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1 Introduction

Referring to the architecture scenarios currently captured in [1]:

1. Transparent satellite based non-terrestrial access network (Sec. 5.1);

2. Regenerative satellite and split gNB (Sec. 5.3.2);

3. Regenerative satellite and on-board gNB(s) (Sec. 5.2.1);

4. Regenerative satellite with Inter-Satellite Links (ISLs), gNB processed payload (Sec. 5.2.1);
5. gNB processed payload, Relay-like architecture (Sec. 5.3.3).
we will present some observation on possible handover scenarios involving NTN.
2 Discussion

2.1 Intra-gNB Mobility

In this case, all necessary signaling is confined to within the gNB, with no signaling impact on NG or Xn. For the case of “monolithic” gNB, this is supported without any standards impact by Architectures 1, 3, and 4. This seems to be true also for Arch. 5 (gNB processed payload, relay-like).
Observation 1: For the case of “monolithic” gNB, intra-gNB mobility is supported by Architectures 1, 3, 4, and 5 without any standards impact.

2.1.1 Intra-DU Mobility

In this case, all necessary signaling is confined to within the DU, with no signaling impact on F1. This is supported by Architecture 2 without any standards impact.

Observation 2: Intra-DU mobility is supported by Architecture 2 without any standards impact.
2.1.2 Inter-DU Mobility

In this case there is F1 impact, so a signaling exchange over the SRI is necessary.
If there is one logical DU per satellite, there will be multiple SRIs involved (one per satellite) toward the same CU at the ground station. If there is more than one logical DU per satellite (not precluded), a single SRI will transport several F1 interface instances, in which case an inter-DU intra-satellite handover will still result in F1 signaling exchange over the SRI. 
Observation 3: Supporting inter-DU mobility with Architecture 2 requires exchanging F1 signaling over the SRI.
2.2 Inter-gNB Mobility

2.2.1 Xn Mobility

For Architectures 1 and 2, Xn interfaces (if present) are terminated at the ground station; in these cases, Xn mobility is then possible without any standards impact.
There is no Xn in Architecture 3, so in this case it is not possible to support Xn mobility.

For Architecture 4, Xn mobility is only possible between satellite-hosted gNBs. See also [2] for a more detailed discussion of Xn in NTNs.
Observation 5: Xn mobility is supported without any standards impact for Architectures 1 and 2, it is only possible between satellite-hosted gNBs in Architecture 4, and it is not supported by Architecture 3.
Some further observations should be made on the issue of Xn mobility involving NTNs. In current NG-RAN specifications, Xn mobility is the mechanism of choice when moving between neighbor cells, ensuring the best performance and with minimal core network involvement thanks to the use of a “horizontal” interface, Xn. When considering NTNs, the concept of neighbor cells is going to be different, and at least two different cases should be considered:
a) Two “neighbor” cells belonging to NTNs;

b) Two “neighbor” cells, of which one is served by a terrestrial RAN, and the other by an NTN.

The implications of the two cases, in terms of e.g. Xn setup, are clearly very different.

For the first case, if we assume that the two cells are served by two different logical nodes (e.g. satellites) within the NTN, it seems possible to set up Xn and use it for Xn mobility. This is indeed the case with Arch. 4, in which Xn would be transported on ISLs.
For the second case, running Xn between an NTN logical node (e.g. a satellite) and a gNB on the ground would involve transporting it over the Earth-satellite link. In such a case, the benefit of Xn mobility over 5GC-based mobility would be questionable. Indeed, the benefit of Xn between a satellite-gNB and a terrestrial gNB is questionable.
Observation 6: If one of the two “neighbor” cells is served by a gNB on the ground and the other is served by a satellite-gNB, the benefits of setting up Xn and using Xn mobility in this case is questionable.
Architecture 5 (relay-like, Xn is terminated in the satellite but goes through the NTN-donor) seems to suffer from this problem. Therefore, in theory Arch. 5 supports Xn mobility between satellite-gNBs and terrestrial gNBs, but its performance seems questionable due to the above observations.

Observation 7: Arch. 5 in theory supports Xn mobility between a satellite-gNB and a terrestrial gNB, but its performance seems questionable.
2.2.2 Mobility Through the 5GC

In Architectures 1 and 2, NG is terminated at the ground station; in these cases, mobility through the CN is supported without any standards impact.
In Architectures 3, 4 and 5, NG is terminated at the satellite, so NG traffic needs to be transported over the SRI: mobility through the CN is possible.

Observation 8: Mobility through the CN is supported without any standards impact in Architecture 1 and, 2, and it is possible in Architectures 3, 4 and 5 (SRI provides transport for NG).

2.3 Summary

	
	Arch. 1
	Arch. 2
	Arch. 3
	Arch. 4
	Arch. 5

	Intra-gNB mobility (“monolithic” gNB)
	Supported, no standards impact
	Does not apply
	Supported, no standards impact
	Supported, no standards impact
	Supported, no standards impact

	Intra-DU mobility
	Does not apply
	Supported, no standards impact
	Does not apply
	Does not apply
	Does not apply

	Inter-DU mobility
	Does not apply
	Possible, but requires exchanging F1 signaling over SRI
	Does not apply
	Does not apply
	Does not apply

	Xn mobility
	Supported, no standards impact
	Supported, no standards impact
	Not supported
	Possible only between satellite-hosted gNBs
	Possible in theory, but performance seems questionable

	Mobility through the 5GC
	Supported, no standards impact
	Supported, no standards impact
	Possible, but requires exchanging NG signaling over SRI
	Possible, but requires exchanging NG signaling over SRI
	Possible, but requires exchanging NG signaling over SRI


Table 1 Mobility support for the various architectures.
Proposal 2: Capture in the TR the TP provided.
3 Conclusions and Proposals
Our observations and proposals are summarized below.
Observation 1: For the case of “monolithic” gNB, intra-gNB mobility is supported by Architectures 1, 3, 4, and 5 without any standards impact.
Observation 2: Intra-DU mobility is supported by Architecture 2 without any standards impact.
Observation 3: Supporting inter-DU mobility with Architecture 2 requires exchanging F1 signaling over the SRI.

