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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This paper aims to discuss possible enhancements for load balancing and proposal our related TP for TS 38.423.
2. Background
MSC was introduced to enable neighbouring nodes to adjust mobility parameters for MRO and MLB purposes. The main reason is to enable the preservation of hysteresis during mobility, sot that modifications of parameters does not result in ping pong. 
In principle, the source can always choose when to make a HO by taking the full knowledge about the UE into account, but if we do not inform the target about this we may end up with ping pong. So far the MSC algorithm only support a single threshold assumed to be applied to all UEs.
Before the concept of slice, there was a discussion in LTE about how to enhance MSC to enable the use of different mobility parameters for different UE groups. Some ideas discussed before were:
· [bookmark: _Toc90923235]Define UE groups, i.e. based on mobility, CQI etc., that maps to a group ID. Exchange different HO trigger thresholds for these groups over MSC
· [bookmark: _Toc90923236]Include an offset to the default HO trigger in each HO preparation (if source use an offset, we signal this to target)
[bookmark: _Toc90923237]Some problems were identified for the above solutions:
· [bookmark: _Toc90923238]UE group: Difficult to specify UE groups in a flexible way. All criteria would need to be standardised. No freedom for implementation
· [bookmark: _Toc90923239]Specific offset: Only helps in one HO. Does not help for future HO
[bookmark: _Toc90923240]Now since we have slices in NR, this gives a simple way to differentiate UEs and adding a slice component to MSC enables us to take advantage of the MSC negotiation for specific slices 
[bookmark: _Toc90923241]Some questions/comments have been raised regarding the proposal and the usage, namely:
· [bookmark: _Toc90923242]a UE may use a set of slices, how do we map to a single HO trigger?
· [bookmark: _Toc90923243]Slices does not always map to a certain mobility requirement (a slice could contain a multitude of different services)
· [bookmark: _Toc90923244]What if the slice is not supported in the target cell

3. Discussion
3.1 Mapping for a list of slices to a single HO trigger
A UE may use a set of slices. Mobility decisions are on the other hand applicable on a per UE basis, and a UE may have multiple active slices. We have previously proposed the following three options:
Option 1: Include all combinations in MSC signalling
In this solution we would include all possible combinations S-NSSAI in use and map these to a specific HO trigger. The main drawback is that the list of offsets in MSC would need to quite long to cover all possible permutations but on the other hand, this would provide the biggest freedom for implementation.

Option 2: Use HO preparation to indicate which S-NSSAI to use for mapping

In this solution, we would include one HO trigger per S-NSSAI and use an indication in the HO preparation to indicate which one is used for mobility. This would reduce the MSC signalling but still give freedom for the source cell to select the appropriate HO trigger. The target node may then choose whether to continue using the same threshold or indicate a different S-NSSAI in future mobility

Option 3: Ordered list
In this solution, the MSC signalling includes an ordered list of HO trigger per S-NSSAI. The HO trigger is selected as the first in this list where a used S-NSSAI matches to the signalled list. This would reduce the signalling further but also the flexibility. 

Among these options, we think option 3 could be sufficient. This requires the least signalling and give a reasonable flexibility. In this way, we can for example use a specific HO trigger for a set of more sensitive slices. This would allow for an operator to e.g. preserve optimum HO triggers for certain slices while using MSC to maintain the hysteresis between the cells. 

