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1. Introduction
At RAN2#104, we had some discussions about tracking area management and reached the following agreements:
Agreements:
1. RAN2 to study solutions for two different type of UE categories 1) with GNSS support, 2) without GNSS support
2. For GEO, the current tracking area management is assumed as a baseline
3. For LEO with moving beams study fixed and moving tracking area solutions 
In this contribution, we share some thoughts on tracking area management in NTN, especially for NON-GEO with moving beams.
2. Discussion
2.1. Analysis of TA management and paging in NR
Firstly, we would like to clarify some definitions in NR [1]:
Tracking area: A tracking area is identified by a TAI which is broadcast in the cells of the tracking area. The TAI is constructed from a TAC and a PLMN identifier. 
Registration area: A registration area is defined as a set of tracking areas and each of these tracking areas consists of one or more cells that cover a geographical area.
Based on the above definitions, it is clear that a registration area = a TAI list. 


Figure 1. Initial Registration procedure in NR
As shown in figure1, when UE initiate registration procedure for initial registration, UE may provide the last visited TAI (if available) to AMF. If the registration is accepted, the AMF shall assign and include a TAI list as a registration area the UE is registered to in the REGISTRATION ACCEPT message. The UE, upon receiving a REGISTRATION ACCEPT message, shall delete its old TAI list and store the received TAI list. The CN initiated paging will be sent to all the UEs within this registration area.
Observation 1: The CN initiated paging will be sent to all UEs within the registration area, which is identified by a TAI list.
When the UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered in the AMF, a mobility registration update procedure will be triggered. UE derives the TAI based on the TAC and PLMN ID received via system information and detects whether it has entered a tracking area which is not in the TAI list that the UE previously registered in the AMF. The AMF may include a new TAI list for the UE in the REGISTRATION ACCEPT message. The UE, upon receiving a REGISTRATION ACCEPT message, shall delete its old TAI list and store the received TAI list. If there is no TAI list received, the UE shall consider the old TAI list as valid. 


Figure 2. Mobility Registration Update procedure in NR
Observation 2: In NR, UE derives the TAI based on the TAC and PLMN ID received via system information. When UE detects entering a tracking area which is not in the TAI list that the UE previously registered in the AMF, a mobility registration update procedure will be triggered.
In NR, the TAC of a certain cell is allocated by OAM and the value will not be changed frequently once it is allocated.
Observation 3: The TAC for a certain cell is allocated by OAM and will not be changed frequently once allocated.
2.2. TA management in NTN
As we agreed before, for GEO, the current tracking area management in NR can be used as a baseline since the GEO satellite appears motionless, at a fixed position in the sky, to ground observers.
For LEO, especially those with moving beams, due to high speed movement of satellite, the serving satellite/beam/cell for an earth stationary UE will be changed every tens of minutes in a NON-GEO network. If we apply the NR TA management strategy, massive mobility registration update procedures (can also be called as tracking area update, i.e. TAU) will be triggered for UEs in RRC_IDLE since the broadcast TAC will change frequently due to the high-speed movement of satellite.
Observation 4: Massive mobility registration update procedures will be triggered if the tracking area management strategy in NR is applied in NON-GEO based non-terrestrial networks, especially those with moving beams. 
In order to reduce the mobility registration update procedures while applying the existing TA management strategy, one possible solution is to configure a relatively larger registration area (i.e. a larger TAI list containing more TAIs). 
However, as we mentioned above, CN initiated paging will be sent to all UEs within this registration area. Massive paging will be sent if the registration area is too large which is a challenge to the paging capacity. In addition, enlarging the registration area to reduce registrations procedures is like putting the cart before the horse because the registration area is usually allocated according to the paging requirement and paging capacity.
Observation 5: Configuring a larger registration area to reduce registration area update procedures is not recommended as it may bring a challenge to the paging capacity.
With all the observations above, we suggest to introduce an earth fixed tracking area management strategy in NTN, especially for NON-GEO with moving beam.
In an earth fixed tracking area management strategy, the TAC is linked to a certain geographical area. Registration area update procedure will be triggered when UE actually moves on the earth.
Two detailed solutions are listed as follows:


Figure 3. An example of updating TAC and PLMN ID in real-time for NON-GEO with moving beam
Alt.1: UE location information is unavailable
In a Non-GEO NTN, the satellite/satellite beams broadcast a TAC and PLMN ID according to the fixed TAI planning on earth with the similar procedure in NR and update the TAC and PLMN ID when the satellite/satellite beams move out of the planned TAI area fixed on earth. UE listens to the TAI=PLMN ID +TAC information from the system information broadcast by satellite, compares the TAI listened with the TAI list stored in UE and previously assigned by AMF through registration procedure, where TAI list stored may be an empty set before initial registration, and determines to initialize a registration update procedure if the TAI listened is different from any TAI in the TA listed stored in UE. When a registration update procedure is initialized by UE, besides registration type, UE ID, security parameters, last visited TAI, etc. a UE assisted TAI list may be sent to AMF as well to assist a UE-specific TAI list assignment in AMF. The UE assisted TAI list is a TAI list based on the UE observation with respect to time and determined by UE, which can be used to minimize both paging load and registration update load simultaneously.
As shown in Figure 4, network update the broadcast TAC in real time according to the ephemeris and confirm the broadcast TAC is associated with the geographical area covered by the satellite beam. UE derives TAI=PLMN ID +TAC and determines to trigger registration area update procedure based on the broadcast TAC and PLMN ID when it moves out of the specific registration area.


