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1	Introduction
[bookmark: _Toc474247438]At RAN3 #117, it was decided to work further on the data forwarding aspects for the case of CHO with DC kept at the target. Also, it was decided that the work on CHO with multiple SCGs can start from data forwarding aspects, because other aspects may need more work done in RAN2. This plan was confirmed at RAN3 #117-bis and made more detailed:
· Scenarios for data forwarding duplication were considered.
· The problem of avoiding unnecessary CHO cancellation/replacement for every SCG update was presented for further discussion.
In this paper, we address all these topics.
2	Discussion
2.1	Data forwarding for CHO with DC kept at the target
This problem and a possible solution were presented first at RAN3 #117-bis meeting in [1]. It was clarified then:
1. The target SN, when it identifies that CHO-related addition requests coming from different MNs are related to the same UE, may allocate the same TEIDs for the SN-terminated bearers. If all the target MNs (and possibly source MNs) use direct data forwarding and the TEIDs are forwarded to the source node, the source will identify the same target address and send there a single data stream.
2. However, when any of the MNs apply indirect data forwarding, the information may be lost.
Therefore, to make sure the direct data forwarding is use whenever applicable, it is proposed in [1] to enable an information to the MNs that direct data forwarding is beneficial.
Proposal 1-1: The target SN shall be able to inform the target MNs that TEIDs allocated for data forwarding are shared with other target MNs. Also, these target MNs shall inform the source MN about it, so that in case all nodes involved in CHO preparation may enable direct data forwarding.
In addition, a note is proposed to be added to the standard to describe the usage of the single TEIDs at the target SN.
Proposal 1-2: A note is added to the relevant standard to describe that a single TEID may be allocated for SN-terminated bearers at the target SN.
However, on top of the above, the start of the early data forwarding may also be optimised, so that it does not last too long. Already in Rel.16, when CHO was developed, a concept of on-time data forwarding was considered, but found infeasible in single-connectivity scenario. Therefore, if the interruption in data transmission was to be avoided, early data forwarding was necessary. However, considering the fact that the source PCell can prepare multiple target PCells, early data forwarding may lead high traffic on the network due to early data forwarding towards multiple target PCells where only one of those data forwarding will be facilitated (only the one towards the target PCell that UE executes the CHO).
The early-but-late dilemma cannot be solved in CHO with single connectivity as the network does not know when exactly the UE executes the CHO towards one of the prepared target cells. This dilemma should be solved in the CHO with DC scenario where the network can facilitate the SN link to acquire the status of the CHO execution to initiate on-time data forwarding where the SN relays the CHO execution status of the UE to the source MN. 
The solution is, in fact, a sort of reallisation of the “bye” signalling considered for CHO in Rel.16: when the UE is about to execute the CHO, it may inform the SN connected still to the source MN about it. The SN will then forward the information to the source MN, which can start data forwarding, yet before the HO Success is received.
This method requires that the UE informs the SN about the planned execution of the CHO. Depending on a scenario, this can either be done using existing or new signalling, but in either case, RAN2’s support is needed here.
Proposal 1-3: RAN3 asks RAN2 to evaluate if it is possible that in case of a CHO with DC, the UE sends a notification to the source SN just before it starts executing CHO, so that the SN could later inform the source MN that data forwarding should be started.
2.2	Avoiding unnecessary CHO cancellation or replace
This issue was discussed first the RAN plenary and then postponed until RAN3 confirms the issue. The discussion in RAN3 started at the #117-bis meeting with [2], but the problem is not really new: already in Rel.16, it was discussed that in some cases of MCG config update, the CHO does not need to be cancelled or replaced, with all the preparation at the UE repeated (see [3]). 
The first question concerns delta or full config. In case of a full configuration, the target configures the UE anew, so no changes at the source side affect the prepared CHO (possibly with SCG). 
In case delta config is used, in theory, the source SCG config shall not be modified. However, it is still important to note is that some reconfigurations do not concern the target and the source may safely execute them without re-initiating CHO preparation. This applies in particular to any radio-layer-related changes (e.g. CSI-RS resource configuration or measurement gaps, which are specific to the source cell configuration). 
A grey zone concerns configuration of the UE that do not concern the service itself and may be kept at the target after the HO, but does not have to. Examples of such configurations are SCell configuration or measurement gap config, but there may be more – the problem belongs to RAN2.
Obviously, in the current setup, the source does not know whether or not the target keeps such setting and consequently must re-initiate the CHO preparation – if it does not, the UE may end up in undefined state if the old HO command was issued with the intention that certain setting is to be kept. On the other hand, such re-initialisation is very costly.
Observation 2-1: There are scenarios where the modification of the SCG configuration at the source does not require re-initialising the CHO. However, in most cases the information if the particular change affects the prepared CHO with SCG is known at the target side.
In order to guarantee that the UE always has a valid cho-config without any race condition, the source cell has to cancel the CHO at the UE yet before initiating re-admission at the target side. After receiving HO Request Ack from the target, and after reconfiguring the UE, the CHO has to be configured again. It is obvious that this procedure is signalling intensive, especially at the radio side, and increases the risk of failures (since the UE is without cho-config for a while). So the more often we can avoid this tedious procedure, the better it is.
Observation 2-2: When re-admission by target side is needed, it is signalling intensive, especially on the radio interface, and creates risks for the call continuity at the UE.