[bookmark: _Toc90923245][bookmark: _Toc90923329]Map from active S-NSSAI to a HO trigger by exchanging an ordered list in MSC and pick the first HO trigger with an S-NSSAI matching one used by the U.
3.2 A slice may be used for a variety of services (different QoS)
We acknowledge that a slice is not always used for a single service. Each slice can contain a large number of different services with different QoS. On the other hand, we know that some slices may be used for certain customers which could require a different mobility handling. And we may also have slices with a "narrow" usage and where it would make sense to e.g. put stricter requirements on mobility performance. Therefore we think the usage of slice in MSC would be beneficial.
3.3 Slice support in target node
The question here is what happens if the target node does not support the slice. First, it is important to remember that since we are discussing functionality across Xn, the involved nodes will already know which slices are supported. It is also the case that the target will include all S-NSSAI in the HO request. 
Based on the above, we see three different possible solutions:
1. We never include the S–NSSAI not supported by the target in the MSC negotiations and also not when setting the HO trigger towards a target cell. This means that we limit the usage in S-NSSAI borders.
2. We mandate that we send also unsupported S-NSSAI in MSC and also use this when setting the HO trigger towards a target cell. Even if the target does not support a certain slice, this gives the target an understanding about what conditions were used for this mobility event so that he can prevent ping pong to the source cell. 
3. We do not specify whether unsupported S-NSSAI may be used and instead use a response in the MSC negotiation to indicate that an S-NSSAI is not supported for MSC (using existing cause value) so that the source can know whether the specific HO trigger can be used without causing ping pong. 
Regarding these options, we have no strong view since all would work. Option3 is probably the one with smallest spec impact and would give most freedom for implementation. Hence we propose t0 use option 3.
[bookmark: _Toc90923246][bookmark: _Toc90923330]The MSC includes the possibility to indicate any S-NSSAI that is not supported in the MSC negotiation. 
[bookmark: _GoBack][bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
In this paper we describe how the slice aspect can be included in the MSC. A detailed TP is included in the annex. The detailed proposals are:
Proposal 1:	Map from active S-NSSAI to a HO trigger by exchanging an ordered list in MSC and pick the first HO trigger with an S-NSSAI matching one used by the U.
Proposal 2:	The MSC includes the possibility to indicate any S-NSSAI that is not supported in the MSC negotiation.

Annex-A – TP for TS 38.423
[bookmark: _Hlk44418681][bookmark: _Toc14207534][bookmark: _Toc44497459][bookmark: _Toc45107847][bookmark: _Toc45901467][bookmark: _Toc51850546][bookmark: _Toc56693549][bookmark: _Toc64447092][bookmark: _Toc66286586]8.4.9	Mobility Settings Change
[bookmark: _Toc14207535][bookmark: _Toc44497460][bookmark: _Toc45107848][bookmark: _Toc45901468][bookmark: _Toc51850547][bookmark: _Toc56693550][bookmark: _Toc64447093][bookmark: _Toc66286587]8.4.9.1	General
This procedure enables an NG-RAN node to negotiate the handover trigger settings with a peer NG-RAN node controlling neighbouring cells.
The procedure uses non UE-associated signalling.
[bookmark: _Toc14207536][bookmark: _Toc44497461][bookmark: _Toc45107849][bookmark: _Toc45901469][bookmark: _Toc51850548][bookmark: _Toc56693551][bookmark: _Toc64447094][bookmark: _Toc66286588]8.4.9.2	Successful Operation
[image: ]
Figure 8.4.9.2-1: Mobility Settings Change, successful operation
NG-RAN node1 initiates the procedure by sending the MOBILITY CHANGE REQUEST message to NG-RAN node2.
Upon receipt, NG-RAN node2 shall evaluate if the proposed NG-RAN node2 handover trigger modification may be accepted. If NG-RAN node2 is able to successfully complete the request it shall reply with MOBILITY CHANGE ACKNOWLEDGE message.
If the Proposed Slice Offset List IE is included in the MOBILITY CHANGE REQUEST message, the receiving node may take this into account for further adjusting the handover trigger for specific UEs by applying the first adjustment item in the Proposed Slice Offset List IE matching the PLMN and S-NSSAI of this UE. 
[bookmark: _Toc14207537][bookmark: _Toc44497462][bookmark: _Toc45107850][bookmark: _Toc45901470][bookmark: _Toc51850549][bookmark: _Toc56693552][bookmark: _Toc64447095][bookmark: _Toc66286589]8.4.9.3	Unsuccessful Operation
[image: ]
Figure 8.4.9.3-1: Mobility Settings Change, unsuccessful operation
If the requested parameter modification is refused by NG-RAN node2, or if NG-RAN node2 is not able to complete the procedure, NG-RAN node2 shall send the MOBILITY CHANGE FAILURE message with the Cause IE set to an appropriate value. NG-RAN node2 may include the Mobility Parameters Modification Range IE in the MOBILITY CHANGE FAILURE message, for example in cases when the proposed change is out of the permitted range.
[bookmark: _Toc14207538][bookmark: _Toc44497463][bookmark: _Toc45107851][bookmark: _Toc45901471][bookmark: _Toc51850550][bookmark: _Toc56693553][bookmark: _Toc64447096][bookmark: _Toc66286590]8.4.9.4	Abnormal Conditions
Void.
9.1.3.22	MOBILITY CHANGE REQUEST
This message is sent by NG-RAN node1 to NG-RAN node2 to initiate adaptation of mobility parameters.
Direction: NG-RAN node1  NG-RAN node2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	NG-RAN node1 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	reject

