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1 Introduction
[bookmark: _Toc474247438]RAN3#118 meeting agreed:
CHO over NG? Send LS to SA2? 
Continue discussion on:
· Any other impacts, in addition to the support for transferring {T1, duration} over NGAP?
· Other issues if any

This contribution discusses the RAN3 related aspects on the support of the Time-based Trigger Condition in NR NTN.
2 Discussion on time-based trigger condition
· Time-based trigger condition 

Using Time-based trigger condition has the benefit to prepare the handover in advance, and mitigate the burst signaling issue that many UEs may be handover to target gNB at the same time due to feeder link switch over. 

TS38.300 defines:
[bookmark: _Toc109154094]16.14.3.2.2	Conditional Handover
The same principle as described in 9.2.3.4 applies to NTN.
Editor's note: FFS details for NTN-TN CHO impact on RRC procedure.
NTN supports the following additional triggering conditions upon which UE may execute CHO to a candidate cell, as defined in TS 38.331 [12]:
-	event A4;
-	A time-based trigger condition;
-	A location-based trigger condition.
A time-based or a location-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5). Location is defined by the distance between UE and a reference location. Time is defined by the time between T1 and T2, where T1 is an absolute time value and T2 is a duration started at T1.

Conditional Handover is only supported via Xn-based HO. 

Observation 1-1: time-based trigger condition is only defined for CHO in Stage-2. 


· Using Time-based trigger condition in current CHO 


 
[bookmark: _Ref121140254]Figure 1: CHO via Xn-HO (TS38.300 Figure 9.2.3.4.2-1: Intra-AMF/UPF Conditional Handover)

- Step 2: source gNB make a CHO decision, then initiate the handover preparation procedure.
- Step 6: RRCReconfiguration includes {T1, duration}
UE evaluate the CHO condition. In case condition is met, UE execute the handover, detach from source cell and sync to target cell.
- Step 7a: Early Data Forwarding
- Step 8a/8b: Late Data Forwarding
- Xn UE Context Release procedure is performed in Step 12 of the last box “Figure 9.2.3.2.1-1 Step 9-12”
Here is an example for using Time-based trigger condition with Xn-CHO:
· T1 = 10:00, duration = 1-min, i.e. HO execution happen between 10:00 – 10:01
· At 9:50, source gNB initiate HO preparation towards target gNB. 
· At 9:51, source gNB receive HO Command from target gNB.
· At 9:52, source gNB send RRCReconfiguration, i.e. HOCommand including (T1, duration), to UE.  
· At 10:00:30, UE execute HO and connect to target gNB.


· Time-based trigger condition for N2-HO
To support CHO via Xn-HO, a lot of enhancements were introduced in XnAP. For example:
· A new procedure was added to enable indicating handover success;
· Handover Preparation procedure was enhaced to enable indicating conditional HO and parallel transactions are allowed (and the requested target cell ID is added to identify responses to the possible parallel requests);
· Handover Preparation procedure was enhaced to enable replacing prepared CHO;
· A new procedure was added to enable CHO cancellation from the target side; 
· CHO cancellation from the target and from the source may be done per target cell.
· A new procedure was added to facilitate early data forwarding.
· Indication of the max no of acceptable CHO requests for given UE and the probability for CHO execution was added to the CHO HO preparation.

There is no need to introduce all these enhancements in NGAP. We consider only following aspects need to be introduced in order to support the Time-based Trigger Condition in N2-HO:
· Handover Decision-Making mechanism to support time-based trigger condition in N2-HO
In legacy N2-HO, the source gNB make the single handover decision. Once the decision is made, source gNB initiate the handover preparation procedure. The source gNB then simply follow the order, e.g. when receive the NGAP HANDOVER COMMAND message from the AMF, the source gNB initiate the data forwarding and send the RRCReconfiguration to the UE. For UE, upon the reception of the RRCReconfiguration message, the UE execute the RRCReconfiguration. This is also shown in the TS23.502. So it is only source gNB to make the decision. 
CHO can be considered as a combined source gNB and UE decision making, 1) source gNB make the decision to initiate CHO preparation. 2) UE makes the decision to execute the handover, i.e. evaluate the CHO conditions.  
To support the time based trigger condition in N2-HO, it is preferred to reuse either the legacy N2-HO decision-making mechanism, or CHO-like decision-making mechanism. 
 Proposal 1-1: reuse existing handover decision-making mechanism, i.e. either legacy N2-HO decision-making mechanism or CHO-like decision-making mechanism.   