Proposal 2-1: RAN3 acknowledges the issue and works to enable a solution helping the source side to know when a MCG/SCG config update requires re-initialising the CHO.
The first option for a solution was proposed already in [3]: the source side knows the policy of the target side – what is decided to be kept and what is reset. All this information may be deduced from the HO Command, so the source may, if implemented so, check the HO command to see what exactly is kept at the target. This method is normally not recommended in the standard though.
The biggest problem is the list of the configurations that may or may not be kept at the target. As discussed above, examples are the measurement gap configuration or SCell setup – but there are likely more. Only RAN2 is able to define the list, but there may be not enough time to collect it before the WI is closed.
Therefore, the solution must be quite flexible, so details could be clarified also later (and so that new configurations can be added in future). The simplest option seems to be a bitmap, where each bit corresponds to a configurable option and tells the source if the target keeps the config (e.g. ‘1’) or releases it at the UE (‘0’). RAN3 may proactively include the two aforementioned features and send an LS to RAN2 to collect the complete list for Rel.16. Once collected, other positions of the list could be defined without affecting the ASN.1.
Proposal 2-2: RAN3 to consider a solution where a bitmap (e.g. 16 bits) is added to the CHO Request Acknowledge, where each bit corresponds to a configurable option that may or may not be kept at the target for the UE. Details of the usage of the bitmap must be consulted with RAN2.
A lighter option is to let the target to decide if given configuration update require re-preparing the CHO. In this case, the source always sends the CHO request to the target, but the target analyses the request and included configuration and responds if the CHO must be re-configured at the UE (i.e. if the new HO command needs to be provided to the UE). In this scenario, the bitmap is replaced with a simple flag and the signalling at the RAN side is not optimised. However, the most costly part, i.e. the radio signalling related to re-preparing the CHO at the UE, is avoided.
Proposal 2-3: If a complete bitmap solution with RAN2 consultation is too “heavy”, RAN3 shall consider a lighter solution, where the target MN informs the source side whether the HO command must be re-sent to the UE. The HO command may be skipped in this case altogether.
2.3	CHO with multiple SCGs at the target
As discussed in [1], one of the problems related to the CHO with multiple prepared SCGs is the early data forwarding: each target MN may prepare multiple target SNs. This is a new problem: in Rel.17, either multiple target MNs could prepare single target SN (CHO with DC kept at the target), or a single MN could prepare CPA in multiple target SNs (CPAC).
Observation 3-1: Early data forwarding to the target MN with multiple target SNs is a new problem.
However, at RAN3 #117-bis, it was acknowledged that RAN3 aims at enabling it, if feasible:
Early Data Forwarding optimizations with involvement of the target SCG(s) in Rel-18 will be supported.
The first issue to consider is the problem of PDU session setup: in the CHO with the Addition Preparation procedure, the target MN requests from multiple target SNs certain PDU sessions to be setup, but some of the SNs may reject some of them. Therefore, the target MN may not be able to provide the same response to the CHO request from all target SNs.
However, even if it is very likely that a target MN will request the same bearer setup in each prepared target SN, and even if all the SNs accept it, it may still happen that the prepared SNs create different set of DRBs. Therefore, the set of TEIDs for early data forwarding will depend on the pair MN-SN.
Proposal 3-1: RAN3 shall enable providing to the source SN a separate set of TEIDs for each prepared target pair MN-SN.
3	Conclusions
In this paper, we address several problems related to handling CHO with single or multiple SCGs at the target node. For the data forwarding in case of a CHO with single SCG at the target, we propose:
Proposal 1-1: The target SN shall be able to inform the target MNs that TEIDs allocated for data forwarding are shared with other target MNs. Also, these target MNs shall inform the source MN about it, so that in case all nodes involved in CHO preparation may enable direct data forwarding.
Proposal 1-2: A note is added to the relevant standard to describe that a single TEID may be allocated for SN-terminated bearers at the target SN.
Proposal 1-3: RAN3 asks RAN2 to evaluate if it is possible that in case of a CHO with DC, the UE sends a notification to the source SN just before it starts executing CHO, so that the SN could later inform the source MN that data forwarding should be started.
In relation to the problem of unnecessary CHO cancellation or replacement, we conclude what follows:
Observation 2-1: There are scenarios where the modification of the SCG configuration at the source does not require re-initialising the CHO. However, in most cases the information if the particular change affects the prepared CHO with SCG is known at the target side.
Observation 2-2: When re-admission by target side is needed, it is signalling intensive, especially on the radio interface, and creates risks for the call continuity at the UE.
Proposal 2-1: RAN3 acknowledges the issue and works to enable a solution helping the source side to know when a MCG/SCG config update requires re-initialising the CHO.
Proposal 2-2: RAN3 to consider a solution where a bitmap (e.g. 16 bits) is added to the CHO Request Acknowledge, where each bit corresponds to a configurable option that may or may not be kept at the target for the UE. Details of the usage of the bitmap must be consulted with RAN2.
Proposal 2-3: If a complete bitmap solution with RAN2 consultation is too “heavy”, RAN3 shall consider a lighter solution, where the target MN informs the source side whether the HO command must be re-sent to the UE. The HO command may be skipped in this case altogether.
Finally, for the new problem of CHO with multiple SCGs at the target, we conclude that:
Observation 3-1: Early data forwarding to the target MN with multiple target SNs is a new problem.
Proposal 3-1: RAN3 shall enable providing to the source SN a separate set of TEIDs for each prepared target pair MN-SN.
A TP implementing the solution are proposed in the annex below.
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This message is sent by the target NG-RAN node to inform the source NG-RAN node about the prepared resources at the target.
Direction: target NG-RAN node  source NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Source NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	ignore