	NG-RAN node2 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	reject

	[bookmark: OLE_LINK14]NG-RAN node1 Mobility Parameters
	O
	
	Mobility Parameters Information 9.2.2.60
	Configuration change in NG-RAN node1 cell
	YES
	ignore

	NG-RAN node2 Proposed Mobility Parameters
	M
	
	Mobility Parameters Information 9.2.2.60
	Proposed configuration change in NG-RAN node2 cell
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	reject

	Proposed Slice Offset List
	0..1
	
	
	
	YES
	ignore

	> Proposed Slice Offset Item
	1.. < maxnoofSliceItems>
	
	
	
	YES
	ignore

	>>PLMN Identity
	
	
	9.2.2.4
	
	YES
	ignore

	>>S-NSSAI
	
	
	9.2.3.21
	
	YES
	ignore

	>>Mobility Parameters Adjustment
	
	
	Mobility Parameters Information 9.2.2.60
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofSliceItems
	Maximum no. of signalled slice support items. Value is 1024. 


[bookmark: _Hlk44419382][bookmark: _Toc14207737][bookmark: _Toc44497547][bookmark: _Toc45107935][bookmark: _Toc45901555][bookmark: _Toc51850634][bookmark: _Toc56693637][bookmark: _Toc64447180][bookmark: _Toc66286674][bookmark: _Toc74151369][bookmark: _Toc81321977]
9.1.3.23	MOBILITY CHANGE ACKNOWLEDGE
This message is sent by NG-RAN node2 to indicate to NG-RAN node1 that Proposed Mobility Parameters proposed by NG-RAN node1 were accepted.
Direction: NG-RAN node2  NG-RAN node1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	NG-RAN node1 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	reject

	NG-RAN node2 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.3.2
	
	YES
	ignore



[bookmark: _Hlk44419432][bookmark: _Toc14207738][bookmark: _Toc44497548][bookmark: _Toc45107936][bookmark: _Toc45901556][bookmark: _Toc51850635][bookmark: _Toc56693638][bookmark: _Toc64447181][bookmark: _Toc66286675][bookmark: _Toc74151370][bookmark: _Toc81321978]9.1.3.24	MOBILITY CHANGE FAILURE
This message is sent by the NG-RAN node2 to indicate to NG-RAN node1 that Proposed Mobility Parameters proposed by NG-RAN node1 were refused.
Direction: NG-RAN node2  NG-RAN node1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	NG-RAN node1 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	ignore

	NG-RAN node2 Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	YES
	ignore

	Cause
	M
	
	9.2.3.2
	
	YES
	ignore

	Mobility Parameters Modification Range
	O
	
	9.2.2.61
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.2
	
	YES
	ignore




3GPP
[bookmark: _Toc20955407][bookmark: _Toc29991615][bookmark: _Toc36556018][bookmark: _Toc44497803][bookmark: _Toc45108190][bookmark: _Toc45901810][bookmark: _Toc51850891][bookmark: _Toc56693895][bookmark: _Toc64447439][bookmark: _Toc66286933]9.3.4	PDU Definitions
-- ASN1START
-- **************************************************************
--
-- PDU definitions for XnAP.
--
-- **************************************************************

-------- skip unchanged part ----------

	SNTriggered,
	SCGIndicator,
	UESpecificDRX
	SuccessfulHOReportInformation,
	ProposedSliceOffsetList

FROM XnAP-IEs


-------- skip unchanged part ----------

	id-UERadioCapabilityID,
	id-SCGIndicator,
	id-UESpecificDRX,
	id-PDUSessionExpectedUEActivityBehaviour,
	id-SuccessfulHOReportInformation,
	id-ProposedSliceOffsetList,
	
	maxnoofCellsinNG-RANnode,
	maxnoofDRBs,
	maxnoofPDUSessions,
	maxnoofQoSFlows
FROM XnAP-Constants;

