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1 Introduction

Time-based CHO for NTN is currently part of the XnAP BL CR [1]. Depending on deployment, there may be cases where, due to the longer propagation delays in NTN, the UE arrives in the target cell when the target gNB has already released the prepared resources.

In this contribution we will further analyze such scenario and propose how to address it.

2 Discussion
When considering CHO in NTN, the following can be considered as main challenges:

· Moving satellites, resulting in moving or switching cells with limited service times.

· Long propagation delays, ranging from several ms (LEO) to hundreds of ms (GEO).
· When a cell is passed on from one satellite to another, all served UEs need to be handed over in a short time, resulting in higher resource load (signaling, random access processing, etc.).

The Handover Window Duration IE sent from source gNB to target gNB [1] is as defined in RRC. This means that the handover time window as configured by the source gNB and provided to the target gNB is the the same as the duration-r17 field configured and sent to the UE in the RRC handover command. This, in turn, implies that the handover time window will expire at the same time in the UE and in the target gNB if the window is started at the same UTC (configured in the t1-Threshold-r17 RRC field to the UE and in the Handover Window Start IE to the candidate target gNB).
This works well when CHO is triggered e.g. in the beginning of the configured handover time window but may cause an issue if it is triggered near the end of the time window. If the UE triggers CHO to the candidate target cell just before the handover time window expires, the propagation delays in NTN (due to the long distance between the UE and the gNB) may result in the UE accessing the target cell after the target gNB has already released the prepared resources
.
Consequently, if the allocated resources are released in the target gNB immediately at expiry of the handover time window, the UE may not be recognized by the target gNB if the CHO is triggered just before the expiry of the time window. If this happens, the RA procedure might need to be restarted, the target gNB might request a connection re-establishment, or the connection might lead to reduced or no service, or a dropped connection
.

Observation 1: Since the exact time window is configured in both the UE and the target gNB, if the handover is triggered near the end of the time window the UE may end up accessing the target cell after the target gNB has already released the prepared resources.
Observation 2: This depends on propagation delays due to the long distance between UE and gNB and may also vary with cell size according to deployment.
Proposal 1: RAN3 should further discuss and acknowledge this issue.
A possible way to address this issue and avoid delays or dropped connections upon accessing the target cell would be to allow an additional “safety” time margin at the target, during which it will keep waiting for the UE to appear, and the prepared resources will not be released. 
The time margin considered by the candidate target gNB may take into account the maximum time for the UE to complete the CHO execution phase: this corresponds to the handover supervision timer T304, configured by the target gNB and sent to the UE in the handover command message (as defined in [2])
. 
Proposal 2: The candidate target gNB may consider an additional “safety” time margin, (corresponding to the handover supervision timer T304 it has configured for the UE) during which the prepared resources for the UE will not be released.

It seems beneficial to signal the configured time margin from the candidate target gNB to the source gNB in the HANDOVER REQUEST ACKNOWLEDGE message (within the Conditional Handover Information Acknowledge IE). The source may take it into account as the time the target intends to keep the allocated resources for CHO after the configured time window has expired.
Proposal 3: The target gNB may signal the configured time margin (T304 configured for the UE) in the HANDOVER REQUEST ACKNOWLEDGE message, within the Conditional Handover Information Acknowledge IE; the source may take it into account as the time the target intends to keep the allocated resources for CHO for the UE after the configured time window has expired.
According to the above proposal, Table 1 shows a possible tabular for the Conditional Handover Information Acknowledge IE within the HANDOVER REQUEST ACKNOWLEDGE message (Sec. 9.1.1.2 of [3]). Proposed additions are shown in red.
	Conditional Handover Information Acknowledge
	O
	
	
	
	YES
	reject

	>Requested Target Cell ID
	M
	
	Target Cell Global ID
9.2.3.25
	Target cell indicated in the corresponding HANDOVER REQUEST message
	–
	

	>Maximum Number of CHO Preparations
	O
	
	9.2.3.101
	
	–
	

	>CHO Time Margin at Target
	O
	
	ENUMERATED (ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000, ...)
	Corresponds to t304 as defined in TS 38.331 [10]
	–
	


Table 1 CHO time margin at target added to the Conditional Handover Information Acknowledge IE in the HANDOVER REQUEST ACKNOWLEDGE message [3].
In principle, also the source gNB could optionally suggest a time margin to the target gNB within the CHO signaling. Such time margin would represent the time before the candidate target gNB may release the allocated resources associated with the UE for the CHO configuration. Consequently, the candidate target may release the allocated resources when the indicated time margin expires, without having to wait for a potential release or a HANDOVER CANCEL message.