	Target NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the target NG-RAN node
	YES
	ignore

	PDU Session Resources Admitted List
	M
	
	9.2.1.2
	
	YES
	ignore

	PDU Session Resources Not Admitted List
	O
	
	9.2.1.3
	
	YES
	ignore

	Target NG-RAN node To Source NG-RAN node Transparent Container
	M
	
	OCTET STRING
	Either includes the HandoverCommand message as defined in subclause 10.2.2 of TS 36.331 [14], if the target NG-RAN node is an ng-eNB,
or the HandoverCommand message as defined in subclause 11.2.2 of TS 38.331 [10], if the target NG-RAN node is a gNB.
	YES
	ignore

	UE Context Kept Indicator
	O
	
	9.2.3.68
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore

	DRBs transferred to MN
	O
	
	DRB List
9.2.1.29
	In case of DC, indicates that SN Status is needed for the listed DRBs from the S-NG-RAN node.
	YES
	ignore

	[bookmark: _Hlk44411358]DAPS Response Information 
	O
	
	9.2.1.34
	
	YES
	reject

	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
	–
	

	[bookmark: _Hlk44411364]>Maximum Number of CHO Preparations
	O
	
	9.2.3.101
	
	–
	

	>HO command update	Comment by Nokia: Alternative solutions to avoid unnecessary CHO cancellation/replace.
	O
	
	ENUMERATED (ho-command-not-updated, ...)
	
