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Introduction
In RAN3#104, the discussion of NR/LTE mobility enhancement with CHO was initiated, where there is one FFS issue as such:

Editor’s note: FFS whether we allow preparing CHO toward the same target eNB/gNB but with different target cells simultaneously.
In this contribution, we shall further look at this issue in more details.
Discussion

For legacy or immediate Xn HO, the source node shall always indicate single “Target Cell Global ID” towards the real target node, and for CHO, since there can be multiple potential/candidate target cells in the same target node, the source node may indicate multiple potential/candidate “Target Cell Global IDs” towards the same target node. There are three basic different ways to do so:

Alt1: the source node sends multiple HANDOVER REQUEST messages separately, and each message still contains single potential “Target Cell Global ID” as legacy case;

Alt2: the source node sends single HANDOVER REQUEST messages, and the single message contains a list of potential “Target Cell Global ID” simultaneously.

Alt3: the source node sends one initial HANDOVER REQUEST message and contains single initial potential “Target Cell Global ID”, and later on, the source node can send one new message to add/modify/release other potential “Target Cell Global ID” in delta manner w.o. duplicating the same mandatory IEs sent before.

With looking at current HANDOVER REQUEST message, there are many mandatory IEs, especially “PDU Session Resources To Be Setup List” and “RRC Context”, which are essential for each potential target cell to generate the “dedicated RRC configuration” of UE. For CHO reason, Alt1 will duplicate many of those mandatory IEs towards the same target node, but has least impact on specification. Alt2 can avoid the duplication of mandatory IEs towards the same target node, and has moderate impact on specification, e.g. to introduce one new IE “Potential Target Cell Global ID List” and other assistance info. Alt3 can also avoid the duplication of mandatory IEs towards the same target node, but has more impact on specification, e.g. to define new message dedicated for CHO purpose. Among those three Alts, Alt2 looks good compromise between signaling efficiency and spec. impacts hence can be adopted.

It should be noted that the new “Potential Target Cell Global ID List” indicates the target node about the candidate scope, within which potential target cells are requested to be prepared, hence the target node shall further decide how to down-select and pre-configure among them. It means that the requested potential target cells are to be accepted or rejected. Since the legacy IE “Target Cell Global ID” is mandatory present, we suggest the new cell list providing the additional cells.
Proposal 1: To introduce one new IE “Additional Potential Target Cell Global ID List” in the HANDOVER REQUEST message, indicating the candidate scope, within which the target node shall decide how to down-select and pre-configure the final candidate target cells.

Proposal 1bis: If the new IE “Additional Potential Target Cell Global ID List” is included in the HANDOVER REQUEST message, the legacy IE “Target Cell Global ID” shall still be used to indicate one potential target cell.

For legacy or immediate Xn HO, in case of success outcome, the target node shall always indicate single “PDU Session Resources (Not) Admitted List” and “Target NG-RAN node To Source NG-RAN node Transparent Container” in HANDOVER REQUEST ACKNOWLEDGE message. For CHO with multiple potential target cells, there are two basic different ways to reply the success outcome:

Alt1: the target node sends multiple HANDOVER REQUEST ACKNOWLEDGE messages separately, and each message still contains single HO preparation outcome associated to one potential target cell as legacy case;

Alt2: the target node sends single HANDOVER REQUEST ACKNOWLEDGE messages, and the single message contains all HO preparation outcomes for the accepted and rejected potential target cells simultaneously.

For Alt1,  the target node needs to assign one new Target NG-RAN node UE XnAP ID for each accepted potential target cell and also needs to send multiple HANDOVER PREPARATION FAILURE messages for the rejected potential target cells. Although Alt1 has less impact on specification but seems inefficient. Alt2 offers signalling efficiency gain than Alt1, i.e  the target node still assigns single Target NG-RAN node UE XnAP ID for all candidate target cells. Alt2 has moderate impact on specification, e.g. to introduce CHO preparation outcome list for both accepted and rejected candidate target cells. In all, Alt2 looks a bit better than Alt1.

Proposal 2: To use single HANDOVER REQUEST ACKNOWLEDGE message for all accepted and rejected potential/candidate target cells, i.e. to introduce one new IE “CHO Preparation Outcome List” (containing Potential Target Cell Global ID) in the HANDOVER REQUEST ACKNOWLEDGE message .

Proposal 2bis: If the new IE “CHO Preparation Outcome List” is included in the HANDOVER REQUEST ACKNOWLEDGE message, the legacy IE“PDU Session Resources Admitted List”/”PDU Session Resources Not Admitted List”/”Target NG-RAN node To Source NG-RAN node Transparent Container” shall be superseded and ignored by the source node.
For legacy or immediate Xn HO, in case of failure outcome, the target node shall send single HANDOVER PREPARATION FAILURE message. For CHO, if multiple potential target cells are requested to be prepared, via enhanced HANDOVER REQUEST ACKNOWLEDGE message as above, the source node can know explicitly which potential target cells are accepted or  rejected (CHO preparation failure) with proper cause value. However, if all requested potential target cells are rejected with the same cause per target node, it would be more efficient to reuse single HANDOVER PREPARATION FAILURE message.

As a bit further enhancement, if all requested potential target cells are rejected for different causes, then causes associated to different potential target cells had better be introduced into HANDOVER PREPARATION FAILURE message.

Proposal 3: If there is at least one potential target cell being accepted by the target node, the target node shall use single HANDOVER REQUEST ACKNOWLEDGE message; otherwise it shall use single HANDOVER PREPARATION FAILURE message for CHO failure reply.
Proposal 3bis: If required, to add new IE  “CHO Preparation Failure List” (containing Potential Target Cell Global ID) with cause value in the HANDOVER PREPARATION FAILURE message.