The time margin suggested by the source would take into account e.g. the estimated transmission time or propagation delay between the UE and the candidate target gNB, the RTT between the UE and the candidate target gNB, or the estimated time of completion of the CHO execution phase
.
Proposal 4: The source gNB may optionally suggest a time margin to the target gNB within the Conditional Handover Time Based Information IE in the HANDOVER REQUEST message; the candidate target may release the allocated resources at the expiration of the indicated time margin.

According to the above proposal, table below shows a possible tabular for the Conditional Handover Information Request IE within the HANDOVER REQUEST message (Sec. 9.1.1.1 of [3]). Proposed additions are shown in red.
	>Conditonal Handover Time Based Information
	O
	
	
	This IE only applies to NTN.
	
	

	>>Handover Window Start
	M
	
	INTEGER (0..549755813887)
	Corresponds to t1-Threshold-r17 defined in TS 38.331 [10]
	–
	

	>>Handover Window Duration
	M
	
	INTEGER (1..6000)
	Corresponds to duration-r17 defined in TS 38.331 [10]
	–
	

	>>Time Margin
	O
	
	ENUMERATED (ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000, ...)
	
	-
	


Table 2 CHO time margin added to the Conditional Handover Time Based Information IE in the HANDOVER REQUEST message [3].
The target gNB may decide to overrule the value it receives from the source, in which case it sends back the selected value in the HANDOVER REQUEST ACKNOWLEDGE MESSAGE (see Proposal 3 above).
Proposal 5: The target gNB may decide to overrule the value it receives from the source, in which case it sends back the selected value in the HANDOVER REQUEST ACKNOWLEDGE message (see Proposal 3 above).

RAN3 is separately discussing whether to signal the parameters for time-based triggering condition for NG handover. In principle, the above proposals seem beneficial also for the NG handover case, and if this issue is acknowledged should be added to the discussion on time-based NG HO for NTN.

Proposal 6: Signaling the time margin for time-based HO between source and target seems beneficial also for the time-based HO for NGAP; these proposals should be added to that discussion.
3 Conclusions and Proposals
Our proposals are summarized below. If the issue is acknowledged by RAN3, we will prepare the corresponding XnAP and NGAP TPs.
Observation 1: Since the exact time window is configured in both the UE and the target gNB, if the handover is triggered near the end of the time window the UE may end up accessing the target cell after the target gNB has already released the prepared resources.

Observation 2: This depends on propagation delays due to the long distance between UE and gNB and may also vary with cell size according to deployment.
Proposal 1: RAN3 should further discuss and acknowledge this issue.
Proposal 2: The candidate target gNB may consider an additional “safety” time margin, (corresponding to the handover supervision timer T304 it has configured for the UE) during which the prepared resources for the UE will not be released.

Proposal 3: The target gNB may signal the configured time margin (T304 configured for the UE) in the HANDOVER REQUEST ACKNOWLEDGE message, within the Conditional Handover Information Acknowledge IE; the source may take it into account as the time the target intends to keep the allocated resources for CHO for the UE after the configured time window has expired.
Proposal 4: The source gNB may optionally suggest a time margin to the target gNB within the Conditional Handover Time Based Information IE in the HANDOVER REQUEST message; the candidate target may release the allocated resources at the expiration of the indicated time margin.

Proposal 5: The target gNB may decide to overrule the value it receives from the source, in which case it sends back the selected value in the HANDOVER REQUEST ACKNOWLEDGE message (see Proposal 3 above).

Proposal 6: Signaling the time margin for time-based HO between source and target seems beneficial also for the time-based HO for NGAP; these proposals should be added to that discussion.
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� More precisely, the prepared resources might be released before the UE has identified itself in the target gNB with a CFRA preamble or with the C-RNTI included in the RRCReconfigurationComplete message.


� If the target gNB does not recognize the CFRA preamble, the RA procedure may need to be restarted, causing an access delay for the UE. Alternatively, if the C-RNTI included in the handover complete message is not recognized, the target gNB may respond by either sending a RRCReestablishmentRequest message or a RRCSetupRequest message to request a re-establishment of the connection to the UE. This will result in an even longer access delay for the UE. Alternatively, the target gNB might have allocated the resources (CFRA preamble or C-RNTI) to another UE after expiry of the handover time window. This might lead to reduced service or no service at all for the UE, or in the worst case a dropped call.


� The T304 timer is started in the UE upon conditional reconfiguration execution, i.e. when applying a stored RRCReconfiguration message which includes reconfigurationWithSync, and is stopped upon successful completion of the random access procedure in the target cell � REF _Ref127120859 \r \h ��[2]�.


� e.g. up to and including reception of the RRCReconfigurationComplete message constituting the handover complete message.





