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The WI description for RAN4 work related to NR over NTN was presented in [1]. For the past meetings, RAN4 has made progress in developing core requirements for NTN new features, as well as creating the performance testing configuration and specification to test such requirements. In this WI we aim at providing clarifications and addressing possible inconsistencies in the UE requirements. In the last meeting, RAN4 has agreed to discuss the issue of the interruption time caused by the interval needed for the UE to start the uplink validity timer, T430 [2]:  
	Issue 7: Configuration of HO aspects for HO TC
Agreement
· Further discuss and conclude on the following in RAN4#105:
· RAN4 to decide the best way to deal with the additional delay introduced in the CHO procedure for NTN caused by the cases where the UE has to wait for the epoch time to be reached or re-acquire a new ephemeris information.
· If the UE needs to re-acquire ephemeris information, the handover delay requirements and the time interruption requirements must be extended to account for that.

Issue 8: Configuration of CHO aspects for CHO TC
Agreement
· Further discuss and conclude on the following in RAN4#105:
· RAN4 to decide the best way to deal with the additional delay introduced in the CHO procedure for NTN caused by the cases where the UE has to wait for the epoch time to be reached or re-acquire a new ephemeris information.
· If the UE needs to re-acquire ephemeris information, the handover delay requirements and the time interruption requirements must be extended to account for that.
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Requirements for traditional Handover

The HO requirements for a UE connected to a NTN cell is described in TS 38.133, in Section 6.1C [3]. For this particular issue, the most relevant requirements to be considered are handover delay and handover interruption time. 
· Handover Delay: When the SAC UE receives a RRC message implying handover to NR SAN cell, the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover msec from the end of the last TTI containing the RRC command.
· Interruption Time: If the valid parameters of ephemeris information, epoch time of the ephemeris, common TA, validity timer information, DL and UL Polarization information, , and  for target NR SAN cell are send to UE, the interruption time shall be less than 


At current stage there are some concerns that these requirements need to be revised, as there might be additional delay introduced by the epoch time and T430 concept. According to the definition on 3GPP TS 38.331, the T430 can only be started (or restarted) at epoch time. 

	TS 38.331 [4]

	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.







[bookmark: _Toc118133661][bookmark: _Toc118727726]The timer T430 is not initiated when the SIB19 is provided to the UE, but it can only be initiated at the epoch time corresponding to the satellite assistance information in SIB19.

Moreover, RAN2 has agreed that 
1) the T430 is related to the current serving cell 
	From RAN 2 #119bis agreements [5]:
In TS 38.331 clause 5.2.2.4.21, clarification is needed that ntn-UlSyncValidityDuration and epochTime for the serving cell are applied for serving cell T430. TP in R2-2209852 is considered as the baseline for CR.



2)  the UE is not expected to have two instances of the T430 timer
	From RAN 2 #119 agreements [6]:
“RAN2 does not need to capture T430 for neighbour cells in all RRC states, and it is up to UE implementation on how to re-acquire SIB19 for neighbour cells (e.g. maintain one or multiple timers for serving cell and neighbour cells). UE needs to know information about neighbour cell’s”




3) Upon receiving the HO command the UE must:
a.  stop the running T430 in the serving cell 
b. then start the new T430 for the target cell before performing the Random Access procedure.

	From RAN 2 #119 agreements [6]:
“During HO/CHO execution upon applying target cell configuration, UE should:
	1. Stop the current T430 (if it is running);
	2.	Start T430 for the target cell as indicated by ntn-UlSyncValidityDuration and epochTime of the target cell”



A natural consequence of this signalling design is that when the UE is synchronizing to the target cell following a handover command, the UE must first start timer T430 (for the target cell) at epoch time and then complete the Handover with a RACH success. However, this may not be doable within the handover interruption time. In [4], the handover interruption time is defined as: 

	TS 38.133 Section 6.1C, V17.7.0

The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.
When intra-frequency or inter-frequency handover to NR SAN cell is commanded,
If the valid parameters of ephemeris information, epoch time of the ephemeris, common TA, validity timer information, DL and UL Polarization information, Koffset, and Kmac for target NR SAN cell are send to UE, 
the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Otherwise, no interruption time requirement is applied.
Where:
-	Tsearch is the time required to search the target NR SAN cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = Trs ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.
-	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
-	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
-	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and [x] ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
-	Trs is the SMTC periodicity of the target NR SAN cell if the UE has been provided with an SMTC configuration for the target cell in the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.
In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.4 for inter-frequency handover.