· Data Forwarding
In normal N2-HO (shown in below figure), source gNB starts the data forwarding (Step 3a) after the source gNB send the HOCommand to the UE (Step 2). Upon the reception of the HOCommand, the UE immediately execute the handover, i.e. detach from source cell and synchronize to target cell.  It is a very short period (e.g. less than few ms) from source gNB send the HandoverCommand to start data forwarding/UE connect with target cell. So it is only a few ms DL data need to be forwarded from source gNB to target gNB.  


Figure 2: TS23.502 Figure 4.9.1.3.3a-1: inter NG-RAN node N2 based DAPS handover, execution phase

Figure 3 shows an example for data forwarding in normal Xn/N2-HO. (For simplicity reason, let’s assume the DL packets sent to S-gNB are all successfully transmitted to UE, and direct data forwarding is used in this example)


[bookmark: _Ref121140291]Figure 3: Example for data forwarding in normal Xn/N2-HO
· At T, S-gNB send the HOCommand to the UE. S-gNB starts the data forwarding, i.e. packet #3 to T-gNB. 
· At T+1, UE detach from source gNB. S-gNB continue the data forwarding, i.e. #4 to T-gNB. T-gNB store the data packet #3 and #4.
· At T+2, UE connect with T-gNB. T-gNB starts sending the buffered dara packet #3 and #4 to UE. Data forwarding continues until no buffered data packet in S-gNB.
Observation 1-2: in normal HO, it is only a few ms DL data that are forwarded to T-gNB. The forwarded DL data have not been successfully transmitted to UE from S-gNB. 

In Conditional HO (i.e. Xn-CHO), source gNB starts the data forwarding well before the actual HO execution. To avoid the unnecessary data buffer in target gNB, source gNB can initiate the XnAP EARLY STATUS TRANSFER message including DL Discarding IE to ask the target gNB to discard those DL packets that have been successfully transferred by source gNB to UE. So target gNB only buffer the DL packets that have not been transferred to the UE. Figure 4 shows an example for data forwarding in current Conditional HO (via Xn-HO).


[bookmark: _Ref121140269]Figure 4: Example for data forwarding in Xn-CHO
· At T, S-gNB send the HOCommand to the UE. S-gNB starts the data forwarding, i.e. packet #3 to T-gNB. 
· At T+1, UE remains connected with S-gNB. S-gNB send #3 to UE. S-gNB continues data forwarding, i.e. packet #4 to T-gNB. 
· At T+2, UE remains connected with S-gNB. S-gNB send #4 to UE. S-gNB continues data forwarding, i.e. packet #5 to T-gNB. Since S-gNB has successfully transmitted packet #3 to UE, so S-gNB informs T-gNB to discard #3.  T-gNB only stores packet #4 and #5.
· At T+3, UE detach from source gNB. S-gNB continue the data forwarding, i.e. #6 to T-gNB. Since S-gNB has successfully transmitted packet #4 to UE, so S-gNB informs T-gNB to discard #4.    T-gNB only stores packet #5 and #6.
· At T+4, UE connect with T-gNB. T-gNB starts sending the buffered data packet #5 to UE. 
Observation 1-3: in Xn-CHO, T-gNB only stores those DL packets that have not been successfully transmitted to UE based on the discard request from S-gNB. 

