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1	Introduction
RAN2 did send an LS to RAN1 in R2-2211048 [1] stating:
Regarding RAN1’s agreement on serving cell’s Epoch time referring to the current SFN or the next upcoming SFN after the frame where the message indicating the Epoch time is received, RAN2 has discussed and thinks that there could be an issue with latency (e.g. for initial access) when Epoch time points to a future time and validity timer has not started.
To solve this issue, RAN2 kindly requests RAN1 to provide feedback on whether:
1. backwards propagation of satellite assistance information is needed, or
2. Epoch time for serving cell can point to a time in the past (for example, if Epoch time for serving cell will always refer to a frame nearest to the frame where the message indicating the Epoch time is received), or
3. this can be addressed by setting the Epoch time properly by the network (i.e. no spec changes).
Note that in RAN2 there is no consensus on which above option will solve the issue or can only mitigate the issue
In this contribution we would like to confirm what the expected UE behavior is for the different possibilities when a UE is handed over from one cell to another.
2	Expected behaviour
In this section we describe our understanding of the expected behaviour of the UE during handover related to T430 for three different ways the timer can be initiated. These cases are based on two principles:
· Backwards propagation of ephemeris and corresponding increased T430, i.e. the timer can be started before the related epoch time as propagation conditions are symmetric, meaning the assistance information can be used before the epoch timer.
· Reduced T430, meaning the assistance information is read at a later time than the epoch time and the T430 is reduced to take the time to the epoch time into account.
We focus on the following three cases:
1. No increased T430 and no reduced T430
2. Reduced T430 
3. Increased T430
2.1	The problem of larger HO delays in current T430 configuration
In this considered case there is no increased T430 and no reduced T430. There are two ways for the UE to acquire the satellite assistance information from the target cell (including the epoch time) in a handover procedure: 
A. The information is passed by the NW to the UE within the HO command
B. The UE acquires the SIB19 from the target cell (by listening to the target cell of via the neighbour cell config list). 
In order to execute the HO command, the UE can only attempt the Random Access towards the target cell after T430 is running, indicating the UE is sync. But the current configuration for the timer T430 states that it can only be started at the epoch time. As shown in the box below:
	From TS 38.331, Section 7 [2]

	Timer
	Start
	Stop
	At expiry

	T430
	Start or restart from the subframe indicated by epochTime upon reception of SIB19
	
	Perform the actions as specified in 5.2.2.6.






But for both cases, A and B, there is an additional HO delay causing very long interruption times at the HO:
For A) the UE has the epoch time and satellite assistance information but cannot apply it until the epoch time is reached, because the UE cannot attempt Random access without a validity timer running for that cell. 
For B) the delay is even longer than mentioned above. As depicted in Figure 1, the UE must first acquire the SIB19 from the target cell and only then UE starts the waiting timer until the epoch time before initiating a RA attempt. This is likely to be the case for several scenarios where CHO is applied.
In a worst case scenario, the epoch time acquired by the UE has already passed, and the HO delay is further increased, as the UE needs to acquire a new valid ephemeris information. 
[image: ]
[bookmark: _Ref117853679]Figure 1 Illustration of procedure when no backwards propagation of T430 and no reduced T430 is allowed
Proposal 1: RAN2 to confirm this excessive delay-prone behaviour if no backwards propagation of T430 and no reduced T430 is allowed.

2.2	Advantages of allowing a “reduced” T430
The advantage of using reduced T430 is to avoid the impact observed by the UE when the epoch time has already passed by the time the HO execution is reached.
To explain the advantage of allowing a late initiation of the T430 (i.e. a reduced T430) we address the scenario B) on the previous section.  The procedure during handover for this case can be seen in Figure 2 , and is described as follows:
· The UE proactively acquires the SIB19 of the target cell and store it together with the related epoch time (valid for both scenarios A and B).
· When the handover command is received the UE processes the information, and assuming the ephemeris information is still valid, i.e., the HO event happens between the time between the epoch time and the epoch time + validity timer, the UE initiates the T430. This enables the UE to perform RACH access to the target cell at the next opportunity. In this case the duration of T430 is reduced to the remaining time based to reach the epoch time + validity timer. 
The main advantage of this solution is that the handover delay and the interruption of the user plane data may be significantly reduced.
[image: ]
[bookmark: _Ref117854487]Figure 2 Illustration of procedure when reduced T430 is allowed
Proposal 2: RAN2 to confirm that the UE may reduce T430 and initiate it after epoch time, while the information is still valid.
Proposal 3: RAN2 to confirm reduced T430 is allowed and update the corresponding text in 38.331.
[bookmark: _Hlk118285786]2.3	Advantages of allowing an increased T430
The advantage of allowing an increased version of T430 is to avoid the waiting times between the triggering of the HO execution and the epoch time. 
To explain the advantage of allowing an early initiation of the T430 (i.e. an increased T430) we address the scenario B) on the previous section. The procedure during handover for this case can be seen in Figure 3, and is described as follows:

