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1. Introduction
This paper discuss possible enhancements for load balancing, namely a discussion on the per slice PRB reporting and adding slicing to MSC.
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2.1 PRB reporting per slice 
In the last meeting, the PRB reporting per slice was agreed with the following FFS
	>>S-NSSAI
	M
	
	9.3.1.38
	

	>>S-NSSAI DL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL GBR PRB usage for this slice. [FFS on the reference for the percentage calculation]

	>>S-NSSAI UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL GBR PRB usage for this slice. [FFS on the reference for the percentage calculation]

	>>S-NSSAI DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL non-GBR PRB usage for this slice. [FFS on the reference for the percentage calculation]

	>>S-NSSAI UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL non-GBR PRB usage for this slice. [FFS on the reference for the percentage calculation]

	>>Slice DL Total PRB allocation
	M
	
	INTEGER (0..100)
	Total amount of DL PRBs available per cell for this slice if all the resources the slice could access were usable.

	>>Slice UL Total PRB allocation
	M
	
	INTEGER (0..100)
	Total amount of UL PRBs available per cell for this slice if all the resources the slice could access were usable.



The problem is how to encode and interpret the reported S-NSSAI PRB usage IEs. There are two options:
1. we indicate the PRBs per cell, i.e. the PRBs used compared to the total PRBs available in the cell. 
2. we indicate the PRBs per avivailable resources for this slice in the cell, i.e. the PRBs used compared to the total PRBs available for this slice in the cell, which corresponds to the Slice DL/UL Total PRB allocation IE.
To further illustrate the difference between these solutions, we assume that we signal the following two values:
· S-NSSAI DL GBR PRB usage = X [0..100]
· Slice DL Total PRB allocation = Y [0..100]

In order to calculate used and available PRBs per slice, we would calculate this as follows for the two options:
· Option 1
· Used PRBs = X * PRB_TOTAL
· Free PRBs = (Y-X) * PRB_TOTAL

· Option 2
· Used PRBs = X * Y * PRB_TOTAL
· Free PRBs = (100 - X) * (Y) * PRB_TOTAL
As can be seen, there is no fundamental difference between the two. The difference is rather in the details. In option 1, we keep similar encoding as the existing PRB usage signalling, i.e. PRB usage per cell. If we go for option 2, we would instead end up with the following semantics 
· "DL GBR PRB usage for this slice divided by the Slice DL Total PRB allocation for this slice ".
During the offline it was mentioned that one advantage of option 2 is that option 1 would allow signalling of a higher PRB usage than allocated, i.e. in the example above X would be higher than Y and that this may confuse the receiving node. We do not see this as a big problem. 
Our preference would be to stick with option 1 and remove the FFS.
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2.2 Number of inactive
The claimed motivation for this is twofold:
1. The metric gives an idea of the remaining “capacity” in terms of UEs that can be moved to Inactive. If a source RAN node serves a UE with a traffic pattern that calls for frequent Inactive transitions, that source node would benefit in knowing whether, at a given target cell, the UE can still be sent to Inactive.
2. Additionally, this metric can be used to deduce information on number of available RRC connections. Assuming that Inactive UEs resume, at least in part, in the same serving cell, it can be deduced what is the “real” RRC connection
Regarding the first motivation, we do not see the benefit. The whole idea of moving to inactive would be to reduce resource usage for both the RAN node and for the UE. Keeping an active connection seems more resource consuming. Hence this could possibly be important for implementations with fragmented resource handling due to implementation choices.
Regarding the 2nd motivation, this is related to a long discussions on predicting load by idle UEs. The problem is that even if we know where the UE was before, this does not mean we know where the UE are now and even if/when it will pop up in the future. 
Based on the above, we do not see the benefit of this metric.
2.3 Slice in MSC
When MLB is sued, the HO trigger is moved from the default value (i.e. the best HO point) in order to balance the cells. Therefore, it could make sense to be more aggressive in moving the HO trigger for services with less strict requirements (to balance the load) while still keeping some services at the default HO trigger point.
In the past, there was a discussion to use different mobility parameters for different UE groups. In principle, the source can always choose when to make a HO, but if we do not inform neighbours, this may lead to ping pong. Some ideas discussed before were:
· 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
· Include an offset to the default HO trigger in each HO preparation (if source use an offset, we signal this to target)
Some problems were identified for the above solutions:
· UE group: Difficult to specify UE groups in a flexible way. All criteria would need to be standardised. No freedom for implementation
· Specific offset: Only helps in one HO. Does not help for future HO
In NG-RAN we have slices. A large part of the required functionality is already in place. Different slices may have different requirements. The slice is given from CN, i.e. we already have a simple way to differentiate UE behaviour. We already signal list of slices currently used during mobility. 
If slicing would be used, it would probably beneficial to not exchange completely separate thresholds for each slice, but rather signal an offset compared to the cell specific handover threshold. It is also suggested that this should be slightly less complex compared to the cell specific exchange, i.e. there is no negotiation on the offsets where the peer node can respond with an allowed range. 
One additional issue that needs to be discussed is the mapping of slice into mobility group. Since each UE may have more than one slice active at the time of handover. The slice related information available is available either allowed S-NSSAI or the list of S-NSSAI currently in use by existing PDU sessions. If this information is to be used for mobility decisions, we believe that it is more important to use the latter, since this list indicates slices that are currently used.
But since a UE may have one or more S-NSSAI in this list, we need to discuss the mapping of this into a single HO trigger value.
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 services.
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Based on the discussion in this paper, we propose the following:
Proposal 1:	Remove the FFS for per slice reporting of PRB
Proposal 2:	Include Slice specific offset in MSC exchange.