In case time-based trigger condition is used for the N2-HO, the source gNB may send the HOCommand to the UE well before the actual handover is executed by the UE (e.g. at 9:52). For example, if T1 is 10:00 and the duration is 1-minute, the UE may actually execute the handover between 10:00 – 10:01. The UE remains connected with the source gNB, and continue the UL/DL until T1. If current N2-HO is reused, source gNB starts the data forwarding after it send the HOCommand to the UE, i.e. at least 10-minute earlier before the UE executes the handover. Figure 4 shows an example for data forwarding in current Conditional HO (via Xn-HO).


Figure 5: Example for data forwarding in normal N2-HO with Time-based Trigger Condition
· At T, S-gNB send the HOCommand to the UE. S-gNB starts the data forwarding, i.e. packet #3 to T-gNB. 
· At T+1, UE remains connected with S-gNB. S-gNB send #3 to UE. S-gNB continues data forwarding, i.e. packet #4 to T-gNB. 
· At T+2, UE remains connected with S-gNB. S-gNB send #4 to UE. S-gNB continues data forwarding, i.e. packet #5 to T-gNB.  T-gNB stores packet #3, #4 and #5.
· At T+3, UE detach from source gNB. S-gNB continue the data forwarding, i.e. #6 to T-gNB.  T-gNB stores packet #3, #4 #5, and #6.
· At T+4, UE connect with T-gNB. T-gNB starts sending the buffered data packet #3, #4 #5, and #6 to UE.  The UE actually already received #3 and #4 from source gNB.
Observation 1-4: In case time-based trigger condition is used for the N2-HO and reuse current data forwarding, T-gNB also stores the unnecessary DL packets, i.e. the DL packets that have already been successfully transmitted to UE via S-gNB. 

These Unnecessary DL packets cause following issues:
· Issue 1: Significant number of DL packets need to be buffered in target gNB. 
Due to the potential long period, i.e. from the handover preparation to the handover execution (e.g. 10-minute in above example), target gNB has to buffer huge amount of DL packets. This issue is even severe when the time-based trigger condition is used for the handover due to feeder link switch over that many UEs need to be handover to target gNB. 

· Issue 2: unnecessary retransmission.
After the UE connect with target gNB, target gNB start to send the buffered DL packet to the UE. In this case, those unnecessary DL packets have already been successfully transmitted to the UE via the source gNB to the UE. However, the target gNB cannot know the DL packets that have been successfully transmitted via source gNB. Target gNB unnecessarily retransmitted those DL packets that have already been successfully received by the UE from source gNB.

· Issue 3: add unacceptable delay to the “new” DL packet
Target gNB send the DL packets in order, i.e. first transmit the buffered DL packet, then transmit the “new” packet. When the duration is 1-minute, target gNB first transmit those DL packets received from source gNB during this 1-minute period, then transmit the “new” packet received from CN. Even in case UE have already successfully received those DL packets (occurred in this 1-minute period), the “new” packets is only sent 1-minute later. This adds the unacceptable 1-min delay to the “new” packet. 

Please NOTE the above issues do not happen for normal Xn/N2-HO and Xn-CHO. In both normal HO and Xn-CHO, target gNB only store the DL packets that have not been successfully transmitted from source gNB to UE. This principle should also be applicable to N2-HO with Time-based Trigger Condition.
Observation 1-5: without enhancement to NGAP, the data forwarding used in current N2-HO causes significant number of packets to be buffered in Target gNB, unnecessary retransmission in target gNB, and unacceptable delay added to the “new” DL packet. 

Proposal 1-2: in case Time-based Trigger Condition is used in N2-HO, target gNB only buffer the DL packets that have not been successfully transferred to the UE. 
To address the unnecessary DL packets buffered in target gNB, a “discard” mechanism similar to the XnAP DL Discarding IE needed to be introduced in NGAP, e.g. UPLINK RAN EARLY STATUS TRANSFER message and DOWNLINK RAN EARLY STATUS TRANSFER message.
Proposal 1-3: introduce a new DL Discarding IE needed to be introduced in NGAP, e.g. UPLINK RAN EARLY STATUS TRANSFER message and DOWNLINK RAN EARLY STATUS TRANSFER message.