Figure 4.Mobility Registration Update procedure based on the information in SIB1
In general, Alt.1 is similar to the tracking area management strategy in NR. The major difference is that the TAC is associated to a geographical area on earth and network has to update the TAC in real-time according to the ephemeris to confirm the broadcast TAC is associated with the geographical area covered by the satellite beam.
Alt.2: UE location information is available
During initial registration, UE derives the TAC based on its geographical position (the mapping rule between the geographical area and the TAC value is kept both on UE side and network side) and reports a list of TAIs to network via REGISTRATION REQUEST message. The AMF confirms the reported TAI list and includes a TAI list as a registration area the UE is registered to in the REGISTRATION ACCEPT message.


Figure 5.Initial registration procedure with TAC derived from UE side 
When UE moves to a new geographical area, UE derives the TAC based on the geographical position and the mapping rule between the geographical area and TAC. If UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered in the CN, a mobility registration update procedure will be triggered. UE reports the TAI list derived by itself to network via REGISTRATION REQUEST message. The AMF may confirm the reported TAI list and include a new TAI list for the UE in the REGISTRATION ACCEPT message. The UE, upon receiving a REGISTRATION ACCEPT message, shall delete its old TAI list and store the received TAI list. If there is no TAI list received, the UE shall consider the old TAI list as valid. 


