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1
Discussion
The present contribution provides a draft content for a TR 23.700-29 annex related to deployments with an IWF residing on S1 or N2/N3. The proposed text is to be eventually included during normative phase in TS 23.401 and TS 23.501 as an informative annex.

The proposed content describes the functionality of the InterWorking Function (IWF) residing on S1 or N2/N3 for support of satellite access with regenerative payload (KI#1).

Without the use of IWF the CN would need to be upgraded for specific handling where a large number of eNBs/gNBs (e.g. more than 1000 in certain LEO deployments), each of them with their individual Global RAN Node IDs, serve exactly the same set of TAs for a short period of time (e.g. on the order of several minutes). The direct consequence is that the CN needs to handle a significant increase of non-UE associated S1/N2 signalling as well as learn to disregard the Global RAN Node ID (which effectively becomes irrelevant for any practical purpose).

The use of IWF allows for regenerative payload deployments with no impact on the Rel-17 or Rel-18 CN. Specifically, the IWF hides the satellite mobility to the CN and is perceived by the CN as an Earth-fixed eNB/gNB.

2
Proposal

Proposal 1: It is proposed to agree the proposed text for inclusion in an annex of TR 23.700-29.

Proposal 2: It is proposed to agree the principle of including an informative annex in TS 23.401 and TS 23.501 with similar content.

*** BEGIN CHANGES ***
ANNEX A
Support for Satellite Access with IWF
A.1
Support for Satellite Access with IWF on S1
A.1.1
Architecture

Figure A.1.1-1 shows a logical architecture for support of satellite access with IWF that has a set of S1 interfaces to connect to the satellite eNBs and to the EPC.
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Figure A.1.1-1: Satellite access with IWF on S1
The operator can deploy an IWF on S1 to allow for unmodified EPC network (i.e. EPC network supporting Rel-17 or Rel-18 functionality for satellite access) to connect with RAN for satellite access supporting the Rel-19 functionality for regenerative payload. The IWF handles the eNB mobility and hides it from EPC.

The S1 interface is defined as the interface:

-
Between the IWF and the Core Network;

-
Between the satellite eNB and the IWF.
The IWF appears to the MME as a static (i.e. Earth-fixed) eNB. The IWF appears to the satellite eNB as an MME.

The S1 interface between the satellite eNB and the IWF function supports the Rel-19 enhancements for handling eNB mobility. Specifically, the S1 interface between the satellite eNB and the IWF supports the S1 setup and S1 suspension/ update/ release procedures.

If due to UE mobility the UE leaves the service area of one IWF and enters the service area of another IWF, existing S1 handover procedures are used to support inter-IWF mobility.

A.1.2
Functional description of the IWF on S1
The functions of IWF include:

-
Establishing TNL Associations with the satellite eNB and establishing TNL Associations with the MME;

-
Sending an S1-AP message to the MME to establish or update S1-MME connection by including the IWF node ID and IWF node name which are statically configured and encoded with the same format as the Global eNB ID and eNB Name;
-
Storing the mapping between the TA(s) that each connected satellite eNB serves and its Global eNB ID;
-
Terminating the S1-AP message(s) from the satellite eNB for S1 Setup or eNB Configuration Update;

-
Storing the mapping between the serving satellite eNB’s Global eNB ID and the IWF node ID. Updating the mapping information if the serving satellite eNB has changed.

-
Providing S1-U tunnel information to the satellite eNB and to the MME and store information for S1-U tunnel switching.
-
Receiving Paging message from MME, and forwarding the Paging message to the satellite eNB(s) corresponding to the list of TAIs in the Paging message;
-
Allocating an eNB UE S1AP ID towards the MME. The eNB UE S1AP ID does not change as long as the UE is within the serving area of the IWF;

-
Storing 1:1 mapping between the eNB UE S1AP ID allocated by the satellite eNB and the eNB UE S1AP ID allocated by the IWF;
-
Updating the mapping between the eNB UE S1AP ID allocated by the satellite eNB and the eNB UE S1AP ID allocated by the IWF if the former has changed;

-
Replacing the eNB UE S1AP ID included in any UE associated S1-AP message from the satellite eNB with the corresponding eNB UE S1AP ID allocated by the IWF;

-
Replacing the eNB UE S1AP ID included in any UE associated S1-AP message from the MME with the corresponding eNB UE S1AP ID allocated by the satellite eNB.

-
Switching S1-U tunnels based on the stored information for S1-U tunnel switching.

NOTE:
The mapping between Mapped Cell ID(s) and geographical area(s) is configured in the satellite eNB and the Core Network. There is no need to configure this mapping in the IWF.
A.1.3
Interfaces

A.1.3.1
Protocol Stack for S1 User Plane

The S1-U data plane is defined between the satellite eNB and S-GW in presence of IWF.
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Figure A.1.3.1-1: User plane for S1-U interface between satellite eNB and S-GW in presence of IWF
The S1-U data plane between satellite eNB and IWF is dynamically switched from one satellite eNB to another in a way that is transparent to the S-GW.