	–
	

	>SCG config matrix
	O
	
	BIT STRING (SIZE(FFS))
	
	–
	

	MBS Session Information Response List
	O
	
	9.2.1.38
	
	YES
	ignore
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9.2.1.2	PDU Session Resources Admitted List
This IE contains PDU session resource related information to report success of the establishment of PDU session resources.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	PDU Session Resources Admitted List
	
	1
	
	
	–
	

	>PDU Session Resources Admitted Item
	
	1..<maxnoofPDUSessions>
	
	
	–
	

	>>PDU Session ID 
	M
	
	9.2.3.18
	
	–
	

	>>PDU Session Resource Admitted Info
	M
	
	
	
	–
	

	>>>DL NG-U TNL Information Unchanged
	O
	
	ENUMERATED (True, …)
	Indicates the NG-U tunnels that have been kept unchanged at the target NG-RAN node
	–
	

	>>>QoS Flows Admitted List
	
	1
	
	
	–
	

	>>>>QoS Flows Admitted Item
	
	1..<maxnoofQoSFlows>
	
	
	–
	

	>>>>>QoS Flow Identifier
	M
	
	9.2.3.10
	
	–
	

	[bookmark: _Hlk44414341]>>>>>Current QoS Parameters Set Index
	O
	
	9.2.3.103
	Index to the currently fulfilled alternative QoS parameters set.
	YES
	ignore

	>>>QoS Flows not Admitted List
	O
	
	QoS Flow List with Cause
9.2.1.4
	
	–
	

	>>>Data Forwarding Info from target NG-RAN node
	O
	
	9.2.1.16
	
	–
	

	>>>Secondary Data Forwarding Info from target NG-RAN node List
	O
	
	9.2.1.31
	This IE would be present only when the target M-NG-RAN node decide to split a PDU session between MN and SN
	YES
	ignore

	>>>Data Forwarding Info from Target MN-SN Pair List
	
	
	
	
	YES
	reject

	>>>> Data Forwarding Info from Target MN-SN Pair Item
	
	1..<maxnoofSCGsMinusOne>
	
	
	-
	-

	>>>Data Forwarding Info from target NG-RAN node
	O
	
	9.2.1.16
	
	-
	-

	>>>Secondary Data Forwarding Info from target NG-RAN node List
	O
	
	9.2.1.31
	This IE would be present only when the target M-NG-RAN node decide to split a PDU session between MN and SN
	-
	-



	Range bound
	Explanation

	maxnoofPDUSessions
	Maximum no. of PDU sessions. Value is 256

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.

	maxnoofSCGsMinusOne
	Maximum no. of additional SCGs (on top of the existing information) that may be prepared in a single CHO. Value is FFS.
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9.2.1.16	Data Forwarding Info from target NG-RAN node
This IE contains TNL information for the establishment of data forwarding tunnels towards the target NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	QoS Flows Accepted For Data Forwarding List
	
	1
	
	
	
	

	>QoS Flows Accepted For Data Forwarding Item
	
	1..<maxnoofQoSFlows>
	
	
	
	

	>>QoS Flow Identifier
	M
	
	9.2.3.10
	
	
	

	PDU Session level DL data forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	To forward NG-U DL SDAP SDUs to the target node.
	
	

	PDU Session level UL data forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	To forward NG-U UL SDAP SDU to the target node.
	
	

	Data Forwarding Response DRB List
	
	0..1
	
	
	
	

	>Data Forwarding Response DRB Item
	
	1..<maxnoofDRBs>
	
	
	
	

	>>DRB ID
	M
	
	9.2.3.33
	
	
	

	>>DL Forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	
	
	

	>>UL Forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	
	
	

	>>Direct Data Forwarding Information
	O
	
	ENUMERATED (shared TEIDs, ...)
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofDRBs
	Maximum no. of DRBs. Value is 32.

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.
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