseline NTN-TN service continuity and mobility mechanism solutions rely only on the detection of TN coverage edge using RSRP/RSRQ threshold and/or PLMN indication.

Proposal 3: RAN2 to consider enhanced NTN-TN service continuity and mobility mechanism solutions relying on the use of any combination of RSRP/RSRQ threshold, PLMN indication, UE location, distance to cell center.
Question 4: For the UE in NTN coverage, which of the following options could be considered:

a) The TN measurements be completely de-activated when the UE is being served by an NTN cell.

b)  It is enough to have a configuration (provided by the serving RAN) with long periodicity (less frequent measurements) where the UE attempts to detect possible TN coverage even when being served by NTN cell.

	Company
	Views
	Comments

	Nokia 
	We prefer option b, and not in favour of option a.
	We think, in typical scenarios, UE might need to periodically check for existence of TN coverage.

The periodicity of the detection attempts can be configured and can be UE specific (if required).

	MediaTek
	Option b)
	Rel.15 mobility baseline can be reused to ensure the UE moves out of NTN cell to a TN cell.

	CATT
	Option a
	The reason is the same with the answer for Question 3. If TN measurements are not configured, UE shouldn’t do any TN measurements.

	Vodafone
	Option b is more practical 
	See notes below in Red

	Spreadtrum
	Option b with comments
	Option a is used for a UE in a NTN which is not bordered with TN cells and can be achieved by neighbour cell configuration. Otherwise, option b is used.

	Sony
	Option a with comments.

We think above two options do not cover the whole discussion. There could be deployments where TN and NTN may have separate PLMNs or share the same PLMN. Further there could be an agreement to have both TN and NTN PLMNs as ePLMN or such an agreement won’t exist. 
	If TN and NTN will use different PLMN IDs.

If NTN and TN PLMNs are treated as ePLMN then TN PLMN could be indicated by the NTN cell, overlapping the TN coverage, as ePLMN. When to activate such measurements in Connected mode could be based on UE location. In IDLE mode, UE may be allowed to use its location or could simply be informed that ePLMN exists in the vicinity.

In case ePLMN mechanism is not used then UE may be searching for its HPLMN more aggressively when camped on an NTN cell if HPLMN happens to be the TN. Such battery drain must be avoided. For example, if a ship stays in the sea for one month and never touches the shore then such UEs may keep searching the TN unnecessarily. 
So, it is not clear to us how would the option b work with the PLMN search explained above?
Option a is aligned to legacy behaviour whereby UE perform measurements based on RAN configuration and if a frequency/RAT is not configured then UE does not perform any measurements on that particular RAT/frequency.

	Thales
	Option b)


	Longer periodicity and weighted measurement to re-use Rel15 mechanism (consider also other solutions proposed in Mobility issues analysis)

	Huawei
	Option a
	If the NTN and TN can share deployment information between each other, the activation of TN cells can be done by measure object configuration for connected UE and by cell reselection SIB for idle UE. If there is no deployment information exchanged, NTN cell may simply broadcast the boarder indication for UE to activate measurement for TN cell, it can work for some scenarios such as sea shore and desert boarder, and otherwise if no boarder information is derived by UE it will not perform measurement for TN cell.

	Nomor Research 
	Option b) 
	

	ZTE
	Option b 
Add Option c): UE perform autonomous search for TN cells and send proximity indication to indicate that the UE is entering or leaving the proximity of one or more TN cells.
	In NR R15, UE will perform measurements on neighbor cells according to the configuration provided from network via system information (for idle mode UE) or dedicated RRC signaling (for connected mode UE).

For UE in NTN coverage, the NR mechanism is still workable. As the NTN RAN will still be served by 5G-CN, it is possible that NTN RAN and TN RAN coordinate with each other so that a NTN cell can provide the measurement configuration of neighboring TN cells to UE. UE will then perform measurements on TN cells based on such configuration. Whether to configure a longer periodicity can be left to NW implementation.

Another option (can be added as option c) is to let UE perform autonomous search for TN cells and send proximity indication to indicate that the UE is entering or leaving the proximity of one or more TN cells. The autonomous search and proximity indication mechanism has been specified in LTE to search for CSG cells.

