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Abstract: This paper proposes a solution for Mobility Registration Updates for non-geostationary satellite access
1
Proposal
Non-geostationary satellite access can make the existing mobility management procedures rather inefficient tradeoff between excessive signalling caused by frequent Mobility Registration Update signalling and having to page the UE over very large area. 

It is proposed to add the following new candidate solution to TR 23.737 in order to solve this problem. 

***** The first change *****
6.x
Solution #x for Key Issue #2: Idle mode mobility procedure for non-geostationary satellite access
6.x.1
Description
Key Issue #2 identifies the problem caused by non-geostationary satellite gNBs moving constantly in relation with the UE location. This will cause a new mobility challenge as even a stationary UE will need to re-select between the serving cell disappearing below the horizon and the new one emerging in quick succession. 
The cell re-selection part is expected to be dealt with under RAN study FS_NR_NTN, but the NAS procedures are in the scope of FS_5GSAT_ARCH. 

The existing tools already allow the satellites in the constellation to be grouped in single TA, or groups of TAs, of which a TAI List can be composed by the AMF to send to the UE. The drawback of all these methods when using non-geostationary satellite gNB is that the Registration Area assigned to the UE is also the paging area for MT signalling and data. If the non-geostationary gNBs are grouped to a single TA, or issued to the UE as a single TAI List, then the UE need not perform Mobility Registration Updates, but consequently, the network is not fully aware of the UE location and may need to page over a very large area. The network awareness of the UE location can be improved by assigning each non-geostationary gNB a different TAI, and not including a multitude of these in the Registration Area that is issued to the UE. The network awareness of UE location improves the efficiency of the paging procedure, but only at the cost of substantially increased Mobility Registration Update signalling when re-selecting between non-geostationary gNBs. 
As a consequence, a procedure for reasonably accurate paging area with minimum update signalling is needed. 

6.x.2
Procedures

The procedure is based on the AMF issuing the UE a sequence of Registration Areas that are expected to follow each other in a pre-determined order, as is the case in satellite communication over non-geostationary satellites.  

When the UE initiates Registration procedure over satellite gNB, the AMF discovers this based on the Cell ID or TAI that is indicated over N2 interface. The Registration procedure then continues as specified in TS 23.502 clause 4.2.2.2.1, with the following exceptions:
-
In step 21, if the AMF detects that the registration procedure originates from a satellite gNB based on N2 parameters (Cell ID) received in step 3 or the TAI included by the UE in step 1, the AMF may assign an ordered sequence of Registration Areas. 
-
If the AMF assigns an ordered sequence of Registration Areas in a Registration Area List, the first Registration Area includes the TAI of the present gNB, and subsequent Registration Areas are for the expected following TAIs represented by the foreseen next gNBs that are expected to cover the UE location. This sequence of Registration Areas may be derived based on AMF pre-configuration for certain location, based on geo-location or network topology (Cell ID, TAI). 
-
The AMF may additionally issue a validity period for each Registration Area. It is assumed that the validity periods of each Registration Area in the Registration Area List are a continuous sequence of pre-timed Registration Areas that follow each other in a pre-determined sequence, with only one Registration Area being valid at any time. The Registration Area whose validity period is ongoing is called Active Registration Area. 
-
If the UE moves from one Registration Area to another in the sequence indicated in the Registration Area List, it need not initiate Mobility Registration Update, as this implies that the UE is remaining in a predicted area under the satellite constellation. 

-
If the UE that is stepping outside of the predicted sequence of Registration Areas in the Registration Area List by re-selecting a cell that is neither part of the current Registration Area nor the next Registration Area in the Registration Area List, the UE initiates Mobility Registration Update. 
-
Periodic Registration Update procedure is not affected.
AMF procedures:

-
The AMF derives the Registration Area to be sent to the UE based on sequence of Registration Areas that corresponds with the pre-determined sequence of satellites passing above the UE location. The starting point of the sequence is determined based on the cell that the UE is accessing. 

-
The AMF sends the derived Registration Area List to the UE and stores it as part of the UE context.

-
The AMF maintains validity time for each Registration Area in the Registration Area List. The AMF may take into account the validity times of the Registration Areas that is indicates to the UE in Registration Area List when selecting the Periodic Update Timer value for the UE. 
-
When the validity period of the Active Registration Area expires, the AMF takes next Registration Area in Registration Area List and uses it as the Active Registration Area until its validity time expires.

-
The AMF considers the transition from the previous Active Registration Area to new Active Registration Area as an implicit Mobility Registration Update.

-
For DL data or signalling, the AMF pages the UE in the Active Registration Area. The AMF may optionally page the UE also in the previous and in the next Registration Area, especially to cover possible time synchronization differences between the UE and the AMF.

UE procedures, if UE has received validity period is associated with the Registration Area (scheduled Active Registration Area): 

-
In step 21, when the UE receives a Registration Area List, it takes the Active Registration Area to use for its mobility management procedures. 

-
After re-selection to new cell, the UE compares the TAI of the new serving cell with the Active Registration Area. If the TAI of the serving cell is included in the Active Registration Area, the UE considers itself being updated and it need not initiate Mobility Registration Update. 

-
The UE takes the next Registration Area in Registration Area List in use as the Active Registration Area based on validity period at the expiry of the present Registration Area without initiating Mobility Registration Update. 

-
If the TAI broadcast by the serving cell is not included in the Active Registration Area, then the UE initiates Mobility Registration Update. 

Editor’s note: the time synchronization between the UE and the network is FFS. 
UE procedures, if the UE has not received validity period is associated with the Registration Area (cell re-selection based Active RA): 
-
In step 21, when the UE receives a Registration Area List, it takes the first Registration Area in the list as the Active Registration Area to use for its mobility management procedures.

-
After re-selection to new cell, the UE compares the TAI of the new serving cell with the Active Registration Area. If the TAI of the serving cell is included in the Active Registration Area, the UE stays in the same Active Registration Area. If the TAI of the new serving cell is not included in the Active Registration Area, but it is included in the next Registration Area in the Registration Area List, the UE takes the next Registration Area as the Active Registration Area. As long as the UE following this procedure remains in Active Registration Area, it need not initiate Mobility Registration Update.

-
If the TAI of the serving cell is not included in the Active Registration Area, the initiates Mobility Registration Update.    

6.x.3
Impacts on existing nodes and functionality
AMF needs to support the following new capabilities: 

-
Detection that the UE is accessing over non-geostationary satellite

-
Determining an ordered sequence of Registration Areas based on their validity periods on Registration Area List

-
Encoding of more than one Registration Area in Registration Accept message
UE needs to support the following capabilities:

-
Decoding of more than one Registration Area in Registration Accept message 

-
Omitting Mobility Registration Update when cell re-selection or validity period moves the UE from the current Registration Area to the next one in the ordered Registration Area List
6.x.4
Solution Evaluation

This solution allows the UE to initiate Mobility Registration Update signalling only when moving out of the predicted sequence of Registration Areas. 
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