Annex – TP for TS 38.423
[bookmark: _Toc525680103]<<<<<<<<<<<<<<<<<<<< First Changes Begin >>>>>>>>>>>>>>>>>>>>
[bookmark: _Hlk44418681][bookmark: _Toc14207534][bookmark: _Toc44497459][bookmark: _Toc45107847][bookmark: _Toc45901467][bookmark: _Toc51850546][bookmark: _Toc56693549][bookmark: _Toc64447092][bookmark: _Toc66286586][bookmark: _Hlk44418792][bookmark: _Toc44497464][bookmark: _Toc45107852][bookmark: _Toc45901472][bookmark: _Toc51850551][bookmark: _Toc56693554][bookmark: _Toc58484111][bookmark: _Toc14207736][bookmark: _Toc44497546][bookmark: _Toc45107934][bookmark: _Toc45901554][bookmark: _Toc51850633]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.
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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.
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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.
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Void.
8.4.10	Resource Status Reporting Initiation
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This procedure is used by an NG-RAN node to request the reporting of load measurements to another NG-RAN node.
The procedure uses non UE-associated signalling.
[bookmark: _Toc44497466][bookmark: _Toc45107854][bookmark: _Toc45901474][bookmark: _Toc51850553][bookmark: _Toc56693556][bookmark: _Toc58484113]8.4.10.2	Successful Operation