· Handover Cancel from target gNB
In CHO, target gNB reserve the resource well before the actual handover (e.g. for UE1) is executed. It is possible that the resource reserved for UE1 may have to be released to serve other UEs, e.g. a high priority UE (e.g. UE2) is connected, and thus to pre-empt the resource reserved for UE1. So it is possible that target gNB can initiate a handover cancel for an already prepared conditional handover. In current CHO, the XnAP Conditional Handover Cancel procedure was introduced for this purpose. In case to support CHO for N2-based HO, similar mechanism needs to be introduced. It is unclear whether it is possible to enhance current NGAP Handover Cancel Procedure (which is only for source gNB initiated handover Cancel) also for target gNB initiated handover cancel. 

Proposal 1-4: RAN3 study whether enhance current Handover Cancel for target initiated Handover Cancel. 

· Coordination with SA2
The N2-based handover procedure is specified in SA2 TS23.502 Section 4.9.1.3 “Inter NG-RAN node N2 based handover”, which includes following sub-sections  (TS23.502 section/figure is also copied at the annex section of this contribution)
· 4.9.1.3.2	Preparation phase
· 4.9.1.3.3	Execution phase
· 4.9.1.3.3a	Execution phase for DAPS handover

Due to the difference between CHO and normal HO (or DAPS HO), TS23.502 Section 4.9.1.3 need to be updated. For example, 
· Preparation phase: add the description for CHO preparation (e.g. refer to the similar text defined in Xn-CHO), add the early data forwarding. 
· Execution phase: a new sub-section needs to be added, i.e. similar to 4.9.1.3.3a.  The execution phase may need to add the description for the time-based trigger condition (e.g. refer to the similar text defined in TS38.300), the later data forwarding, etc. 

It is also unclear on the impact to CN nodes, e.g. SMF, UPF, etc. So the coordination with SA2 is needed. Considering the major impact to TS23.502, a formal request needs to be sent to SA2 to check the feasibility to support CHO in Rel-18, and the issues (e.g. data forwarding) that may affect SA2. 

Observation 1-6: coordination with SA2 is required, e.g. to update TS23.502 to support CHO for N2-based HO.

Proposal 1-5: RAN3 send a LS to SA2 to check the feasibility to support CHO in Rel-18, and the issues that may affect SA2.
3 Discussion on CHO recoveryPrevious 
RAN3 meeting made the above listed agreement with the following motivation:
· The CHO time window parameters should be signaled to the target node so it can prepare resources at the appropriate time; if the UE did not connect to the prepared cell within the given window, the target node can free up resources after the time window expires.
· Signal the UE specific time window to target RAN node via Xn to assist time-based CHO.
 
The above motivation would mean that the source node that initiates the CHO Request towards the target node, signals the UE specific time window (time ‘T’ at which UE starts monitoring the CHO execution condition and the duration ‘T+X’ till which the UE monitors the CHO execution condition for a given target cell target) to the target node to prepare the resources for a target cell only during the time window.
Which would mean that, if the UE doesn’t select the candidate target cell during the configured time window, then the target node releases the reserved resources immediately after T2=T+X, without any indication from the source node. 
In our view, this is not a good solution for the following reasons:
· If the CHO execution to the target cell fails, then the UE may perform CHO recovery, if configured by the network. Herein, the UE performs cell selection, and it may happen that the selected cell corresponds to the target cell that has released its radio resources. This can occur since the cell selection criteria are based on radio measurements and it is enough if the UE selects a suitable cell (not necessarily the strongest one). In this case, the UE would perform RRC Re-establishment and will miss the opportunity to perform CHO recovery, especially in the case when the target node could have kept the resources reserved for a longer time.
· The target node need not necessarily release reserved resources unless it experiences high load situation.
 