Observation 5: Xn mobility is supported without any standards impact for Architectures 1 and 2, it is only possible between satellite-hosted gNBs in Architecture 4, and it is not supported by Architecture 3.

Observation 6: If one of the two “neighbor” cells is served by a gNB on the ground and the other is served by a satellite-gNB, the benefits of setting up Xn and using Xn mobility in this case is questionable.

Observation 7: Arch. 5 in theory supports Xn mobility between a satellite-gNB and a terrestrial gNB, but its performance seems questionable.
Observation 8: Mobility through the CN is supported without any standards impact in Architecture 1 and 2, and it is possible in Architectures 3, 4 and 5 (SRI provides transport for NG).

Proposal 2: Capture in the TR the TP provided.
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8.x. Mobility Aspects

8.x.1 Architecture Classification

In the following sections, the architecture options previously described will be referred to as follows:

1. Transparent based non-terrestrial access network (Sec. 5.1);

2. Regenerative satellite and split gNB (Sec. 5.3.2);

3. Regenerative satellite and on-board gNB(s) (Sec. 5.2.1);

4. Regenerative satellite with Inter-Satellite Links (ISLs), gNB processed payload (Sec. 5.2.1);
5. gNB processed payload, Relay-like architecture (Sec. 5.3.3).
8.x.2 Intra-gNB Mobility (“Monolithic gNB”)
In this case, all necessary signaling is confined to within the gNB, with no signaling impact on NG or Xn. For the case of “monolithic” gNB, this is supported without any standards impact by Architectures 1, 3, 4, and 5.
8.x.3 Intra-DU Mobility
In this case, all necessary signaling is confined to within the DU, with no signaling impact on F1. This is supported by Architecture 2 without any standards impact.
8.x.4 Inter-DU Mobility
In this case there is F1 impact, so a signaling exchange over the SRI is necessary.

If there is one logical DU per satellite, there will be multiple SRIs involved (one per satellite) toward the same CU at the ground station. If there is more than one logical DU per satellite (not precluded), a single SRI will transport several F1 interface instances, in which case an inter-DU intra-satellite handover will still result in F1 signaling exchange over the SRI. This is true for Architecture 2.
8.x.5 Inter-gNB Mobility
8.x.5.1 Xn Mobility
For Architectures 1 and 2, Xn interfaces (if present) are terminated at the ground station; in these cases, Xn mobility is then possible without any standards impact.

There is no Xn in Architecture 3, so in this case it is not possible to support Xn mobility.

For Architecture 4, Xn mobility is only possible between satellite-hosted gNBs.
Some further observations should be made on the issue of Xn mobility involving NTNs. In current NG-RAN specifications, Xn mobility is the mechanism of choice when moving between neighbor cells, ensuring the best performance and with minimal core network involvement thanks to the use of a “horizontal” interface, Xn. When considering NTNs, the concept of neighbor cells is going to be different, and at least two different cases should be considered:

a) Two “neighbor” cells belonging to NTNs;

b) Two “neighbor” cells, of which one is served by a terrestrial RAN, and the other by an NTN.

For the first case, if the two cells are served by two different logical nodes (e.g. satellites) within the NTN, it seems possible to set up Xn and use it for Xn mobility. This is indeed the case with Arch. 4, in which Xn would be transported on ISLs.

For the second case, running Xn between an NTN logical node (e.g. a satellite) and a gNB on the ground would involve transporting it over the Earth-satellite link. In such a case, the benefit of Xn mobility over 5GC-based mobility would be questionable. Indeed, the benefit of Xn between a satellite-gNB and a terrestrial gNB is questionable.

Architecture 5 (relay-like, Xn is terminated in the satellite but goes through the NTN-donor) seems to suffer from this problem. Therefore, in theory Arch. 5 supports Xn mobility between satellite-gNBs and terrestrial gNBs, but its performance seems questionable due to the above observations.
8.x.5.2 Mobility Through the 5GC
In Architectures 1 and 2, NG is terminated at the ground station; in these cases, mobility through the CN is supported without any standards impact.

In Architectures 3, 4 and 5, NG is terminated at the satellite, so NG traffic needs to be transported over the SRI: mobility through the CN is possible.
8.x.6 Summary

	
	Arch. 1
	Arch. 2
	Arch. 3
	Arch. 4
	Arch. 5

	Intra-gNB mobility (“monolithic” gNB)
	Supported, no standards impact
	Does not apply
	Supported, no standards impact
	Supported, no standards impact
	Supported, no standards impact

	Intra-DU mobility
	Does not apply
	Supported, no standards impact
	Does not apply
	Does not apply
	Does not apply

	Inter-DU mobility
	Does not apply
	Possible, but requires exchanging F1 signaling over SRI
	Does not apply
	Does not apply
	Does not apply

	Xn mobility
	Supported, no standards impact
	Supported, no standards impact
	Not supported
	Possible only between satellite-hosted gNBs
	Possible in theory, but performance seems questionable

	Mobility through the 5GC
	Supported, no standards impact
	Supported, no standards impact
	Possible, but requires exchanging NG signaling over SRI
	Possible, but requires exchanging NG signaling over SRI
	Possible, but requires exchanging NG signaling over SRI


Table x.6-1 Mobility support for the various architectures.
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