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1 Introduction

This is the chair’s summary:

CB: # 28_NTN_FeederSwitch

CT

The impact of XnAP should be minimized in the execution of feeder link switch over for NTN.

The impact of feeder link switch over on RAN3 can wait for RAN2 progress.
CATT

NTN control functions (or OAM) could control the feeder link switch by providing the strategy of feeder link switch for corresponding gNBs and NTN GWs.  

Introduce a new non-UE Xn procedure for feeder link switch, to exchange the necessary info between the gNBs, including satellite information, served cell(s) information.

the order of the serving cell list should be kept same between the source and target gNBs to maintain the correct neighbour relationship.

In NG, introduce a Container to transfer the satellite configuration in UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER NGAP messages.

existing Xn/NG handover procedure could be taken as the baseline, whether and how to further minimize signalling overhead for feeder link switch are pending to RAN1 and RAN2.

NTN System could be treated as a repeater of the gNB, the figure x.y in [3] could be endorsed in the annex of TS 38.300 as the reference deployment.
Nok

To Support feeder link switch, current NG/Xn based HO procedure can be reused, and no need to introduce enhancement to XnAP specification and NGAP specification.

To Support feeder link switch, wait for RAN2 decision regarding the impact to F1AP specification.
SS

discuss the exchange of available RACH resources between source and target to support RACH attempts distribution.

discuss the exchange of handover UE list and handover policy between source and target to support RACH attempts distribution.

discuss the procedures of group handover preparation and group path switch for collective hand-over to reduce the signalling overhead in Xn and NG.
E///

To support periodic switchover, add to Xn Setup and NG-RAN Configuration Update procedures the list of satellites to which the gNB connects, and for each satellite on the list include at least the list of cells from the gNB served through the satellite, and the ephemeris data.

To support event-triggered switchover, a new XnAP Class 1, non-UE-associated Satellite Connection Preparation procedure can be introduced.

Discuss the related XnAP CR (which includes the complete signaling “package” to support both periodic and event-triggered switchover); we welcome further discussion especially from operators on introducing the Satellite Connection Preparation procedure.

If switchover involving NTN gNBs which do not connect to the same AMF set (e.g. inter-PLMN) needs to be supported, it seems necessary to introduce another mechanism (e.g. transparent containers through the core network); we welcome further discussion on this aspect.

If we assume Xn to be deployed and the appropriate configuration information to be exchanged beforehand (see previous proposals), the “soft” switchover can be considered to be supported reusing the existing NR mobility mechanisms, at least for what concerns RAN3.

For RAN3 purposes, the NTN GW and the connected satellite(s) can be considered as part of the “NG-RAN node” logical node; the information related to their configuration can therefore be considered part of the NG-RAN node configuration.
ID

XN Satellite Connection Request, Satellite Connection Request Acknowledge and Satellite Connection Request Reject are needed.

The same XN Satellite Connection Request, Satellite Connection Request Acknowledge and Satellite Connection Request Reject are needed with a time reference for the hard switch.

Whether these switchover procedures are needed over the NG interface in addition to the XN is FFS, if it is needed this can be done by the use of transparent containers to handle the inter-PLMN information.

Target cell id and proper RRM measurement configuration should be signaled over open interfaces to allow for a common method of handling changes in cell configuration from switchover (soft or hard) Probably at cell setup since the relations will be active at predetermined times and thus can be either valid for a fixed time-period or switched easily if needed, instead of a complete reconfiguration.
HW

info related to feeder link switch is not dynamic and should be available into the gNB long time before the switch

feeder link switch may result of cell schedule management indication over Xn

main feeder link hard switch impact on RAN3 is pending to RAN2 progress.
Intel

enhance Xn to transfer NTN cell coverage information, together with the information about how cell coverage changes over time. 

enhance Xn Setup and NG-RAN Configuration Update procedures to transfer NTN cell coverage information, together with the information about how cell coverage changes over time.

satellite beam footprint is signaled by the coordinates of its two focal points.

together with the satellite beam footprint coordinates, its velocity (speed and direction) are signaled.
ZTE

gNB could be informed about the scheduling of switch-over based on the ephemeris data via OAM.

potential enhancement for feeder link switch-over should be pending to RAN2.

feeder link switch-over procedure captured in TR 38.821 could be reused as baseline, and the details should be further discussed.
CMCC

no matter what kinds of deployment of satellite and NTN-gateway, the main task is ensuring the service continuity.

gNB can be informed about the scheduling information through NTN control functions by the control of signaling as well as OAM.

some information that be used for exchanging on cell relation between RAN nodes via XN/NG. For example, satellite ID, a list of served cells information from the gNB covered by the satellite, and the ephemeris data for the satellite.