Proposal 4: To consider the TP below in Annex.
Conclusion
RAN3 is kindly asked to consider following proposals:

Proposal 1: To introduce one new IE “Additional Potential Target Cell Global ID List” in the HANDOVER REQUEST message, indicating the candidate scope, within which the target node shall decide how to down-select and pre-configure the final candidate target cells.

Proposal 1bis: If the new IE “Additional Potential Target Cell Global ID List” is included in the HANDOVER REQUEST message, the legacy IE “Target Cell Global ID” shall still be used to indicate one potential target cell.

Proposal 2: To use single HANDOVER REQUEST ACKNOWLEDGE message for all accepted and rejected potential/candidate target cells, i.e. to introduce one new IE “CHO Preparation Outcome List” (containing Potential Target Cell Global ID) in the HANDOVER REQUEST ACKNOWLEDGE message .

Proposal 2bis: If the new IE “CHO Preparation Outcome List” is included in the HANDOVER REQUEST ACKNOWLEDGE message, the legacy IE“PDU Session Resources Admitted List”/”PDU Session Resources Not Admitted List”/”Target NG-RAN node To Source NG-RAN node Transparent Container” shall be superseded and ignored by the source node.
Proposal 3: If there is at least one potential target cell being accepted by the target node, the target node shall use single HANDOVER REQUEST ACKNOWLEDGE message; otherwise it shall use single HANDOVER PREPARATION FAILURE message for CHO failure reply.
Proposal 3bis: If required, to add new IE  “CHO Preparation Failure List” (containing Potential Target Cell Global ID) with cause value in the HANDOVER PREPARATION FAILURE message.

Proposal 4: To consider the TP below in Annex.
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Annex // TP for TS38.423

9.1.1.1
HANDOVER REQUEST

This message is sent by the source NG-RAN node to the target NG-RAN node to request the preparation of resources for a handover.

Direction: source NG-RAN node ( target 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 reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	reject

	Target Cell Global ID
	M
	
	9.2.3.25
	Includes either an E-UTRA CGI or an NR CGI
	YES
	reject

	GUAMI
	M
	
	9.2.3.24
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>NG-C UE associated Signalling reference
	M
	
	AMF UE NGAP ID

9.2.3.26
	Allocated at the AMF on the source NG-C connection.
	–
	

	>Signalling TNL association address at source NG-C side
	M
	
	CP Transport Layer Information

9.2.3.31
	This IE indicates the AMF’s IP address of the SCTP association used at the source NG-C interface instance.
	–
	

	>UE Security Capabilities
	M
	
	9.2.3.49
	
	–
	

	>AS Security Information
	M
	
	9.2.3.50
	
	–
	

	>Index to RAT/Frequency Selection Priority
	O
	
	9.2.3.23
	
	–
	

	>UE Aggregate Maximum Bit Rate
	M
	
	9.2.3.17
	
	–
	

	>PDU Session Resources To Be Setup List
	
	1
	9.2.1.1
	Similar to NG-C signalling, containing UL tunnel information per PDU Session Resource;

and in addition, the source side QoS flow ( DRB mapping
	–
	

	>RRC Context
	M
	
	OCTET STRING
	Either includes the HandoverPreparationInformation 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 HandoverPreparationInformation message as defined in subclause 11.2.2 of TS 38.331 [10], if the target NG-RAN node is a gNB.
	–
	

	>Location Reporting Information
	O
	
	9.2.3.47
	Includes the necessary parameters for location reporting.
	–
	

	>Mobility Restriction List
	O
	
	9.2.3.53
	
	–
	

	Trace Activation
	O
	
	9.2.3.55
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.3.32
	
	YES
	ignore

	UE History Information
	M
	
	9.2.3.64
	
	YES
	ignore

	UE Context Reference at the S-NG-RAN node
	O
	
	
	
	YES
	ignore

	>Global NG-RAN Node ID
	M
	
	9.2.2.3
	
	–
	

	>S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID

9.2.3.16
	
	–
	

	Additional Potential Target Cell Global ID List
	
	0..1
	
	
	
	

	>Potential Target Cell Global ID
	M
	
	9.2.3.25
	Includes either an E-UTRA CGI or an NR CGI
	YES
	ignore

	>Assistance Info (e.g. measurement report) FFS
	
	
	
	
	
	

	
	
	
	
	
	
	


9.1.1.2
HANDOVER REQUEST ACKNOWLEDGE

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

	CHO Preparation Outcome List
	
	0..1
	
	
	
	

	>Potential Target Cell Global ID
	M
	
	9.2.3.25
	Includes either an E-UTRA CGI or an NR CGI
	YES
	ignore

	>PDU Session Resources Admitted List
	O
	
	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
	O
	
	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

	>Cause
	O
	
	9.2.3.2
	
	YES
	ignore


9.1.1.3
HANDOVER PREPARATION FAILURE

This message is sent by the target NG-RAN node to inform the source NG-RAN node that the Handover Preparation has failed.

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

	Cause
	M
	
	9.2.3.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore

	CHO Preparation Failure List
	
	0..1
	
	
	
	

	>Potential Target Cell Global ID
	M
	
	9.2.3.25
	Includes either an E-UTRA CGI or an NR CGI
	YES
	ignore

	>Cause
	M
	
	9.2.3.2
	
	YES
	ignore
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