Observation 2-1: As per the legacy CHO recovery specified in Rel-16, when initial CHO execution attempt fails or HO fails, the UE performs cell selection, and if the selected cell is a CHO candidate and if network configured the UE to try CHO after handover/CHO failure, then the UE attempts CHO execution once, otherwise re-establishment is performed.
Observation 2-2: If CHO execution to the target cell fails, UE performs cell selection, and if the selected cell corresponds to the target cell that has released its radio resources, then the CHO recovery if configured by the network will not work. 
Observation 2-3: Cell selection criteria is based on radio measurements, and it is enough if the UE selects a suitable cell (not necessarily the strongest one).
Observation 2-4: The target node releasing the reserved resources immediately after T2=T+X, without any indication from the source node, if the UE doesn’t select the candidate target cell during the configured time window, is not a good solution.
Observation 2-5: The target node need not necessarily release reserved resources unless it experiences high load situation
We propose the following enhancements to the NTN time-based CHO:
· the target node may indicate to the source node whether it keeps CHO resources for the UE for a given target cell after T2, in HO request acknowledgement message.
· Based on the indication from the target node, the source node may indicate to the UE whether it shall release the CHO configuration of a prepared target cell after T2
· Alternatively, the target node may indicate the time e.g. ‘T3(T2+t)’ for which it may hold the resources. In such a case, the source node shall reconfigure the UE with the bitmap and a timer value for which the UE stores the CHO configuration of a prepared target cell after T2.
With the above approach, the target node resource reservation duration and the UE retaining CHO configuration of a given target cell shall be synchronized. And this allows the option to perform CHO recovery instead of RRC Re-establishment in case CHO is not executed in the configured time-window.
Proposal 2-1: The target node indicates to the source node whether it keeps CHO resources for the UE for a given target cell after T2, in HO request acknowledgement message; based on which the source node may reconfigure the UE to either hold or release the CHO configuration of a prepared target cell after T2.

4 Conclusions
In this contribution, we analyzed the support for time-based trigger condition in N2-HO and CHO recovery. Our proposals are:
Proposal 1-1: reuse existing handover decision-making mechanism, i.e. either legacy N2-HO decision-making mechanism or CHO-like decision-making mechanism.   
Proposal 1-2: in case Time-based Trigger Condition is used in N2-HO, target gNB only buffer the DL packets that have not been successfully transferred to the UE. 
Proposal 1-3: introduce a new DL Discarding IE needed to be introduced in NGAP, e.g. UPLINK RAN EARLY STATUS TRANSFER message and DOWNLINK RAN EARLY STATUS TRANSFER message.
Proposal 1-4: RAN3 study whether enhance current Handover Cancel for target initiated Handover Cancel. 
Proposal 1-5: RAN3 send a LS to SA2 to check the feasibility to support CHO in Rel-18, and the issues that may affect SA2.

Proposal 2-1: The target node indicates to the source node whether it keeps CHO resources for the UE for a given target cell after T2, in HO request acknowledgement message; based on which the source node may reconfigure the UE to either hold or release the CHO configuration of a prepared target cell after T2.
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[bookmark: _Toc20204040][bookmark: _Toc27894727][bookmark: _Toc36191794][bookmark: _Toc45192880][bookmark: _Toc47592512][bookmark: _Toc51834593][bookmark: _Toc114667963]4.9.1.3	Inter NG-RAN node N2 based handover
[bookmark: _Toc20204042][bookmark: _Toc27894729][bookmark: _Toc36191796][bookmark: _Toc45192882][bookmark: _Toc47592514][bookmark: _Toc51834595][bookmark: _Toc114667965]4.9.1.3.2	Preparation phase


Figure 4.9.1.3.2-1: Inter NG-RAN node N2 based handover, Preparation phase
[bookmark: _Toc114667966]4.9.1.3.3	Execution phase


Figure 4.9.1.3.3-1: inter NG-RAN node N2 based handover, execution phase


[bookmark: _Toc45192884][bookmark: _Toc47592516][bookmark: _Toc51834597][bookmark: _Toc114667967]4.9.1.3.3a	Execution phase for DAPS handover
This procedure applies only if at the end of the Preparation phase it has been determined that at least one DRB of the UE is subject to a DAPS related Handover.


Figure 4.9.1.3.3a-1: inter NG-RAN node N2 based DAPS handover, execution phase
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