	OPPO
	Option b)
	In our opinion, UE should always prefer TN than NTN, so UE should perform TN measurement with longer periodicity even though the UE is served by NTN.

	Ericsson
	A or b
	Measurement requirements can be relaxed in certain situations like the one in this question. 

	ETRI
	Option b
	Rel.15 mobility can be reused as a baseline. Long measurement periodicity can be introduced.


Periodic measurements of the Terrestrial Network is preferred, however the periodicity should be

The cell size of the NTN cell should be a consideration in deciding how often the UE looks or checks for the Terrestrial Network: 

1- For a large GEO Cell covering 100s of Kilometre, for example in the middle of ocean, the UE need not check every 6 minutes for the TN as it is the current settings 
2-  For smaller LEO Cells covering 30-40 Km, shorter periodicity would be preferred due to:
a. Fast motion of the LEO cell and possible loss of coverage by the LEO satellite 
b. Motion of the UE moving from NTN cell into a TN cell
Therefore, the type of Cell, GEO or LEO, should have a bearing on the periodicity of the UE checking for Terrestrial Network and it should be set by the network based on the GEO or LEO cell information 
Rapporteur summary

Most of the companies agree that it is enough to have a UE configuration (provided by the serving RAN) with long periodicity (less frequent measurements) where the UE attempts to detect possible TN coverage even when being served by NTN cell. Two companies prefer solutions where the TN measurements are completely de-activated when the UE is being served by an NTN cell, and rely on additional signalling from the network. One company proposes a third option where the UE can perform autonomous search for TN cells and send proximity indication to indicate that the UE is entering or leaving the proximity of one or more TN cells. One company proposes to use in addition to the UE measurements the PLMN information for the TN and NTN.

Proposal 4: RAN2 to assume that baseline NTN-TN service continuity and mobility mechanism solutions rely on the UE configuration (provided by the serving RAN) with long periodicity (less frequent measurements) where the UE attempts to detect possible TN coverage even when being served by NTN cell.
 


Other options including the UE autonomous detection and notification of TN are subjected to FFS.
3. DRX configuration – baseline and enhancements 

· For mobile devices, DRX cycles should be optimised to allow timely detection of the TN coverage edge (hand-in or hand-out scenarios) where minimizing power consumption is only a secondary target. However, further DRX optimisation can be performed for battery saving purposes, especially for stationary and/or IoT devices
Question 5: Can we assume that the baseline TN-NTN service continuity and mobility mechanism solutions are tailored for mobile devices where minimizing power consumption is only a secondary priority?

	Company
	Views
	Comments

	Nokia
	Yes
	A baseline service continuity/mobility mechanism needs to be in place before enhancement and further optimisations could be studied.

	MediaTek
	Yes
	Baseline intra-NTN mobility should be standardized first before addressing TN-NTN service continuity and DRX optimizations.

	CATT
	Yes
	DRX cycle optimization should be de-prioritized.

	Vodafone
	Yes
	 See comments below in Red

	Spreadtrum
	Yes
	

	, Sony
	Yes but
	We are fine to study UE power saving later. But battery drain due to HPLMN search while on VPLMN should be addressed in the current release.

	Thales
	Yes
	Agree with Nokia

	Huawei
	Yes but
	We are fine to have a baseline mechanism, but similar to comments on question 4, the activation of measurement for TN cell can rely on network indication, in this case DRX will not a big issue to consider and minimizing power consumption can be done naturally. Because UE only performs measurement for TN when it get the boarder indication from NTN.

	Nomor Research 
	Yes 
	

	ZTE
	Yes
	Agree with Nokia.

	OPPO
	Yes
	Agree with Nokia.

	Ericsson
	
	If DRX enhancement solution is presented we see no reason why it should not be captured as one solution option in the TR. Note that we are discussing what is captured in TR, not what is specified in the possible WI phase.

	ETRI
	Yes
	DRX enhancement for mobility should be deprioritized. DRX enhancement for battery saving purpose can be discussed.


A baseline service continuity can be assumed however, term baseline needs to be clarified further. 

For NR Devices, we expect smooth transition to/from Terrestrial to Non-Terrestrial services, without loss of service.