In a step-by-step analysis, the UE then: 

1) Receives the HO Command
2) Performs a search towards the target cell if it is not known (Tsearch)
3) Acquires the SSB of the target cell (PSS, SSS) and performs fine tracking towards the target cell. The added interruption time here is due to the reception of the SSB and dependent on the SMTC configuration (T∆ = Trs). At this stage it is important for the UE to identify the current SFN of the target cell, as the epoch time is related to this. 
4) There is an added margin for the SSB post-processing (Tmargin, up to 2 ms).
5) And then the UE has an additional interval of time (Tprocessing + TIU ) to acquire the next PRACH occasion. And perform the Random Access attempt. 
6) Perform Random Access attempt towards the target cell. At this point the UE must have already initiated the timer T430 and be UL synchronized toward the target cell. This is only possible if the epoch time happens between the end of step 4 and the end of step 5.

[bookmark: _Toc118133662][bookmark: _Toc118727727]After searching for the target cell, and acquiring the SSB related information, the UE has Tprocessing + TIU to initiate the T430 towards the target cell. 

[bookmark: _Toc118133663][bookmark: _Toc118727728]If the UE has not initiated T430 by the end of Tprocessing + TIU  the UE cannot finalize the HO execution within the interval provided in the maximum interruption time requirement.  

Based on this, we propose: 

[bookmark: _Toc118133664][bookmark: _Toc118727729]For traditional HO, assuming the satellite assistance information is provided in the HO command, the current HO interruption time requirements apply to the UE, if the epoch time happens between the end of the time interval represented by Tsearch+ T∆ + Tmargin  and the end of the of the time interval Tsearch+ T∆ + Tmargin  + Tprocessing + TIU after the last TTI containing the HO command plus the RRC procedure delay. If the epoch time happens after this interval, the interruption time must be extended by Tepoch, where Tepoch is the additional time needed until the epoch time is reached.


Requirements for Conditional Handover
The discussion in the previous section, regarding the traditional handover, also applies for the conditional handover requirements. In an equal manner, the UE under a HO procedure must identify the epoch time of the target cell and wait for the epoch time  before performing the Random Access transmission towards the target cell. Hence, we propose:


[bookmark: _Toc118133665][bookmark: _Toc118727730]For conditional HO, the current HO interruption time requirements apply to the UE, if the epoch time happens between the end of the time interval represented by Tsearch+ T∆ + Tmargin  and the end of the of the time interval Tsearch+ T∆ + Tmargin  + Tprocessing + TIU after the last TTI containing the HO command plus the RRC procedure delay. Otherwise, the interruption time must be extended by Tepoch, where Tepoch is the additional time needed until the epoch time is reached.

An additional problem related to the conditional handover is that the event that triggers the HO procedure might happen much later than the RRC message configuring the conditional handover. Depending on the validity timer of the satellite assistance information provided, the information may no longer be valid for the UE. This situation can also happen at traditional HO, but there is higher probability of seeing this at CHO.

[bookmark: _Toc118133666][bookmark: _Toc118727731]For conditional HO, if the time defined by the epoch time is expired when the handover condition is met, the handover delay requirement must be postponed to include the time required for the UE to acquire and apply a new valid epoch time information.   
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In this paper we discussed aspects related to the test configuration for NTN. 
In the paper, the following Observations and Proposals were made:

Observation 1: The timer T430 is not initiated when the SIB19 is provided to the UE, but it can only be initiated at the epoch time corresponding to the satellite assistance information in SIB19.
Observation 2: After searching for the target cell, and acquiring the SSB related information, the UE has Tprocessing + TIU to initiate the T430 towards the target cell.
Observation 3: If the UE has not initiated T430 by the end of Tprocessing + TIU  the UE cannot finalize the HO execution within the interval provided in the maximum interruption time requirement.
Proposal 1: For traditional HO, assuming the satellite assistance information is provided in the HO command, the current HO interruption time requirements apply to the UE, if the epoch time happens between the end of the time interval represented by Tsearch+ T∆ + Tmargin  and the end of the of the time interval Tsearch+ T∆ + Tmargin  + Tprocessing + TIU after the last TTI containing the HO command plus the RRC procedure delay. If the epoch time happens after this interval, the interruption time must be extended by Tepoch, where Tepoch is the additional time needed until the epoch time is reached.
Proposal 2: For conditional HO, the current HO interruption time requirements apply to the UE, if the epoch time happens between the end of the time interval represented by Tsearch+ T∆ + Tmargin  and the end of the of the time interval Tsearch+ T∆ + Tmargin  + Tprocessing + TIU after the last TTI containing the HO command plus the RRC procedure delay. Otherwise, the interruption time must be extended by Tepoch, where Tepoch is the additional time needed until the epoch time is reached.
Proposal 3: For conditional HO, if the time defined by the epoch time is expired when the handover condition is met, the handover delay requirement must be postponed to include the time required for the UE to acquire and apply a new valid epoch time information.
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