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Abstract of the contribution: This paper provides to update the solution to enable UEs accessing new detecting RAT type in a randomizing way, resolve the editor’s note and self-evaluation to solution 7. 
This paper also includes the concept of satellite user prioritization, text in yellow highlighted.
Discussion 
This paper provides to update the solution to enable UEs accessing new detecting RAT type in a randomizing way, resolve the editor’s note and self-evaluation to solution 7.
The DCW timer is proposed to be calculated as:

DCW timer = (T2-T1) + DCW value (i.e. random value in DCW range),
where the “T2-T1” equals to the discontinuous coverage period if the UEs remain in no service. This paper is proposed to update the usage of “T2-T1” if UEs detect new RAT type and still keep the randomization way when accessing the target RAT. Generally, there are 3 options after UEs lose coverage:

· UEs remain in no service in the discontinuous coverage period and resumes coverage when the same satellite or same plane orbiting satellite comes to offer the coverage. The “T2-T1” period equals to the discontinuous coverage period.
· UEs detect new RAT type that belongs to the same PLMN and RAN attempts to handover the UEs to the new RAT type. The RAT type can be satellite or terrestrial. The “T2-T1” period will be set to “0”.
· UE detects new RAT type that belongs to different PLMN and UE deregisters the current PLMN and registers new RAT type PLMN. The RAT type can be satellite or terrestrial. The “T2-T1” will be set to “0”.
By adjusting the value of “T2-T1”, the DCW timer can be used in both the UEs remaining in no service and the UEs accessing new RAT type in a randomizing way.
There is editor’s note mentioning whether the geographical distribution is sufficient for randomization with steerable beam offering Quasi-earth-fixed satellite is FFS. Based on the pre-assumption of categories on NGSO satellites as defined in TR38.821, clause 4.2 NOTE 1: “steerable Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite”, it is reasonable to assume that by steering the beams, this quasi-earth-fixed satellite can provide fixed beam coverage, i.e. no randomization can be provided by this quasi-earth-fixed kind of satellite considering coverage resuming. It is proposed to delete the EN.
Proposal

It is proposed to update TR 23.700-28 as follows:
**** First Change ****

6.7
Solution #7: Utilizing discontinuous coverage wait timer for satellite discontinuous coverage scenario
6.7.1
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 untilthe coverage recovers, and when the UEs detect new RAT type, how to reduce the impact on the target system. The considered 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 as defined in TS38.300 [12]. For the new detecting RAT type, if the RAT type is MEO/LEO satellite, only Quasi-earth-fixed satellite is considered because the geographical UE distribution cannot provide surfficient randomization. It is assumed that terrestrial RAT type and GEO satellite providing RAT type is similar with Quasi-earth-fixed satellite that provides insurfficient randomization, i.e. only MEO/LEO satellites that sweeping the beam on the earth is assumed to provide enough randomization.
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 3 parts:

DCW timer = (T2-T1) + DCW value (i.e. random value in DCW range) + offset (optional)
-
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). For the case of UEs detecting new RAT type and deciding to access it, the discontinuous period “T2-T1” will be set to “0”.
-
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. 
-
[Optional] The offset, is provided by the AMF to distinguish the accessing priorities of users. E.g. for higher priority users, the offset can be 0; for lower priority users, the offset can be a fixed value, e.g. 1s, to give the higher priority users more chance to access. 
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, the Periodic Registration Update procedure, the Service Request procedure, the Mobility Registration Procedure will arrive in a random way, as shown in Figure 6.7.1-1.
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Figure 6.7.1-1: Random 5G NAS signalling with DCW timer


6.7.2
Procedures
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Figure 6.7.2-1: High-level Procedure for utilizing DCW timer

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 1:
The provision of how the satellite broadcasts its ephemeris data depends on RAN work group discussion.

NOTE 2:
The NTN RAN is assumed to be a Quasi-earth-fixed satellite as defined in TS 38.300 [12].

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.

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.

2a.
The discontinuous coverage period starts, the UE and/or RAN may release the AN resources.
2b.
When the UE detects the discontinuous coverage starts, the UE triggers the DCW timer.

3.
The DCW timer expires.
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.

6.7.3
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.
-
Detect the discontinuous coverage period start
-
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.

6.7.4
Solution Evaluation
The proposed solution introduces a “wait range” for the UEs that experience discontinuous coverage by the MEO/LEO satellite(s). There are 2 kinds of MEO/LEO satellite regarding the beam steerability. The non-steerable beam offering MEO/LEO, whose beam sweeps on the earth surface is considered to provide sufficient randomization (around 7.5 km/s speed) based on the geographical distribution of UEs. However, the steerable beam offering MEO/LEO that provides fixed beam foot print may not produce randomization for the UEs, which needs the “wait range” to reduce the overload impact on both RAN and AMF. 
Existing solutions for randomizing access are supported, e.g. when IDLE UEs start AS level random access procedure, which results in throttling of UE access attempts on AS level before NAS messages can be sent.  
The NAS level “wait range” will randomize the UEs when accessing the same MEO/LEO satellite coverage and accessing new detected RAT type to initiate NAS procedure.
The UEs remaining in no service is more common compared to the others, as satellite provides service usually in rural area or hard to reach area than in terrestrial area where there is terrestrial coverage. In this situation, the DCW timer can also reduce the UE power consumption during discontinuous coverage period. However, if the UEs leave this satellite coverage area during the discontinuous period and the DCW timer is running, the UEs should disable the DCW timer to access a new target system.
There is also advantage regarding providing differentiated priority accessing mechanism for satellite users. The additional offset provides a fixed value of differed accessing for lower priority users.
**** End of Changes ****
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