· The UE acquires the SIB19 of the target cell. The UE identifies that the related epoch time is further ahead in the future.
· When the handover command is received, by using the symmetrical properties of the orbit around the ephemeris, the UE is enabled to perform RACH access to the target cell at the next opportunity. Just before it will apply the assistance information and start the T430 by propagating the ephemeris information backwards. In this case the T430 timer can be increased by an interval equal to the present point in time and the epoch time, as long as this interval is not longer than the total duration of the validity timer. 
In this solution it pays itself to have the epoch time in the future, separated from the SIB19 itself. Advantage of this solution is the SIB19 can be sent less often, while keeping the small handover delay, as in section 2.2. 
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[bookmark: _Ref117856499]Figure 3 Illustration of procedure when backward propagation of T430 is allowed
Proposal 4: RAN2 to confirm the behaviour of increased T430 is allowed.
2.4	Implicit epoch time indication
In the RRC description of the satellite assistance information elements, the field describing the epoch time indicates that it can be explicitly or implicitly indicated. When the epoch time is implicitly indicated, it corresponds to the end of the current SI-Window where SIB19 was transmitted. 
	epochTime
Indicate the epoch time for the NTN assistance information. When explicitly provided through SIB, or through dedicated signaling, EpochTime is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point. If this field is absent, the epoch time is the end of SI window where this SIB19 is scheduled. This field is mandatory present when provided in dedicated configuration. If this field is absent in ntn-Config provided via NTN-NeighCellConfig the UE uses epoch time from the serving satellite ephemeris, otherwise the field is based on the timing of the serving cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the serving cell. In case of handover, this field is based on the timing of the target cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the target cell. This field is excluded when determining changes in system information, i.e. changes to epochTime should neither result in system information change notifications nor in a modification of valueTag in SIB1.



However, this might be a problem when short SI-Windows are used or when the SIB occasion being read by the UE is close to the edge of the SI-Window. This is depicted using a SI-Window of 5 ms as example in Figure 4. There are 3 SIB19 occasions within this window. The last one is too close to the edge of the SI-Window, and the UE might not be able to react in time to start the T430 at epoch time. In fact, for this example, even the two first occasions might be out of feasibility for UE processing intervals. As for all other RRC procedures, RAN2 needs to account for processing delays in the acquisition of satellite assistance information. 

[image: ]
[bookmark: _Ref118288690]Figure 4 Example of SIB19 transmissions with implicit indication of epoch time in a SI-Window of 5 ms. 
Proposal 5: RAN2 to account for processing delays in the acquisition of satellite assistance information in SIB19, and update the implicit indication of epoch time: “If this field is absent, the epoch time is the end of the SI window where this SIB19 is scheduled plus UE processing interval”.
3	Conclusion
This document has made the following observations and proposals:
Proposal 1: RAN2 to confirm this excessive delay-prone behaviour if no backwards propagation of T430 and no reduced T430 is allowed.
Proposal 2: RAN2 to confirm that the UE may reduce T430 and initiate it after epoch time, while the information is still valid.
Proposal 3: RAN2 to confirm reduced T430 is allowed and update the corresponding text in 38.331.
Proposal 4: RAN2 to confirm the behaviour of increased T430 is allowed.
[bookmark: _Toc116995849]Proposal 5: RAN2 to account for processing delays in the acquisition of satellite assistance information in SIB19, and update the implicit indication of epoch time: “If this field is absent, the epoch time is the end of the SI window where this SIB19 is scheduled plus UE processing interval”.
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