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

Editor’s note: FFS whether we allow to modify the prepared CHO resources and how (re-using the existing HO  Preparation or new procedure?).
Editor’s note: FFS whether we allow preparing CHO toward the same target eNB but with different target cells simultaneously. (This issue will be discussed in more details in another Tdoc separately!)
In this contribution, we shall continue looking at those issues in more details.
Discussion

CHO is based on (RRC) pre-configurations of multiple potential/candidate target nodes/cells, where each potential target node/cell has different probability of becoming the real target node/cell eventually, subject to UE mobility and varying radio/load conditions on target side. 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 target cells, we believe that the source node should indicate multiple potential “Target Cell Global ID” towards one or multiple potential target node(s), e.g. based on RRM measurement report for CHO.

Observation 1: For CHO preparation, there can be multiple potential/candidate target cells pre-configured in the same potential target node. There can also be multiple potential target nodes pre-configured for CHO.

Each potential target cell shall generate its (RRC) pre-configuration (prepared CHO resources) individually, based on source configuration such as “PDU Session Resources To Be Setup List” and “RRC Context” from source node. During ongoing CHO process, if the source configuration in the source node gets changed, the (RRC) pre-configuration on the target shall be changed accordingly. Even if the source configuration is kept the same, but due to varying radio/load conditions on the target side, the (RRC) pre-configuration may also be modified, such as accepted PDU Sessions and CFRA resources etc. Hence there are many use cases to modify the prepared CHO resources associated to each potential target cell during ongoing CHO process.

Proposal 1: For each accepted/existing potential target cell with prepared CHO resources, to allow both source and target node to modify them when necessary, e.g. based on radio/load conditions.

Besides modification of prepared CHO resources within potential target cells, the modification across different cells is worth discussing as well, e.g. adding new or releasing existing potential target cells during CHO based on source or target node’s local RRM strategy.

Taking Figure 1below for example, the source node/Cell1 initially configures the UE1 with CHO, pre-configuring Cell 2/3/4/5/6/7 as the potential target cells (assuming they are all governed by the source node). In initial T1 when UE1 is approaching Cell2, Cell 2 has higher probability than other cells to become the real target cell, but in T2 when UE1 moves towards Cell4, Cell 4 has higher probability than others, then later in T3, Cell 6 has higher probability… During above mobility process, source node needs not to keep the pre-configurations of Cell 2/3/4/5/6/7 all the time, but had better add, release, or modify them accordingly, so that unnecessary CHO resource reservations can be avoided.
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Figure 1: Source Node governs Cell 1/2/3/4/5/6/7
Proposal 2: To allow the source node to add new, release existing prepared CHO resources with different potential target cells, subject to UE mobility and varying radio/load conditions.
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Figure 2: Source Node governs Cell 1/2/7, Neighbour Node1 governs Cell 3/4, Neighbour Node2 governs Cell 5/6
Taking Figure 2 above for example, the source node/Cell1 initially configures the UE2 with CHO, pre-configuring Cell 2/3/6/7 as the potential target cells, where neighbour node1/2 has been involved with ongoing CHO due to Cell3/6. In initial T1 when UE1 is approaching Cell2, Cell 2 has higher probability than other cells to become the real target cell, but in T2 when UE1 moves towards Cell3/4, Cell 4 may have the same probability as Cell 3, but Cell 4 is not yet pre-configured as potential target cell; in such circumstance, neighbour node1 may request source node to add up Cell 4 as the potential target cell. Then later in T3, when UE2 moves towards Cell5/6, Cell 5 may have the same probability as Cell 6, but Cell 5 is not yet pre-configured as potential target cell; in such circumstance,  neighbour node2 may also request source node to add up Cell 5 as the potential target cell. During above mobility process, on one side, the source node may modify the CHO resources actively, meanwhile on the other side, the neighbour/potential target nodes should also be able to modify the CHO resources actively, so that more suitable potential target cells under their control can be added, released or modified in time.

It may be a bit controversial whether existing potential target node is allowed to add new potential target cells e.g. based on measurement report info from source node. Unlike MR-DC where the SCG cells are transparent to MN, in CHO preparation, the potential  target cells should be within the scope of source node. Hence, to avoid the risk of being beyond scope, target node can be prevented from adding new potential target cells.

Proposal 3: To allow the potential target node to modify, release existing prepared CHO resources with different potential target cells in its own control, subject to UE mobility and varying radio/load conditions.

Proposal 3bis: [FFS] Potential target node can be prevented from adding new target cells, i.e. only source node can request adding new potential target cells.
To enable the potential target node to request (adding), modifying or releasing the CHO resources actively, two new elements seem necessary:

1: source node needs to convey the UE RRM measurement results towards potential target nodes for decision assistance;

2: new procedure/message initiated by the potential target node, as currently there is no such function.
Proposal 4: To assist CHO modification (modify or release existing CHO resources) initiated by the potential target node, source node had better convey the UE RRM measurement results towards potential target nodes for decision assistance.

Proposal 4bis: Even if the source node does not convey any UE RRM measurement result, the potential target node may still perform modify or release existing CHO resources, e.g. subject to local load conditions.
The new procedure/messages for CHO modification initiated by the potential target node may behave like SN Modification Required/Confirm in DC case. Hence, we suggest introducing new class 1 procedure: CHO Modification Required/Confirm, with which the potential target node can at least perform modify or release local CHO resources. By using CHO Modification Required/Confirm procedure, there should be at least one potential target cell still left. If all CHO resources within one potential target node are to be released, “HO Cancel” procedure initiated by the potential target node can be used, i.e. the “CHO Release” function can be achieved by “HO Cancel”.