-------- skip unchanged part ----------
-- **************************************************************
--
-- MOBILITY CHANGE REQUEST
--
-- **************************************************************

MobilityChangeRequest ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container	{{MobilityChangeRequest-IEs}},
	...
}

MobilityChangeRequest-IEs XNAP-PROTOCOL-IES ::= {
	{ ID id-NG-RANnode1CellID						CRITICALITY reject	TYPE GlobalNG-RANCell-ID							PRESENCE mandatory}|
[bookmark: OLE_LINK18]	{ ID id-NG-RANnode2CellID							CRITICALITY reject	TYPE GlobalNG-RANCell-ID							PRESENCE mandatory}|
	{ ID id-NG-RANnode1MobilityParameters				CRITICALITY reject	TYPE MobilityParametersInformation				PRESENCE optional}|
	{ ID id-NG-RANnode2ProposedMobilityParameters	CRITICALITY reject	TYPE MobilityParametersInformation				PRESENCE optional}|
	{ ID id-Cause										CRITICALITY ignore	TYPE Cause											PRESENCE mandatory}|
	{ ID id-ProposedSliceOffsetList						CRITICALITY ignore	TYPE ProposedSliceOffsetList						PRESENCE optional}
,
	...
}

[bookmark: _Toc20955408][bookmark: _Toc29991616][bookmark: _Toc36556019][bookmark: _Toc44497804][bookmark: _Toc45108191][bookmark: _Toc45901811][bookmark: _Toc51850892][bookmark: _Toc56693896][bookmark: _Toc64447440][bookmark: _Toc66286934][bookmark: _Toc74151632][bookmark: _Toc88654106]9.3.5	Information Element definitions
-- ASN1START
-- **************************************************************
--
-- Information Element Definitions
--
-- **************************************************************

XnAP-IEs {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0)
ngran-access (22) modules (3) xnap (2) version1 (1) xnap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::=

BEGIN
-------- skip unchanged part ----------

ProposedSliceOffsetList::= SEQUENCE (SIZE(1..maxnoofSliceItems)) OF ProposedSliceOffsetItem

ProposedSliceOffsetItem ::= SEQUENCE {
[bookmark: _Hlk23323074]	plmn-id							PLMN-Identity,
	sNSSAI							S-NSSAI,
	mobilityParametersAdjustment	MobilityParametersInformation,
	iE-Extension					ProtocolExtensionContainer { { ProposedSliceOffsetItem-ExtIEs} }		OPTIONAL,
	...
}

ProposedSliceOffsetItem-ExtIEs ::= {
	...
}

[bookmark: _Toc20955410][bookmark: _Toc29991618][bookmark: _Toc36556021][bookmark: _Toc44497806][bookmark: _Toc45108193][bookmark: _Toc45901813][bookmark: _Toc51850894][bookmark: _Toc56693898][bookmark: _Toc64447442][bookmark: _Toc66286936][bookmark: _Toc74151634][bookmark: _Toc88654108]9.3.7	Constant definitions
-- ASN1START
-- **************************************************************
--
-- Constant definitions
--
-- **************************************************************

XnAP-Constants {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0)
ngran-Access (22) modules (3) xnap (2) version1 (1) xnap-Constants (4) }

DEFINITIONS AUTOMATIC TAGS ::=

BEGIN
-------- skip unchanged part ----------
id-UESpecificDRX																					ProtocolIE-ID ::= 248
id-PDUSessionExpectedUEActivityBehaviour															ProtocolIE-ID ::= 249
id-QoS-Mapping-Information																			ProtocolIE-ID ::= 250
id-AdditionLocationInformation																		ProtocolIE-ID ::= 251
id-dataForwardingInfoFromTargetE-UTRANnode															ProtocolIE-ID ::= 252
id-SuccessfulHOReportInformation																		ProtocolIE-ID ::= xxx
id-SliceRadioResourceStatus-List																		ProtocolIE-ID ::= yyy
id-CompositeAvailableCapacitySupplementaryUplink														ProtocolIE-ID ::= zzz
id-SCGUEHistoryInformation																	ProtocolIE-ID ::= www
id-ProposedSliceOffsetList																	ProtocolIE-ID ::= ww1
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