On a more basic a level:

· cell selection and re-selection, 
· neighbouring cell information 
· Hand-in and Hand-out RSRP levels 
· DRX Cycle dependent on the Type of GEO or LEO cells 
· information contained in the SIBs 
Should be carefully arranged such that the UE during a hand-in or a hand-out situation does not loose connection with source or the target cell
Rapporteur summary

All companies agree that mechanisms targeted to minimizing UE power consumption is only a secondary priority in the NTN-TN service continuity and mobility studies. In case there are proposals for DRX enhancement solution these could be captured as one solution option in the TR.

Proposal 5: RAN2 to deprioritize the study of the power consumption optimisation mechanism in the baseline NTN-TN service continuity and mobility mechanism solutions.

4. Dual-connectivity based solutions [6]

· It is unclear whether we need to support Dual connectivity between an NTN and a TN cell as part of initial solution for NTN for Rel-17.

· [6] Highlighted potential benefits of dual connectivity configuration between a) terrestrial based NG-RAN and NTN based NG-RAN, b) two NTN based NG-RAN (GEO configured as MN and LEO configured as SN or vice-versa).

Question 6: Should the dual-connectivity be considered as baseline Rel-17 or an enhancement solution for a later release?

	Company
	Views
	Comments

	Nokia


	Yes
	We are o.k. to consider Rel-17 dual-connectivity between TN NG-RAN and NTN NG-RAN (option a in [6]).

We would like to keep the solutions for dual-connectivity between LEO and GEO NTN as enhancements for a later release (option b in [6]).



	MediaTek
	No
	We think that the introduction of DC at this stage will increase complexity. For Rel. 17, we believe a working stand-alone NTN system needs to be defined and standardized first.

	CATT
	
	No strong view.

	Vodafone
	No 
	The solution depicted in [6] is overly complicated and the complexity of   having a stationary GEO and a moving LEO satellite or worse two moving LEO satellites serving a UE outweighs the benefits. 

From operator’s perspective, the solution illustrated in [6] unnecessary as Satellite services are required to provide coverage and not capacity   

Furthermore ground based infrastructure required to connect to two different satellite service provides will be complicated / impractical and will add to the overall latency of services.

See also Notes below in Red 

	Spreadtrum
	No
	We do not think it is good to think about DC at current stage.

	Sony
	No
	It seems that RAN3 has done some work for DC. An overlapping coverage of TN and NTN will be required to operate DC. We think it is better to stick with addressing the coverage extension use case in Rel-17 or the first release.

	Thales
	Yes
	Ok to consider Rel.17 multi connectivity involving at least one NTN and one cellular based NG-RAN, with the condition of using two distinct MCG and SCG bearers assigned respectively to each NG-RAN node. Splitting of the traffic between the two radio access (master and slave) can be made using the SDAP QoS flow classification

	Huawei
	No
	As TN is the first choice, if TN is available there is no need to connect with satellite at the same time.

	Nomor Research 
	No
	

	ZTE
	No
	As mentioned in the latest SID (RP-182880) , dual connectivity is captured as RAN3 aspects. Whether to support dual connectivity between an NTN and a TN cell as part of initial solution for NTN for Rel-17 is beyond RAN2’s scope.

	OPPO
	No
	We think DC is not considered in Rel-17 for simplification. We can study DC in later release.

	Ericsson
	No
	We should prioritize fixing basic connectivity. DC is not included in RAN2 work in current SID.

	ETRI
	No
	DC should be de-prioritized in this release.


Two scenarios are illustrated in Reference 6 (R2-1907897):

Scenario 1 UE is connected to GEO or LEO satellite and also connected to a Ground based Basestation (gNodeb): we do not see any practical application of this scenario as If the UE is close to the gNodeB and in the coverage area of the Terrestrial Network then the Terrestrial Network will provide the highest throughput and lowest latency. The dominant link would be to the Terrestrial network. 

The purpose of having Satellite service is to extend the coverage of the network to where the Terrestrial Network is unable to reach. The architecture shown in figure 1 is not serving any useful purpose in terms of coverage extension nor capacity enhancement. Moreover, it is complicated to deploy. 