One solution may be left to network implementation, e.g., setting proper event A5 thresholds for conditional handover to enable handover, or to rely on radio propagation time instead or in combination with the RSRP/RSRQ radio measurements.

Feeder link hard switch procedure is based on accurate time control and conditional RRC re-establishment.
- Consensus to exchange satellite-related info at Xn setup / node config update?

- If so, which info? E.g. list of cells? Ephemeris? Beam focal points? How cell coverage varies over time?

- consensus for XnAP support for switchover?

- Periodic vs. event-triggered switchover: no signaling impact for periodic switchover?

- hard vs. soft switchover: no RAN3 impact for hard switchover?

- select st2, st3 BL?

- check details, revise/merge as needed
(E/// - moderator)
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2 For the Chairman’s Notes
It is proposed to agree the following at the session on 2021-01-27:

1.
Existing per-UE  Xn and NG Handover functions are used to support the switch over (feeder link and satellite)  It is assumed that the information exchanged in existing Handover procedures can be used for NTN purposes. Discussions on addition to the existing handover functions will be triggered from decisions made outside RAN3.

2.
3GPP supports NTNs with central coordination of switch overs. In case of centrally coordinated switch over, no signaling is needed on Xn/NG, to coordinate the actual switch-over (feeder link and satellite). 

3.
FFS: source and target NCGI mapping at handover.

4:
FFS: clarify the de-centralized coordination scenario, and whether 3GPP supports NTNs with de-centralized coordination of switch overs. In case of de-centralized coordinated switch over, Source and target gNB aspects have to be further discussed.

Well being aware of the overlap with CB#27, the moderator nevertheless suggests trying to get agreement on the following statements in the light of switch over discussions:

5.
3GPP supports Xn-connected gNBs providing non-terrestrial NR access.

6:
FFS: Based on the common understanding, that in non-terrestrial networks, Served Cell Information and Neighbour Cell Information for cells providing non-terrestrial NR access may be provided to the gNBs via OAM or exchanged via XnAP means, it is proposed to continue discussing XnAP protocol impacts for both options.
Further work on potential stage 2 to continue afterwards.
3 Discussion
3.1 Existing Xn/NG Handover procedures baseline for transfer of UE contexts to the target gNB and execution of handover

There seems to be the common understanding, that the Xn and NG Handover procedures can serve as baseline. Any necessary addition for the Handover function needs to be awaited from RAN2 discussions. It is also assumed that the current parameterization (e.g. target identification) can be used for NTN purposes. The following is proposed. Whether NG Handover is actually used (e.g. due to lack of Xn interface) is of secondary matter, as long as there are no changes to those procedures.

The moderator proposes the following basic agreement as a warm up for further discussions:

Existing per UE-basis Xn and NG Handover functions are used to support the feeder link switch. It is assumed that the information exchanged in existing Handover procedures can be used for NTN purposes. Discussions on addition to the existing handover functions will be triggered from decisions made outside RAN3.

Q3.1: Please provide your view below:

	Company
	Comment

	InterDigital
	Agree

	CATT
	Agree

	Intel
	Partially aree – RAN2 have already agreed on location and time based CHO for NTN, so we should be having these discussions in RAN3 already now, not in the future. 

	China Telecom
	Agree

	Samsung 
	Agree

	Huawei
	Principle is fine, the agreement itself is not clear, does the functions include F1? 

	Thales
	Agree

	Apple
	Agree

	ZTE
	Agree

	Ericsson
	Agree

	Rakuten Mobile
	Agree

	Nokia
	Agree with small correction.

	Qualcomm
	Agree – as a starting point.