Proposal 5: To realize CHO modification (modify or release existing CHO resources) initiated by the potential target node, to introduce one new class 1 procedure: CHO Modification Required/Confirm, following the behavior like SN Modification Required/Confirm.
Proposal 5bis: If all CHO resources within one potential target node are to be released, “HO Cancel” procedure initiated by the potential target node can be used.

For the CHO modification initiated by the source node, new class 1 procedure: CHO Modification Request/Request Acknowledge may be considered to be introduced and can follow the behaviour like SN Modification Request/Request Acknowledge in DC case, but since it has been agreed “Reuse existing HO Prep procedure for CHO prep”, such new class 1 procedure may not be necessary, namely, legacy HO Request (Acknowledge) procedure can still be reused for CHO modification (add, release or modify the CHO resources)  initiated by the source node.

Proposal 6: For CHO modification (at least add and modify existing CHO resources) initiated by the source node, to reuse legacy HO Request (Acknowledge) procedure, no need for new procedure like CHO Modification Request/Request Acknowledge.

Per current BLCR, in the HANDOVER REQUEST message, there is only one code point “CHO-initiation” in the new IE “Conditional Handover Information” such as: 

	Conditional Handover Information
	O
	
	ENUMERATED (CHO-initiation, …)
	
	YES
	reject


The code point “CHO-initiation” can only be used for adding new potential target cell.

In order to modify existing CHO resources, one new code points such as “CHO-modify” is needed, so that source node can modify existing potential target cells.
In order to release existing potential target cells with CHO resources, one new code points such as “CHO-release” may be needed, so that source node can release existing potential target cells actively.
If all existing CHO resources within one potential target node are to be released, “HO Cancel” procedure initiated by the source node can be reused, i.e. the “CHO Release” function can be achieved by legacy “HO Cancel”.

Proposal 7: To add up two new code points such as “CHO-modify” and “CHO-release” in new IE “Conditional Handover Information” , in order to enable source node to modify and release existing potential target cells.

Proposal 7bis: If all existing CHO resources within one potential target node are to be released, legacy “HO Cancel” procedure initiated by the source node can be reused.

Per current BLCR,  in the HANDOVER REQUEST message, single  “Target Cell Global ID” is associated with single “Conditional Handover Information” IE. If single HANDOVER REQUEST message is used to manage multiple potential target cells simultaneously, as proposed in another Tdoc, “Additional Potential Target Cell Global ID List” should be included in the HANDOVER REQUEST message, then the IE “Conditional Handover Information” had better be associated with each potential target cell. In such way, single HANDOVER REQUEST message can be used to add, modify and release different  potential target cells simultaneously.

Proposal 8: The new IE “Conditional Handover Information” should be associated to each  potential target cell in the new IE “Additional Potential Target Cell Global ID List” in HANDOVER REQUEST message.
Conclusion
RAN3 is kindly asked to consider following proposals:

Proposal 1: For each accepted/existing potential target cell with prepared CHO resources, to allow both source and target node to modify them when necessary, e.g. based on radio/load conditions.

Proposal 2: To allow the source node to add new, release existing prepared CHO resources with different potential target cells, subject to UE mobility and varying radio/load conditions.

Proposal 3: To allow the potential target node to modify, release existing prepared CHO resources with different potential target cells in its own control, subject to UE mobility and varying radio/load conditions.

Proposal 3bis: [FFS] Potential target node can be prevented from adding new target cells, i.e. only source node can request adding new potential target cells.

Proposal 4: To assist CHO modification (modify or release existing CHO resources) initiated by the potential target node, source node had better convey the UE RRM measurement results towards potential target nodes for decision assistance.

Proposal 4bis: Even if the source node does not convey any UE RRM measurement result, the potential target node may still perform modify or release existing CHO resources, e.g. subject to local load conditions.

Proposal 5: To realize CHO modification (modify or release existing CHO resources) initiated by the potential target node, to introduce one new class 1 procedure: CHO Modification Required/Confirm, following the behavior like SN Modification Required/Confirm.
Proposal 5bis: If all CHO resources within one potential target node are to be released, “HO Cancel” procedure initiated by the potential target node can be used.

Proposal 6: For CHO modification (at least add and modify existing CHO resources) initiated by the source node, to reuse legacy HO Request (Acknowledge) procedure, no need for new procedure like CHO Modification Request/Request Acknowledge.

Proposal 7: To add up two new code points such as “CHO-modify” and “CHO-release” in new IE “Conditional Handover Information” , in order to enable source node to modify and release existing potential target cells.

Proposal 7bis: If all existing CHO resources within one potential target node are to be released, legacy “HO Cancel” procedure initiated by the source node can be reused.

Proposal 8: The new IE “Conditional Handover Information” should be associated to each  potential target cell in the new IE “Additional Potential Target Cell Global ID List” in HANDOVER REQUEST message.
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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
	
	–
	

	Conditional Handover Information
	O
	
	ENUMERATED (CHO-initiation, CHO-Modify,CHO-Release, …)
	
	YES
	reject

	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
	
	
	
	
	
	

	>Conditional Handover Information
	O
	
	ENUMERATED (CHO-initiation,

CHO-Modify,CHO-Release,, …)
	
	YES
	reject
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