For charging purposes, operators need to know to which part of the network the UE is connected to and through which service part the data is flowing to/from the UE. With this mixed ground and satellite-based architecture, charging would be very complicated to manage. The service to the user must be clearly distinguished.

Scenario 2: UE is connected to two Satellites GEO+LEO or LEO+LEO

For coverage purposes, dual connectivity is not required as the architecture shown is:

· A very complicated architecture

· Simultaneous satellite coverage footprint would mean numerous satellites orbiting the earth. Furthermore, to have simultaneous ground based coverage, LEO satellites would have to travel much closer to each other to provide 20-30 minutes of ‘dual’ connections, which would mean much greater number of LEO travelling around the earth. 

· If one Satellite Service Provider is not able to provide adequate ‘dual’ connections through their own satellite constellations, then a second service provide would have to be brought it to provide supplementary coverage. This would mean interoperability of two satellites systems and two ground infrastructures

· Ground based infrastructure required to connect to two different satellite service provides will be complicated / impractical/ very expensive and will add to the overall latency of services
Rapporteur summary

Most of the companies agree not to consider dual-connectivity solution, between TN and NTN or between NTN and NTN, as part of the baseline NTN-TN service continuity and mobility solutions. Two companies are in favour of considering dual-connectivity between TN and NTN solutions to in the scope of the NTN-TN service continuity and mobility. It has to be noted that in this context the dual-connectivity mechanisms would be used only to provide service continuity and ease the mobility between NTN and TN (hand-in and hand-out), rather than to enhance the eMBB/MTC throughputs experienced by the UEs.

Proposal 6: RAN2 to deprioritize the study of the dual-connectivity mechanism in the baseline NTN-TN service continuity and mobility mechanism solutions.

5. General

Question 7: Companies are invited to list any other potential issues that are not captured above related to NTN-TN service continuity and mobility issues and solutions
	Company
	Comments

	Vodafone
	See notes below in Red

	ZTE
	In NR, the measurement report for a certain cell is linked to its PCI. Due to limited size of PCI, it is possible that two different cells with different measurement results are reported with the same PCI making it difficult to distinguish between them. The situation is called as PCI confusion. 
The same PCI may be used in both TN and NTN, causing PCI confusion in NTN-TN service continuity and mobility. To resolve it, the report CGI can be configured to inquire the CGI to identify each cell. But considering the long propagation delay in GEO and Non-GEO systems, it takes about 12.88ms to 541.14ms to solve the PCI confusion, which will definitely impact the handover decision in the network side.

To avoid PCI confusion in NTN-TN service continuity and mobility, we suggest to always configure the report CGI in measurement configuration and let UE report the CGI together with other measurement results so that there will not be any PCI confusion in the network side .


Inconsistent satellite cell coverage on the ground can lead to service outage:  

The varying signal strength from the LEO satellites cell can cause inconsistent ground coverage and non-overlapping LEO cells at border areas and within the LEO coverage areas

In this illustrated scenario the UE, in either NTN or Terrestrial Coverage will lose its neighbouring cell information and will not be able to select cells and perform handover successfully, leading to loss of service continuity. See following Figure 3
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Figure 3 NTN Neighbouring Cells in an Inconsistent Coverage area
Rapporteur summary

One company is concerned about the possible non-contiguous (inconsistent) coverage areas (footprints) of LEO satellites constellations and the implication of this on the service continuity of UE camping on NTN. 

A second is concerned about the PCI confusion problem when the same PCIs are detected simultaneously by UEs on TN and NTN. The proposed solution is to have always configured the report CGI in measurement configuration and let UE report the CGI together with other measurement results. 

Both these issues are seen as deployment aspects which are likely to be possible to solve with appropriate satellite constellation planning and/or network configuration planning.

· It is recognized that non-contiguous (inconsistent) coverage areas could happen in practice. However, the non-contiguous coverage is also a possibility in terrestrial networks and the problem is mitigated by an appropriate satellite constellation deployment.

· The PCI confusion within NTN has been also discussed in the context of RAN3 and it has been concluded that within NTN the availability of 1000 PCIs is more than enough, considering that not all PCIs are available simultaneously in a given geographical area on Earth (e.g. PCI re-use can be applied across satellites providing coverage on different regions on Earth). PCI confusion between TN and NTN can be further mitigated by appropriate network planning. As a last resort, the CGI measurements can still be used but only for limited time periods and only in the geographical areas where the PCI confusion cannot be avoided.

