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Abstract: This contribution proposes a solution to address the technical issues in both Key Issue #1 and Key Issue #2.
1. Introduction/Discussion
The solution proposed is attempting to address the technical issues mentioned partially in Key Issue #1 and in Key Issue #2. For KI#1, the solution aims to solve the scenario when the UEs have to remain with no service and when the coverage recovers how to reduce the impact on the target system, as the yellow highlight parts.

	a)
Study how UE determines that it has to remain with no service or it has to attempt to register on available different RAT's/ PLMNs to receive the normal service during discontinuous coverage in current NTN RAT.

NOTE:
Consider dependencies with RAN2 and CT1 since inter-RAT selection and PLMN selection related specifications are in control of RAN2 and CT1.

b)
Study how to reduce the impact to target RAT or system due to large number of UEs triggering signalling load on the target RAT or system to receive normal service.


· When the UEs (in CM-IDLE state) using an NTN RAN that provides discontinuous coverage in the same geographical area lose coverage, and the discontinuous coverage period is larger than the CN assigned Periodic Registration Update timer, the UEs may simultaneously initiate the Periodic Registration Update procedure when they recover to be in coverage (i.e. the same satellite is steered to serve the same area) due to the expiration of Periodic Registration Update timer. Signalling overload will occur. 
· When the UEs (in CM-IDLE state) using an NTN RAN that provides discontinuous coverage in the same geographical area lose coverage, and the discontinuous coverage period is larger than the CN assigned Periodic Registration Update timer, the UEs may have some buffered uplink data to deliver when they recover to be in coverage (i.e. the same satellite is steered to serve the same area) and simultaneously initiate the service Request procedure and Periodic Registration Update procedure and. Signalling overload will occur. 

· When the UEs (in CM-CONNECTED state) using an NTN RAN that provides discontinuous coverage in the same geographical area lose coverage, there will be UL traffic ongoing and the UEs may simultaneously initiate the Service Request procedure when they recover to be in coverage (i.e. the same satellite is steered to serve the same area). Signalling overload will occur.
Besides, the UEs may also attempt to send 5G NAS signalling to 5G CN to receive the normal service in the period of discontinuous coverage. The attempts will further consume the UE’s power. Therefore, in this proposal, a new timer named discontinuous coverage wait (DCW) timer is proposed to resolve the above-mentioned issues. The DCW timer consist of two parts:

· The discontinuous period, that is used to ensure the UEs do not initiate any 5G NAS signalling to 5G CN within this period;

· The DCW value, that used to ensure the UEs accessing the 5G CN in a random way after the discontinuous period.
2. Proposal
It is proposed to add the following solution for Key Issue #1 and Key Issue #2 to 3GPP TR 23.700-28.
* * * * First change * * * *
6.0
Mapping of solutions to key issues

Editor's note:
This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of solutions to key issues
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* * * * Second change (All new) * * * *
6.X
Solution #X: Utilizing discontinuous coverage wait timer for satellite discontinuous coverage scenario
6.X.1
Description
This is a candidate solution for part of Key Issue #1 and Key Issue #2. For KI#1, the solution aims to solve the scenario when the UEs have to remain with no service and when the coverage recovers how to reduce the impact on the target system, i.e. the NTN RAN is the Quasi-earth-fixed satellite that offers the coverage in a limited period in the same geographical area by steering the beam. 
This solution proposes to introduce a new timer, named discontinuous coverage wait (DCW) timer, to address both the signalling overload situation and the power saving situation when UEs are using access type and/or RAT type that offer discontinuous coverage, especially
· When the UEs (in CM-IDLE state) using an NTN RAN that provides discontinuous coverage in the same geographical area lose coverage, and the discontinuous coverage period is larger than the CN assigned Periodic Registration Update timer, the UEs may simultaneously initiate the Periodic Registration Update procedure when they recover to be in coverage (i.e. the same satellite is steered to serve the same area) due to the expiration of Periodic Registration Update timer. Signalling overload will occur. 