3.2 Is there a Xn procedure needed to indicate the feeder link switch over?
It appears to the moderator, that the answer to this question lies within the assumption on how the satellite network is operated. 

1)
The “centralized deployment option”: the decision to perform a feeder link switch is coordinated in a central way and assumed to be exactly predictable, then there is no need to signal an event that is known by all serving gNBs. 

-
In case of soft switch over, the source gNB can configure UEs appropriately to execute the Handover, because it can assume that the handover at the target gNB will be successful with high probability. 
-
In case of hard switch over, a scalable solution would need to be in place, which requires a very well synchronized HO execution in order to minimize communication gaps in the transition phase from the source to the target feeder link. Nevertheless, details of such schemes have to be discussed outside RAN3.
2)
The “de-centralized deployment option”: In this option, the feeder link switch decision is considered to be based on local (gNB/NTN Gateway) decisions (with centralized configuration of all sorts of satellite system information, as in option 1). The timing of the feeder link switch would predictable only within a certain timing range, but the actual switch (i.e. availability of the target feeder link and source feeder link in case of soft switch, and exact hard switch time) is not known in advance.

Satellite systems with a certain degree of redundancy could benefit from this kind of flexibility and apply maintenance, load balancing schemes, emergency maneuvers, or what not else is possible. OAM does not seem to be the best option for this kind of de-centralized operation.
Ad 1) It appears that for this “centralized” option, there is no need to indicate the feeder link switch between gNBs. What could be discussed is the benefit of exchanging configuration information. However, with the assumption of depending on configuration data stemming from a central OAM entity, this wouldn’t make much sense.

3GPP supports NTNs with central coordination of feeder link switch overs. In case of centrally coordinated switch over, no signaling is needed on Xn/NG, neither to exchange configuration information nor to coordinate the actual feeder link switch.

Q3.2-1: please provide your view below:
	Company
	Comment

	InterDigital
	I am ok with this as long as this is truly coordinated and predictable. If NTN gateway or O&M has to signal the gNBs that a switchover is needed, it would be better to keep on an open interface, since a switch over event causes other messages like handovers or possibly SON functions or other procedures. In other words if a switchover is known to occur at time X then it is ok to keep configuration in O&M/NTN gateway. If it is triggered by O&M/NTN gateway I would not consider this differently than the de-centralized deployment option.

	CATT
	Agree that in case of “centralized deployment option”, the feeder link switch over event is controlled by the NTN control functions (OAM), no signalling is needed on Xn/NG to initiate the switch over. 
On the configuration information, we think it’s beneficial to exchange the cell(s) generated by the source and target gNB through the switching satellite.
Let’s take the hard switch for example:

· At T0, gNB A serves cell A1, A2, A3 via the satellite X, satellite X is moving towards the gNB-B, feeder link switch will start at T1.

· At T1, gNB-A will stop serving the cell A1, A2, A3, as the feeder link towards the satellite X is switched over. 

· From T2, gNB-B generates the cells B1, B2, B3 via the new coming satellite X. 

To move the UEs under cells A1, A2, A3 smoothly to B1, B2, B3. Before T1, the source gNB (gNB-A) needs to know the coming cells to be generated by the gNB-B through the satellite X.  And it needs to know the relationships, i.e. the B1 will take place of the coverage of A1, B2 for A2, ... Then gNB-A could correctly set the target cell for the UEs under the cells A1, A2, A3 before the feeder link switch is really happened.

Above all, we see before T1, the cells B1, B2, B3 to be generated by the gNB-B through the switching satellite is not ready. It seems not appropriate to exchange such kind of info via Xn SETUP or RAN Configuration Update procedure. 
And we understand the coming cell B1, B2, B3 to be generated by the target gNB. It’s not clear whether it’s decided by the target gNB itself, or it’s configured to the target gNB by OAM. 
It’s possible for OAM to configure the target cells (cell B1, B2, B3) served by the target gNB via the switching satellite to the source gNB (gNB-A). As LEO runs really fast, the feeder link switchover will happen frequently. Rely on OAM to do such kind of configuration will introduce more complexity to OAM, signalling based solution should be considered. 
Above all, we agree that the feeder link switch event could be configured by OAM. We prefer to use signalling base solution to exchange necessary information between the gNBs to let the source gNB do the correct handover preparation (set the correct target CGI). 