3 Conclusions

Following observations and proposals are made to capture the outcome of the email discussion:

Observation 1: Majority of the companies agree that NTN-TN service continuity and mobility aspects need to be investigated. And most companies agree to use a simple outdoor scenario defined as follows:

· A multi-cell TN network-border coverage is available according to an outdoor rural NR scenario (e.g. Table 6.1.3-1 in TR38.913)

· One NTN LEO satellite provides multi-cell coverage with moving cells on Earth (the satellite NR cells are modelled according to NTN assumptions, Table 6.1.1-1 & 4 in TR38.821 v0.7.0)

· Outdoor handheld (pedestrian) UEs or VSAT (vehicular relay) UEs are capable of TN and NTN connectivity (for NTN UE use Table 6.1.1-3 in TR38.821 v0.7.0)

Proposal 1: RAN2 to use the outdoor service continuity scenario defined above as reference scenario for the NTN-TN service continuity and mobility studies and evaluations.

Observation 2: Majority of the companies do not see the need to investigate separately the indoor-outdoor scenario in the scope of the NTN-TN service continuity and mobility studies.

Observation 3: Most of the companies agree to use as baseline assumption that NTN-TN service continuity and mobility mechanism solutions rely only on the detection of TN coverage edge. However, two companies propose more enhanced solutions based on network information signalling either from the NTN or TN (TN border, PLMN indication).

Proposal 2: RAN2 to assume that baseline NTN-TN service continuity and mobility mechanism solutions rely only on the detection of TN coverage edge using RSRP/RSRQ threshold and/or PLMN indication.

Proposal 3: RAN2 to consider enhanced NTN-TN service continuity and mobility mechanism solutions relying on the use of any combination of RSRP/RSRQ threshold, PLMN indication, UE location, distance to cell centre.

Observation 4: Most of the companies agree that it is enough to have a UE configuration (provided by the serving RAN) with long periodicity (less frequent measurements) where the UE attempts to detect possible TN coverage even when being served by NTN cell. 

Proposal 4: RAN2 to assume that baseline NTN-TN service continuity and mobility mechanism solutions rely on the UE configuration (provided by the serving RAN) with long periodicity (less frequent measurements) where the UE attempts to detect possible TN coverage even when being served by NTN cell.

Observation 5: All companies agree that mechanisms targeted to minimizing UE power consumption is only a secondary priority in the NTN-TN service continuity and mobility studies. 
Proposal 5: RAN2 to deprioritize the study of the power consumption optimisation mechanism in the baseline NTN-TN service continuity and mobility mechanism solutions.

Observation 6: One company is concerned about the possible non-contiguous (inconsistent) coverage areas (footprints) of LEO satellites constellations and the implication of this on the service continuity of UE camping on NTN. And another company is concerned about the PCI confusion problem when the same PCIs are detected simultaneously by UEs on TN and NTN. The proposed solution is to have always configured the report CGI in measurement configuration and let UE report the CGI together with other measurement results. 

However, the non-contiguous coverage and PCI confusion are seen to be addressable via deployment and network planning.

Proposal 6: RAN2 to deprioritize the study of the dual-connectivity mechanism in the baseline NTN-TN service continuity and mobility mechanism solutions.

Proposal 7: RAN2 to agree on the below TP to TR38.821
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5 
Text Proposal  

------ Start of TP ---------

5.4.1 
Scope
The focus of the NTN-TN service continuity and mobility studies should be on mechanisms to minimize specification impact for cases where UE’s connectivity changes from the NTN to TN (‘hand-in’) and where UE’s connectivity changes from the TN to NTN (‘hand-out’). Coverage mechanisms, including inter-frequency and intra-frequency service continuity and mobility mechanisms are to be considered as baseline solutions. The NR Release 15-16 service continuity and mobility mechanisms shall be considered also for the NTN-TN service continuity and mobility studies.
5.4.2 
Reference scenario 