A.1.3.2
Protocol Stacks for S1 Control Plane

Figure A.1.3.2-1 below shows the S1-MME protocol stacks for satellite access with IWF.

When present, the IWF terminates all S1 signalling – both with the satellite eNB and with the MME.
The S1-MME control plane between satellite eNB and IWF is dynamically switched from one satellite eNB to another in a way that is transparent to the MME.
For non-UE associated signalling the IWF handles the S1 setup and S1 suspension/ update/ release procedures with respect to the satellite eNBs.

For UE-associated signalling the IWF relays Control Plane data between the satellite eNB and the MME.
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Figure A.1.3.2-1: Control plane for S1-MME Interface between satellite eNB and MME in presence of IWF
A.2
Support for Satellite Access with IWF on N2/N3
A.2.1
Architecture

Figure A.2.1-1 shows a logical architecture for support of satellite access with IWF that has a set of N2/N3 interfaces to connect to the satellite gNBs and to the 5GC.
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Figure A.2.1-1: Satellite access with IWF on N2/N3
The operator can deploy an IWF on N2/N3 to allow for unmodified 5GC network (i.e. 5GC network supporting Rel-17 or Rel-18 functionality for satellite access) to connect with RAN for satellite access supporting the Rel-19 functionality for regenerative payload. The IWF handles the gNB mobility and hides it from 5GC.

The N2/N3 interface is defined as the interface:

-
Between the IWF and the Core Network;

-
Between the satellite gNB and the IWF.
The IWF appears to the AMF as a static (i.e. Earth-fixed) gNB. The IWF appears to the satellite gNB as an AMF.

The N2/N3 interface between the satellite gNB and the IWF function supports the Rel-19 enhancements for handling gNB mobility. Specifically, the N2 interface between the satellite gNB and the IWF supports the N2 setup and N2 suspension/ update/ release procedures.

If due to UE mobility the UE leaves the service area of one IWF and enters the service area of another IWF, existing N2 handover procedures are used to support inter-IWF mobility.

A.2.2
Functional description of the IWF on N2/N3
The functions of IWF include:

-
Establishing TNL Associations with the satellite gNB and establishing TNL Associations with the AMF;

-
Sending an NG-AP message to the AMF to establish or update N2 connection by including the IWF node ID and IWF node name which are statically configured and encoded with the same format as the Global gNB ID and RAN Node Name;
-
Storing the mapping between the TA(s) that each connected satellite gNB serves and its Global gNB ID;
-
Terminating the NG-AP message(s) from the satellite gNB for NG Setup or RAN Configuration Update;

-
Storing the mapping between the serving satellite gNB’s Global gNB ID and the IWF node ID. Updating the mapping information if the serving satellite gNB has changed.

-
Providing N3 tunnel information to the satellite gNB and to the AMF and store information for N3 tunnel switching.
-
Receiving Paging message from AMF, and forwarding the Paging message to the satellite gNB(s) corresponding to the list of TAIs in the Paging message;
-
Allocating an RAN UE NGAP ID towards the AMF. The RAN UE NGAP ID does not change as long as the UE is within the serving area of the IWF;

-
Storing 1:1 mapping between the RAN UE NGAP ID allocated by the satellite gNB and the RAN UE NGAP ID allocated by the IWF;
-
Updating the mapping between the RAN UE NGAP ID allocated by the satellite gNB and the RAN UE NGAP ID allocated by the IWF if the former has changed;

-
Replacing the RAN UE NGAP ID included in any UE associated NG-AP message from the satellite gNB with the corresponding RAN UE NGAP ID allocated by the IWF;

-
Replacing the RAN UE NGAP ID included in any UE associated NG-AP message from the AMF with the corresponding RAN UE NGAP ID allocated by the satellite gNB.

-
Switching N3 tunnels based on the stored information for N3 tunnel switching.

NOTE:
The mapping between Mapped Cell ID(s) and geographical area(s) is configured in the satellite gNB and the Core Network. There is no need to configure this mapping in the IWF.
A.2.3
Interfaces

A.2.3.1
Protocol Stack for N3 User Plane

The N3 data plane is defined between the satellite gNB and UPF in presence of IWF.
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Figure A.2.3.1-1: User plane for N3 interface between satellite gNB and UPF in presence of IWF
The N3 data plane between satellite gNB and IWF is dynamically switched from one satellite gNB to another in a way that is transparent to the UPF.

A.2.3.2
Protocol Stack for N2 Control Plane

Figure A.1.3.2-1 below shows the N2 protocol stack for satellite access with IWF.

When present, the IWF terminates all N2 signalling – both with the satellite gNB and with the AMF.
The N2 control plane between satellite gNB and IWF is dynamically switched from one satellite gNB to another in a way that is transparent to the AMF.
For non-UE associated signalling the IWF handles the N2 setup and N2 suspension/ update/ release procedures with respect to the satellite gNBs.

For UE-associated signalling the IWF relays Control Plane data between the satellite gNB and the AMF.
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Figure A.2.3.2-1: Control plane for N2 Interface between satellite gNB and AMF in presence of IWF
*** END CHANGES ***
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