	Intel 
	Agree, provided this does not preclude signalling enhancements.

	China Telecom
	We agree that in the case of centrally coordinated switch over, no signaling is needed on Xn/NG, the feeder link switch over can be controlled by NTN control functions.

	Samsung
	Agree with CATT

We are not sure everything can be predicable even it’s coordinated in a central way. There are always exceptions, some feeder link switch may perform without predicable, e.g. the feeder link switch triggered by link failure (caused by interference or weather)

	Huawei
	We agree on configuration exchange is not needed, the gNBs must be coordinate via OAM and NTN-Control Center.

When Xn is available, there is interest to not relies on OAM for the neighboring relation and provides it over Xn, as usual. Then we see similarity and advantage to indicate the validity time windows of the cell with feeder link type. See CB 27. 

	Thales
	Agree that in case of centralized switch over scheduling, the switch over events (feeder link switch over, satellite switch-over) are planned by a NTN control function and provided via OAM to the gNB, no signaling is needed on Xn/NG to initiate the switch over. The minimum list of information provided to gNB by NTN control function should  be defined (e.g. start time and duration of switch over, etc.) . The format of these information may be left for implementation. It should be assumed that the NTN control function in such option will configure the NTN payloads and NTN gateways accordingly.
Agree also with CATT, that information may have to be exchanged between gNBs (via Xn/NG procedures) for successful hand-over execution of affected UEs (e.g. set the correct targeted CGI).

We recommend the following correction to the proposed statement:

“3GPP supports NTNs with central coordination of feeder link switch overs. In case of centrally coordinated switch over, signaling between gNB may be needed on Xn/NG to map CGI’s of the source cells to the CGI’s of the target cells. However no signaling is needed on Xn/NG, neither to exchange configuration information nor to coordinate the actual feeder link switch over.”



	Apple
	Agree with CATT. There is need for signaling on Xn/NG for such coordinated switchovers. 

	ZTE
	As the scheduling of switch over  events could be handled by the NTN Control Center (OAM), we agree with idea that in case of centrally coordinated switch over, no signaling is needed on Xn/NG.

	Ericsson
	We are fine with Thales changes (I guess Nicolas is aiming at generalizing the statement for feeder and service link switches)

	Rakuten Mobile
	We generally prefer initial proposal from moderator with the following modifications not to stick with only feeder link.
“3GPP supports NTNs with central coordination of switch overs for the link(s). In case of centrally coordinated switch over, no signaling is needed on Xn/NG to coordinate the actual switch for the link(s).”

	Nokia
	Ok for the proposal in Section 2. 

Not sure about the cell mapping issue, but this may be further discussed. The main point is no info over Xn to coordinate the feeder link switch over. RM’s proposal is also ok.

	Qualcomm
	Agree that with a comprehensive “centralized deployment option”, no new Xn/NG signaling is needed.

We also disagree with the CATT example which in our view illustrates a suboptimal way to perform handover. The example seems to assume that all UEs served by cell A1 would be transferred to cell B1 if, momentarily, cells’ A1 and B1 coverage areas coincide. That ignores possible subsequent movement of cell coverage and whether UEs may be near the edge of cell coverage already and about to lose cell coverage. A better method could be to make use of UE location information if available and/or UE measurements of other cells, and perform handover to other cells with the goal of maximising coverage time in the new cells. With this method, the new cells B1, B2, B2 for the new satellite need not be the only candidate target cells – though they could still be included. It also means that the source gNB would need information on cell coverage areas and coverage area motion for all neighboring cells and not just the new cells B1, B2, B3. In this case, providing information only for cells B1, B2, B3 would not be enough. Instead, more complete information, available from OAM, would be needed, and a simple extension for Xn would not be enough.


Ad 2) For this “de-centralized” option, there seems to be the need for introducing signaling between the gNBs. The question is whether we assume the deployment of such systems.
The following proposed agreement may appear a bit provocative to some, but the moderator intends to trigger a good discussion:

3GPP supports NTNs with de-centralized coordination of feeder link switch overs. In case of de-centralized coordinated switch over, inter-gNB signaling is needed. Source and target gNB aspects have to be further discussed. Given the semi-static nature of the satellite system, there is no need to exchange configuration information between the gNBs.