It is recommended to use a reference scenario for NTN-TN service continuity and mobility studies, defined as follows:
· A multi-cell TN network-border coverage is available according to an outdoor rural NR scenario (e.g. Table 6.1.3-1 in TR38.913)

· One NTN LEO satellite provides multi-cell coverage with moving cells on Earth (the satellite NR cells are modelled according to NTN assumptions, Table 6.1.1-1 & 4 in TR38.821 v0.7.0)

· Outdoor handheld (pedestrian) UEs or VSAT (vehicular relay) UEs are capable of TN and NTN connectivity (for NTN UE use Table 6.1.1-3 in TR38.821 v0.7.0)

5.4.3 
Assumptions 

The baseline solutions for NTN-TN service continuity and mobility shall rely only on the detection of TN coverage edge using RSRP/RSRQ threshold and/or PLMN indication. Furthermore, a UE configuration (provided by the serving RAN) with long periodicity (less frequent measurements) where the UE attempts to detect possible TN coverage even when being served by NTN cell shall be assumed as baseline.
Further enhancements including the use of any combination of RSRP/RSRQ threshold, PLMN indication, UE location, distance to cell center, are not precluded.
The NTN-TN service continuity and mobility mechanisms targeted to minimizing UE power consumption, e.g. DRX enhancement solutions are only a secondary priority.  

The study of dual-connectivity mechanisms between NTN and TN, in the baseline NTN-TN service continuity and mobility solutions is a secondary priority.
Potential PCI confusion between TN and NTN could be addressed using CGI reporting for a limited period in geographical areas where network planning alone could not mitigate the issue of PCI confusion.
------- End of TP ---------

It is still not clear to us why continuity between TN and NTN GEO is excluded.


TN-NTN service continuity scenario listed here is one reference scenario for RAN2 analysis (rather a more prominent one considering the frequency of Hand-in and Hand-outs between TN and NTN(LEO)). 


This doesn’t mean TN-NTN(GEO) is excluded. 


You are welcome to highlight a concrete TN-NTN(GEO) scenario where Hand-in and Hand-out between TN and NTN GEO must be analysed by RAN2 separately.





Thanks for your clarification. We can start with the scenario proposed by Nokia. ^_^


Option c): UE perform autonomous search for TN cells and send proximity indication to indicate that the UE is entering or leaving the proximity of one or more TN cells.


In our understanding, the option c) can also be included in this proposal.





For option b), NTN RAN and TN RAN have to coordinate with each other so that a NTN cell can provide the measurement configuration of neighboring TN cells to UE, which is not always possible especially when the service of TN and NTN cells are provided by operators from different countries. 





Similarly, for option a), the de-activation of the TN measurements is relatively easy to achieve based on the detection of the edge of the TN coverage. However, (re)activation of the of the TN measurements is not possible based only on UE measurements and must rely on signaling from the serving NTN network. To (re) activate TN measurements appropriately, the TN and NTN network still has to coordinate with each other.





While for option c), if the autonomous search function is enabled, UE will then decide when and/or where to search for a TN cell by implementation. For example, UE can perform measurements on the visited TN cells or frequencies to see if there is any TN cell nearby. If one or more TN cells are found by UE, UE in RRC_IDLE or RRC_INACTIVE can decide to re-select to a found TN cell while UE in RRC_CONNECTED can send a proximity indication to NW. There is no need for the NTN cell to provide any measurement configuration for neighbour TN cells to UE. UE will try to find one or more TN cells autonomously and wisely, which can both reduce the workload in network side and save power in UE side. 





Thus, in our understanding, option c) is quite suitable for UE to detect TN coverage when being served by NTN cell. The same mechanism has been specified in LTE to detect CSG cells so it will be much easier to introduce this mechanism in NTN.


Option b is about configuring less frequent measurements to detect TN cell while in NTN cell coverage. It is not about NTN RAN and TN RAN coordinating with each other.


Given the focus is to identify solution options with minimal impact to the specs. So, in the baseline solution it may not be appropriate to capture UE autonomous option without network control. 


However, I have added the following text to proposal 4 “Other options including the UE autonomous detection and notification of TN are subjected to FFS.” 


Thanks for adding the FFS about the autonomous detection. We can discuss it further in the following meetings.


�Sure, we can do that.
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