· When the UEs (in CM-IDLE state) using an NTN RAN that provides discontinuous coverage in the same geographical area lose coverage, and the discontinuous coverage period is larger than the CN assigned Periodic Registration Update timer, the UEs may have some buffered uplink data to deliver when they recover to be in coverage (i.e. the same satellite is steered to serve the same area) and simultaneously initiate the service Request procedure and Periodic Registration Update procedure and. Signalling overload will occur. 

· When the UEs (in CM-CONNECTED state) using an NTN RAN that provides discontinuous coverage in the same geographical area lose coverage and there is UL traffic ongoing, the UEs may immediately initiate the Service Request procedure when they recover to be in coverage (i.e. the same satellite is coming to serve the same area). Signalling overload will occur.

The DCW timer consists of two parts:

DCW timer = (T2-T1) + DCW value (i.e. random value in DCW range)

· The discontinuous period (T2-T1), used to ensure the UEs do not initiate any 5G NAS signalling to 5GCN within this period. The period value is calculated by the UE based on the RAN broadcasting satellite ephemeris data, e.g. time information on when the ongoing satellite is to end serving the area (e.g. T1) and when the incoming satellite is to start serving the area (e.g. T2).
· The DCW value, is used by the UE to determine how long to wait before triggering the 5G NAS signalling after the discontinuous period. The DCW value is generated within a DCW range that is provided by 5G CN via Registration procedure or UE Configuration Update procedure.
While the timer is running, the UE shall not initiate any 5G NAS signaling to 5G CN.
Upon the expiration of the DCW timer, the UE shall initiate the 5G NAS signalling. From the perspective of 5G CN, either the Periodic Registration Update procedure and/or the Service Request procedure will arrive in a random way, as shown in Figure 6.X.1-1.
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Figure 6.X.1-1: Random 5G NAS signalling with DCW timer.

Editor’s Note: Whether the geographical distribution is sufficient for randomization with steerable beam offering Quasi-earth-fixed satellite is FFS.
6.X.2
Procedures


[image: image2.emf]UE

(R)AN AMF

1. Determination of 

DCW timer

0a. Satellite ephemeris 

data boradcasting

4a. 5G NAS signaling (e.g.Periodic 

Registration Update or Service Request)

2b. DCW timer starts

3. DCW timer expires

0b. DCW range provision


Figure 6.X.2-1: High-level Procedure for utilizing DCW timer
Step 0a. The NTN RAN broadcasts its satellite ephemeris data, from which UE can determine when the coverage will lose (i.e. T1) and when the coverage will recover (i.e. T2).

NOTE: The provision of how the satellite broadcasts its ephemeris data depends on RAN work group discussion.
NOTE: The NTN RAN is assumed to be a Quasi-earth-fixed satellite as defined in TS38.300.

Step 0b. The AMF determines the DCW range based on the operator policy and provides the DCW range to the UE via Registration procedure or UE Configuration Update procedure. 
Step 1. The UE generates DCW value based on the received DCW range and determines the DCW timer based on both the generated DCW value and satellite ephemeris data.
Step 2a. The AN Resources are released between UE and NTN RAN, and the discontinuous coverage period starts.
Step 2b. When the UE detects the AN resource is released, the UE triggers the DCW timer.
Step 3. The DCW timer expires.
Step 4. The UE initiates to send the 5G NAS signalling to the AMF. The 5G NAS signalling can be used to establish the Periodic Registration Update procedure and/or Service Request procedure.
6.X.3
Impacts on services, entities and interfaces
NTN RAN: 
· Broadcast satellite ephemeris data that includes e.g. time information on when the ongoing satellite is to end serving the area (e.g.T1) and when the incoming satellite is to start serving the area (e.g. T2).
UE: 
· Receive the DCW range
· Receive satellite ephemeris data

· Generate DCW value within the range of DCW range

· Calculate DCW timer based on both the generated DCW value and satellite ephemeris data
· Run the DCW timer

AMF:

· Send DCW range to the UE via Initial Registration procedure or UE Configuration Update procedure.
· Determine the DCW range based on the operator policy
* * * * End of change * * * *
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