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1 Introduction

In past meetings, RAN3 discussed the issue of time delay in CHOs for NTN.
In some cases, depending on deployment, due to the longer propagation delays in NTN, the UE might arrive at a target cell when the target gNB has already released the prepared resources. RAN3 acknowledged this issue at RAN3 #119bis: “To address the issue of time delay in CHO with time condition, the target gNB may wait for an additional time after the CHO time window has expired, according to implementation?” [5]
At RAN3 #120 and #121 the corresponding papers were marked as treated, but this specific issue was not discussed.[8][9]
In this contribution we will further discuss this issue and propose how to address it.

2 Discussion
2.1 Time Delay in CHO

It seems beneficial to quickly summarize the issue as acknowledged by RAN3. A more detailed analysis was provided in [6] and [7].
The time window configured by the source gNB and provided to the target gNB is the same as the duration-r17 field configured and sent to the UE in the RRC handover command. Hence, it will expire at the same time in the UE and in the target gNB.
If the UE triggers CHO to the candidate target cell just before the handover time window expires, there is the risk that the UE accesses the target cell after the prepared resources had been released by the target gNB. If this happens, the CHO might be delayed or fail altogether.

Observation 1: If the handover is triggered near the end of the time window, the UE may end up accessing the target cell after the prepared resources had been released by the target gNB, resulting in CHO delay or failure.
Observation 2: This issue depends on propagation delays due to the long distance between UE and gNB and may also vary with cell size according to deployment.

A possible way to address this issue is to for the target gNB to wait for the UE to appear for a slightly longer time, without releasing the prepared resources. This may correspond to the T304 handover supervision timer (as defined in [2]) which it configures for the UE and sends in the handover command message to the source gNB.
Observation 3: This issue can be addressed if the target gNB waits for the UE for a slightly longer time than the configured CHO window, without releasing the prepared resources.

2.2 How to Address

At least 2 ways of doing this have been presented at RAN3:

1. Time margin based – The target cell considers a time margin which it adds to the CHO time window duration. This was proposed in [6].
2. Time offset based – The target cell shifts the whole CHO time window by a certain time offset. This was proposed in [7].
Both options are equivalent, as the only difference between them is “formal”: option 1 effectively “lengthens” the time window (resulting in a length of T2-T1+margin), while option 2 maintains the same time window length (T2-T1).
Observation 4: Both options (time margin based and time offset based) are equivalent and address the issue of time delay in triggering CHO for NTN.
Given that the time margin (or time offset) is pertinent to the time it may take the UE to access the target cell, and that it may correspond to the T304 supervision timer set by the target cell, it seems appropriate to leave it to the implementation of the target gNB. We propose to confirm the initial assumption by the group.
Proposal 1: Confirm the initial assumption that the time margin / time offset for CHO is determined by the target gNB by implementation.
2.3 Signaling Impact

We should now understand whether to exchange such value between target and source gNBs using network signaling. This was proposed in [6]. The target gNB may signal a time margin to the source, which may take it into account as the time the target intents to keep the reserved resources for the UE after the time window has expired. In principle this could also apply to the time offset.
By knowing in advance the time margin configured by the target gNB, the source gNB can optimize the start of data forwarding, resulting in less data to buffer at the target gNB. Furthermore, different target gNBs could adopt different time margins due to e.g. the implementation or the deployment; by receiving this information, the source gNB implementation can optimize the CHO parameters for subsequent handovers to each target cell.
Proposal 2: It seems beneficial to exchange the time margin / time offset between source and target gNBs.
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 sent in 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, the source gNB may also 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 2 below shows a possible tabular for the Conditional Handover Time Based Information IE sent in the HANDOVER REQUEST message (Sec. 9.1.1.1 of [1]). 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 [1].
The target gNB may decide to overrule the value it receives from the source; in this case it sends back the selected value in the HANDOVER REQUEST ACKNOWLEDGE MESSAGE (according to Proposal 3 above).
Proposal 5: The target gNB may decide to overrule the value it receives from the source; in this case it sends back the selected value in the HANDOVER REQUEST ACKNOWLEDGE message (according to Proposal 3 above).

The above proposals can be seen in a dedicated TP we are providing [4] for the XnAP BL CR.
RAN3 has agreed to support time-based condition in NG handover. The above proposals seem beneficial also for NG handover, so the corresponding Ies should also be added to the relevant Transparent Containers in NGAP.

Proposal 6: Signaling the time margin for time-based HO between source and target seems beneficial also for the time-based HO for NGAP; the corresponding Ies should also be added to the relevant Transparent Containers in NGAP.
3 Conclusions and Proposals
Our proposals are summarized below.
Observation 1: If the handover is triggered near the end of the time window, the UE may end up accessing the target cell after the prepared resources had been released by the target gNB, resulting in CHO delay or failure.

Observation 2: This issue depends on propagation delays due to the long distance between UE and gNB and may also vary with cell size according to deployment.

Observation 3: This issue can be addressed if the target gNB waits for the UE for a slightly longer time than the configured CHO window, without releasing the prepared resources.

Observation 4: Both options (time margin based and time offset based) are equivalent and address the issue of time delay in triggering CHO for NTN.
Proposal 1: Confirm the initial assumption that the time margin / time offset for CHO is determined by the target gNB by implementation.
Proposal 2: It seems beneficial to exchange the time margin / time offset between source and target gNBs.
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 this case it sends back the selected value in the HANDOVER REQUEST ACKNOWLEDGE message (according to 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; the corresponding Ies should also be added to the relevant Transparent Containers in NGAP.
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� e.g. up to and including reception of the RRCReconfigurationComplete message constituting the handover complete message.





