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1	Introduction
Release 18 brings the feature of satellite switch with re-synchronization, also denoted as unchanged PCI, for Earth moving cells, allowing a UE to efficiently switch between two satellites covering the same cell. The feature can be configured in two different types: soft and hard switch. Namely, the soft switch happens between the determined duration of t-ServiceStart and t-Service. As of the first release 18 RRC specification 38.331 one open issue is mentioned in the Editor’s note reflected below:
	Editor’s Note: FFS whether in the soft-switch scenario a UE can obtain DL synchronization from the target satellite without losing UL synchronization to the source satellite.


Furthermore, the issue on the exact satellite switch time in UE was raised during the ASN.1/RRC review.
	[RIL]: H001 [Delegate]: Huawei (Lili) [WI]: NTN [Class]: 1 [Status]: ToDo [TDoc]: R2-24xxxxx [Proposed Conclusion]: v122
[Description]: UE should switch to new satellite upon t-Service, rather than leaving the NW unaware of the exact switching time
[Proposed Change]: If the network does not know when the UE switches to the target satellite, the target satellite does not know when to start scheduling the UE, either too early (wasting resources) or too late (degrading performance).
Before t-Service, the UE can remain connected with source satellite, there is no extra benefit if the UE switches to target satellite earlier (start synchronizing in advance is ok, because it may reduce switching time)
Solution:
perform the satellite switch with resynchronization as specified in 5.7.19 between the time indicated by t-ServiceStart and at the time indicated by t-Service for the serving cell
[Comments]: [Ericsson - Ignacio] We agree that the start and end of the unchanged PCI switch should be better defined. It needs to be further discussed online.



2	Discussion
2.1	Soft Satellite Switch
Soft satellite switch strives to bring reduced signalling overhead and simplifies RRC procedures as the working principle is, that the serving gNB and the cell is not switched upon a new satellite taking over the coverage area. Since the UE in such case is not required to perform a handover procedure and the majority of the cell configuration can be kept, the satellite switching can be perceived as transparent to the UE.
In RAN2#124, the below baseline procedure was agreed based on an offline discussion lead by Apple in R2-2313877.
[image: A diagram of a computer

Description automatically generated]
Figure 1 Figure-1 in R2-2313877
According to the figure, a UE will conduct the following steps during a soft-satellite switch:
1. At t-switch (i.e., any time between t-ServiceStart and t-Service), the UE suspends UL operations towards the source satellite (i.e., UL sync loss),
2. Upon DL sync acquisition, the UE applies new timing and frequency pre-compensation and resumes UL synchronization towards the target satellite (this can occur before, at or after t-Service)
a. For 1st UL transmission the UE triggers TA reporting scheduling request (TAR-SR) via PUCCH SR or CG/DG
b. If TimeAlignmentTimer (TAT) expires, the UE fallbacks to RACH-based access.
As seen in the above, the procedure only specifies that the UE can apply the target satellites timing and start PDCCH monitoring at any time between t-ServiceStart and t-Start. Allowing this to be up to the UE implementation may lead to inefficiency in the scheduling mechanism, as well as leading to increase system interference as the two satellites coverage is overlapping while the UE and NW may have different understanding on the resync time to target satellite. A conservative network may even choose not to schedule any UEs during the gap, and only start scheduling UEs at the end of the overlap.
Observation 1: If left to UE implementation, the network is unaware of when a UE triggers the resynchronisation towards the new satellite during a soft satellite switch.
Apart from the interference issue, if the UEs choose to do the resync simultaneous e.g. at the exact moment of t-Service it will potentially induce a sudden burst of simultaneous scheduling requests, or an overload of PUSCH allocations for e.g. TA reporting.
Observation 2: Alignment between the resynchronisation performed by the UE may lead to poor network performance due to e.g. a sudden burst of SR.
As to achieve the expected performance gain of soft satellite switching, it be reasonable to define behaviour that mitigates the ill-effects i.e. due to a network resource overload. To do this, the network could assist the distribution of a UEs first transmission after a soft satellite switch, while at the same time ensuring the network knows when UEs are switching.
Observation 3: Delaying first UL transmissions of all UEs at t-Service may cause NW overload and worse UE experience.
Proposal 1: RAN2 to modify agreement in RAN2#123bis with the following:
· For soft satellite switching, the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is at least assisted by NW implementation.
One method to ensure no sudden burst of SR could be to define a set of rules aligned between network and UE in order to determine the time in which a UE performs its first UL transmission. Such rule could be i.e. based on the UE ID, and be defined per a single UE, or a group of UEs. Another solution could be to indicate the a satellite ID in the DCI, such that it is when the UE acquires and allocation with a different ID than the satellite ID belonging to the source satellite it will perform resync. As to simplify this, instead of using the satellite ID, the network could also indicate i.e. in the DCI that the resource allocation is the last over the source satellite and therefore trigger the network resync procedure.
Proposal 2; RAN2 to discuss a solution to so NW and UE can determine the time for the first UL transmission based on the following options:
Option 1: using a formula i.e. T=floor((t-Service - t-ServiceStart)/N)*(C-RNTI mod N) with N being an indication of a UEs group
Option 2: based on indicated satellite ID or change of satellite ID
Option 3: NW indication of the current transmission being the last transmission over the source satellite
3	Conclusion
Observation 1: If left to UE implementation, the network is unaware of when a UE triggers the resynchronisation towards the new satellite during a soft satellite switch.
Observation 2: Alignment between the resynchronisation performed by the UE may lead to poor network performance due to e.g. a sudden burst of SR.
Observation 3: Delaying first UL transmissions of all UEs at t-Service may cause NW overload and worse UE experience.
Proposal 1: RAN2 to modify agreement in RAN2#123bis with the following:
· For soft satellite switching, the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is at least assisted by NW implementation.
Proposal 2: RAN2 to agree that network should be able assist the UE in determining a time within the time period to perform the first UL transmission.
Proposal 2; RAN2 to discuss a solution to so NW and UE can determine the time for the first UL transmission based on the following options:
Option 1: using a formula i.e. T=floor((t-Service - t-ServiceStart)/N)*(C-RNTI mod N) with N being an indication of a UEs group
Option 2: based on indicated satellite ID or change of satellite ID
Option 3: NW indication of the current transmission being the last transmission over the source satellite
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