Q3.2-2: please provide your view below:
	Company
	Comment

	InterDigital
	We believe that de-centralized needs to be supported but would need confirmation based on our comment for centralized above.

	CATT
	The “de-centralized” option should be possible.
Rather than the accurate timing for switchover, we understand the NTN control function or OAM may configure some strategy for feeder link switch. E.g. when the antenna angle of the feeder link becomes smaller than a threshold, the source gNB initiates the feeder link switch towards the target gNB.
In this case, signalling based solution is more appropriate. 
On the configuration, same analysis as the option 1, only the limited info need to be exchanged between the gNBs, i.e. the cells served by the two gNBs through the switching satellite. 

	Intel
	Agree, without that “Given to semi-static nature of the satellite system, there is no need to exchange configuration information between the gNBs.” part.

	China Telecom
	If the de-centralized deployment option is supported, it is beneficial to exchange information between gNBs by signaling, e.g. introduce a new Xn procedure for feeder link switch over and the details need further discussion.

	Samsung
	Agree with CATT. 

For this de-centralized deployment, exchange information between inter-gNB is needed. And our comments in 3.1 also apply to this one.

	Huawei
	We would like a confirmation of “de-centralized” scenario.

We have doubt that the Radio System have any “option on, the feeder link switch decision”, from our understanding all is under control of NTN-CC and there is no room for gNB decision on feeder link itself.

However we do acknowledge possible “timing of the feeder link switch”, latency in setup etc … It might be possible to take advantage of this period for exchanging information. In some extend, we suggest it in CB27.

But the information to exchange at this period must be clarified. For example the Satellite ID is note a TEID (or IP@) that the source gNB selects, it is an information scheduled by the NTN-CC, and configured some time ago to the gNBs via OAM…. To follow this example what’s happen if the Satellite ID received by the target gNB does not match with the gNB/OAM/NTN-GW of the target?

	Thales
	De centralized coordination of switch overs (feeder link, satellite) may be needed with a dynamic correction of the pre-planned switch overs scheduling in a specific area due to feeder link or satellite impairments. In such case, it may be beneficial to convey the updates to the scheduling switch overs via O&M to selected gNBs.

We recommend the following correction to the proposed statement:

“3GPP supports NTNs with de-centralized coordination of feeder link switch overs. In case of de-centralized coordinated switch over, inter-gNB signaling is needed. Source and target gNB aspects have to be further discussed. Given to semi-static nature of the satellite system, there is no need to exchange configuration information between the gNBs.”

	Apple
	Agree with CATT.

	ZTE
	For the de-centralized coordination of feeder link switch overs, the feeder link switch over procedure captured in TR38.821 could be a baseline, but the information exchanged between the gNBs should be further discussed.

	Ericsson
	Fine with Thales changes, also with the suggestion of removing the “semi static” statement (for now)

	Rakuten Mobile
	It depends on the definition of “de-centralized”. Even in de-centralized case, this can be left for implementation, e.g. OAM.

	Nokia
	This “de-centralized” scenario is unclear. Which node control the FLSW? What is expected the behavior for the target gNB when receive the info from source gNB? It cannot be the gNB to control the FLSW. The gNB does not have the capability to initiate the transport connection with satellite. It is the satellite to have the best knowledge to know when setup the connection with the NTN GW. Maybe the NTN GW can also initiate the connection setup with the gNB. But again, it is not gNB. 
This de-centralized scenario was never discussed in SI or in previous meetings. So this scenario should be clarified and confirmed by operator, before making any decision. 

	Qualcomm
	There seems no need for a de-centralized alternative unless some data applicable to feeder link switchover may only be known locally to a gNB, NTN GW or satellite a short time in advance.

If the above condition does not apply, then algorithms for feeder link switchover will be deterministic a long time in advance and can be run anywhere (e.g. on a central OAM server). Running the algorithms on separate NTN GWs and gNBs would require new sigmaling among the gNBs, NTN GWs and satellite to share the results. Multiple interfaces and protocols would be impacted. Extensive time could be needed to define the new signaling (particularly on standard interfaces like Xn). It then seems like a good recipe to slow down standardization and implementation and increase testing and problem correction.