Figure 6. Mobility Registration Update procedure based on the TAC derived from UE side 
In Alt.2, there is no need to broadcast TAC in system information as the mobility registration update procedure is triggered based on the TAC derived from UE side. Since UE has to derive the TAC mapped from the geographical location, Alt.2 can only be applied to UE with GNSS support.
As the analysis given above, Alt.1 is similar to the tracking area management strategy in NR and thus can be applied with minor impact on the current specification. Besides, we also see some benefits in applying Alt.2, e.g. providing more precise TA information and avoiding unnecessary paging.
As agreed in RAN2#104, solutions for two different type of UE categories 1) with GNSS support, 2) without GNSS support should both be considered, we suggest to include both Alt.1 and Alt.2 in the scope of this SI:
Proposal 1: An earth fixed tracking area management strategy is introduced in NTN, especially for NON-GEO with moving beam. The following two alternatives should be considered:
Alt.1: For the case when UE location information is unavailable, UE detects entering a TA which is not in the registered TAI list based on the information received in SIB1. Network update the broadcast TAC in real time according to the ephemeris and confirm the broadcast TAC is associated with the geographical area covered by the satellite beam. 
Alt.2: For the case when UE location information is available, UE detects entering a TA which is not in the registered TAI list based on the TAC derived from UE side. UE derives the TAC based on the geographical location and the mapping rule between the geographical area and TAC. 
Proposal 2: Agree the text proposal.
3. Conclusion and proposals
With the above analysis, we have the following observations and proposals:
Observation 1: The CN initiated paging will be sent to all UEs within the registration area, which is identified by a TAI list.
Observation 2: In NR, UE derives the TAI based on the TAC and PLMN ID received via system information. When UE detects entering a tracking area which is not in the TAI list that the UE previously registered in the AMF, a mobility registration update procedure will be triggered.
Observation 3: The TAC for a certain cell is allocated by OAM and will not be changed frequently once allocated.
Observation 4: Massive mobility registration update procedures will be triggered if the tracking area management strategy in NR is applied in NON-GEO based non-terrestrial networks, especially those with moving beams. 
Observation 5: Configuring a larger registration area to reduce registration area update procedures is not recommended as it may bring a challenge to the paging capacity.
Proposal 1: An earth fixed tracking area management strategy is introduced in NTN, especially for NON-GEO with moving beam. The following two alternatives should be considered:
Alt.1: For the case when UE location information is unavailable, UE detects entering a TA which is not in the registered TAI list based on the information received in SIB1. Network update the broadcast TAC in real time according to the ephemeris and confirm the broadcast TAC is associated with the geographical area covered by the satellite beam. 
Alt.2: For the case when UE location information is available, UE detects entering a TA which is not in the registered TAI list based on the TAC derived from UE side. UE derives the TAC based on the geographical location and the mapping rule between the geographical area and TAC. 
Proposal 2: Agree the text proposal.
4. Text Proposal
<Unchanged text ommitted>
[bookmark: _Toc530645519]8.1	Tracking area management (FFS)
The concept of Registration and Tracking areas pertains in the context of Non-Terrestrial networks, and is similar to NR based cellular system in following aspects:
· a tracking area corresponds to a fixed geographical area.
· tracking areas (TA) is utilized for UE access control, location registration, paging and mobility management.
· a registration area encompasses one or several tracking areas.
The objective is to track the UE, in order to minimize the use of radio resources for paging.
· For scenarios A, B, C1 and D1, the NTN cells are fixed on the ground. Hence a tracking area may correspond to one or several NTN cells. The 3GPP-defined tracking area management and paging procedures can apply as is.
· For scenarios C2 and D2, the NTN cells move on the ground as the satellites move on their orbital planes. This requires some adaptations to the TA management and paging procedure.
Note: For scenarios C1, the TA list and paging messages could be sent by the same gNB to the NTN cell via all satellites covering this NTN cell.
Note: For scenarios D1, the TA list and paging messages could be sent by the gNB on board all satellites covering this NTN cell.
Hence we shall focus the study on scenario C2 and D2 for the idle/inactive mode mobility.
The main idea is to decouple the TA management from the NTN cell pattern. In that case, registration and tracking areas are arbitrary geographical areas defined by the operator. (FFS)
It is assumed that not all UEs are capable of positioning.
For scenario C2 and D2, due to high speed movement of satellite, the serving satellite/beam/cell for an earth stationary UE will be changed every tens of minutes. If 3GPP-defined tracking area management and paging procedures is applied, massive mobility registration update procedures (can also be called as tracking area update, i.e. TAU) will be triggered for UEs in RRC_IDLE since the broadcast TAC will change frequently due to the high-speed movement of satellite. 
To reduce potential frequent mobility registration update procedures as well as heavy paging load due to movement of satellites, an earth fixed tracking area management strategy is introduced in NTN, especially for scenario C2 and D2. 
The following two alternatives should be considered:
Alternative.1: UE location information is unavailable
In scenario C2 and D2, the satellite/satellite beams broadcast a TAC and PLMN ID according to the fixed TAI planning on earth with the similar procedure in NR and update the TAC and PLMN ID when the satellite/satellite beams move out of the planned TAI area fixed on earth. UE listens to the TAI=PLMN ID +TAC information from the system information broadcast by satellite, compares the TAI listened with the TAI list stored in UE and previously assigned by AMF through registration procedure, where TAI list stored may be an empty set before initial registration, and determines to initialize a registration update procedure if the TAI listened is different from any TAI in the TA listed stored in UE. When a registration update procedure is initialized by UE, besides registration type, UE ID, security parameters, last visited TAI etc, a UE assisted TAI list may be sent to AMF as well to assist a UE-specific TAI list assignment in AMF. The UE assisted TAI list is a TAI list based on the UE observation with respect to time and determined by UE, which can be used to minimize both paging load and registration update load simultaneously.


Figure 8.1.1. An example of updating TAC and PLMN ID in real-time for scenario C2 and D2
As shown in Figure 8.1.2, network update the broadcast TAC in real time according to the ephemeris and confirm the broadcast TAC is associated with the geographical area covered by the satellite beam. UE listens to TAI=PLMN ID +TAC and determines to trigger registration area update procedure based on the broadcast TAC and PLMN ID when it moves out of the specific registration area.


Figure 8.1.2.Mobility Registration Update procedure based on the information in system information
Alternative 2: UE location information is available
UE detects entering a TA not involved in current registered TAI list based on the TAC derived in UE side. UE derives the TAC based on the geographical location and the mapping rule between the geographical area and TAC. 
During initial registration, UE derives the TAC based on its geographical position (the mapping rule between the geographical area and the TAC value is kept both on UE side and network side) and reports a list of TAI to network via REGISTRATION REQUEST message. The AMF confirms the reported TAI list and includes a TAI list as a registration area the UE is registered to in the REGISTRATION ACCEPT message.


Figure 8.1.3.Initial registration procedure with TAC derived from UE side 
When UE moves to a new geographical area, UE derives the TAC based on the geographical position and the mapping rule between the geographical area and TAC. If UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered in the CN, a mobility registration update procedure will be triggered. UE reports the TAI list derived by itself to network via REGISTRATION REQUEST message. The AMF may confirm the reported TAI list and include a new TAI list for the UE in the REGISTRATION ACCEPT message. The UE, upon receiving a REGISTRATION ACCEPT message, shall delete its old TAI list and store the received TAI list. If there is no TAI list received, the UE shall consider the old TAI list as valid. 


Figure 8.1.4. Mobility Registration Update procedure based on the TAC derived from UE side 
Alternative 1 can be applied to UE with or without location information while alternative 2 can only be applied to UE with location information.
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