However, we agree with the comment from Thales that dynamic corrections or adjustments could be needed – which would constitute data known locally only a short time in advance. Providing such adjustments over Xn would need to be considered carefully to avoid replicating all central OAM functions. The preferred end result would be centralized control with some limited de-centralized adjustment where needed.


3.3 Setup of Xn interface to enable Xn Handover

Given the common understanding to support Xn handover for feeder link switch, many documents discuss the actual content of Xn interface management messages. Given the fact, that XN SETUP REQUEST / RESPONSE only foresee the Node ID, TAI Support List and AMF Region Information to be mandatory present, the Served Cell IEs however optional, one option could be to foresee the possibility to not include any Served Cell information at all (assuming that information to come directly from OAM) and have an explicit indicator like “Served Cell information for NTN provided by OAM” or similar.

The moderator proposes to agree on the following statement:

3GPP supports Xn-connected gNBs providing non-terrestrial NR access. Served Cell Information and Neighbour Cell Information for cells providing non-terrestrial NR access may be provided to the gNBs exclusively by OAM without being exchanged via XnAP means. If this option is deployed, XnAP should provide means to indicate explicitly the deployment of that option.

Further discussions on how to enhance/modify existing XnAP Served Cell Information and Neighbour Cell Information for cells providing non-terrestrial NR access are not precluded.
	Company
	Comment

	InterDigital
	We hesitate to treat NTN neighbours different than terrestrial neighbours, and thus would like to see necessary updates to handle NTN neighbours. In any case we see overlap here with CB: #27 at least the same decision should be done for these issues. 

	CATT
	This is related to the discussion of CB:# 27.
For the served cell information, we should be more cautious to do the decision. E.g. “Measurement Timing Configuration” of each serving cell, it seems the info should be decided by each gNB, not configured by OAM. Thus, we should carefully consider how to handle such kind of information.
For the neighbor cell relations, more details could be discussed in CB:#27.

	Intel 
	As CATT mentioned, this overlaps with another email discussion. Suggest to hold off this point for the time being.

	China Telecom
	Agree with above, the decision of neighbor cell relations should be consistent with discussion of CB:# 27.

	Samsung
	Same view as InterDigital.

	Huawei
	Same view …

	Thales
	We recommend that cells information be exchanged between gNBs via Xn/NG procedures as in cellular networks.

Therefore we recommend the following correction to the proposed statement:
“3GPP supports Xn-connected gNBs providing non-terrestrial NR access. Served Cell Information and Neighbour Cell Information for cells providing non-terrestrial NR access may be provided to the gNBs exclusively by via OAM or without being exchanged via XnAP means. If the later this option is deployed, XnAP should provide means to indicate explicitly the deployment of that option.

Further discussions on how to enhance/modify existing XnAP Served Cell Information and Neighbour Cell Information for cells providing non-terrestrial NR access are not precluded.”

	Apple
	Agree with CATT and Intel.

	ZTE
	Agree with the majority, this could be discussed in CB:#27.

	Ericsson
	We know that this is overlapping with CB#27, nevertheless we wanted to discuss the statement in the context of feeder link switch.

	Rakuten Mobile
	CB#27 followed by here.

	Nokia
	No. 

The served cell Info IE is Mandatory. So before discuss any modifications, is there any issue to reuse current Xn Served Cell info and Neighbour cell info? Unless there are issues found, we prefer the existing serving cell/nbr cell info exchanged over Xn is still reused. BTW, the nbr cell info IE is Optioanl. 
The gNB always have serving cells serving a geo-area, even the actual transport node (i.e. satellite) may change over time. We do not see any issue to reuse existing XnAP procedure. 



	Qualcomm
	We agree with the moderator statement as a preferred objective, but (similar to our previous answer), we believe current Xn information should be looked at to identify items that may have to be determined by a gNB or may only be known to a gNB a a short time in advance and for which Xn support is needed.


3.4 Text Proposals for stage 2 and stage 3
To be seen after Thursday discussions
	Company
	Comment

	
	

	
	

	
	


4 Conclusion, Recommendations [if needed]
If needed
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