Figure 8.4.10.2-1: Resource Status Reporting Initiation, successful operation
NG-RAN node1 initiates the procedure by sending the RESOURCE STATUS REQUEST message to NG-RAN node2 to start a measurement, stop a measurement or add cells to report for a measurement. Upon receipt, NG-RAN node2:
-	shall initiate the requested measurement according to the parameters given in the request in case the Registration Request IE set to "start"; or
-	shall stop all cells measurements and terminate the reporting in case the Registration Request IE is set to "stop"; or
-	shall add cells indicated in the Cell To Report List IE to the measurements initiated before for the given measurement IDs, in case the Registration Request IE is set to "add". If measurements are already initiated for a cell indicated in the Cell To Report List IE, this information shall be ignored.
If the Registration Request IE is set to "start" in the RESOURCE STATUS REQUEST message and the Report Characteristics IE indicates cell specific measurements, the Cell To Report List IE shall be included.
If Registration Request IE is set to "add" in the RESOURCE STATUS REQUEST message, the Cell To Report List IE shall be included.
If NG-RAN node2 is capable to provide all requested resource status information, it shall initiate the measurement as requested by NG-RAN node1 and respond with the RESOURCE STATUS RESPONSE message.
Interaction with other procedures
When starting a measurement, the Report Characteristics IE in the RESOURCE STATUS REQUEST indicates the type of objects NG-RAN node2 shall perform measurements on. For each cell, NG-RAN node2 shall include in the RESOURCE STATUS UPDATE message:
-	the Radio Resource Status IE, if the first bit, "PRB Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1". If NG-RAN node2 is a gNB and if the cell for which Radio Resource Status IE is requested to be reported supports more than one SSB, the Radio Resource Status IE for such cell shall include the SSB Area Radio Resource Status Item IE for all SSB areas supported by the cell. If the SSB To Report List IE is included for a cell, the Radio Resource Status IE for such cell shall include the requested SSB Area Radio Resource Status List IE; If the cell for which Radio Resource Status IE is requested to be reported supports more than one slice, and if the Slice To Report List IE is included for a cell, the Radio Resource Status IE for such cell shall, if supported, include the requested Slice Radio Resource Status Item IE;
-	the TNL Capacity Indicator IE, if the second bit, "TNL Capacity Ind Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1". The received TNL Capacity Indicator IE represents the lowest TNL capacity available for the cell.
-	the Composite Available Capacity Group IE, if the third bit, "Composite Available Capacity Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1". If the Cell Capacity Class Value IE is included within the Composite Available Capacity Group IE, this IE is used to assign weights to the available capacity indicated in the Capacity Value IE. If NG-RAN node2 is a gNB and if the cell for which Composite Available Capacity Group IE is requested to be reported supports more than one SSB, the Composite Available Capacity Group IE for such cell shall include the SSB Area Capacity Value List for all SSB areas supported by the cell, providing the SSB area capacity with respect to the Cell Capacity Class Value. If the SSB To Report List IE is included for a cell, the Composite Available Capacity Group IE for such cell shall include the requested SSB Area Capacity Value List IE.
If the cell for which Composite Available Capacity Group IE is requested to be reported supports more than one slice, and if the Slice To Report List IE is included for a cell, the Slice Available Capacity IE for such cell shall include the requested Slice Available Capacity Value Downlink IE and Slice Available Capacity Value Uplink IE, providing the slice capacity with respect to the Cell Capacity Class Value.
- 	the Number of Active UEs IE, if the fourth bit, "Number of Active UEs" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1";
-	the RRC Connections IE, if the fifth bit, "RRC Connections" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1".
If the Reporting Periodicity IE in the RESOURCE STATUS REQUEST is present, this indicates the periodicity for the reporting of periodic measurements. the NG-RAN node2 shall report only once, unless otherwise requested within the Reporting Periodicity IE.
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

	NG-RAN node2 Proposed Slice Offset List
	0..1
	
	
	
	YES
	ignore

	> NG-RAN node2 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 Information 
	
	
	9.2.2.60
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofSliceItems
	Maximum no. of signalled slice support items. Value is 1024. 
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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
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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
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The Radio Resource Status IE indicates the usage of the PRBs per cell, and per SSB area, and per slice for all traffic in Downlink and Uplink and the usage of PDCCH CCEs for Downlink and Uplink scheduling. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Radio Resource Status Type
	M
	
	
	

	>ng-eNB
	
	
	
	

	>>DL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL GBR PRB usage

	>>UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL GBR PRB usage

	>>DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL non-GBR PRB usage

	>>UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL non-GBR PRB usage

	>>DL Total PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL Total PRB usage

	>>UL Total PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL Total PRB usage

	>gNB
	
	
	
	

	>>SSB Area Radio Resource Status List
	
	1
	
	

	>>>SSB Area Radio Resource Status Item
	
	1..<maxnoofSSBAreas>
	
	

	>>>>SSB Index
	M
	
	INTEGER (0..63)
	

	>>>>SSB Area DL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL GBR PRB usage

	>>>>SSB Area UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL GBR PRB usage

	>>>>SSB Area DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL non-GBR PRB usage

	>>>>SSB Area UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL non-GBR PRB usage

	>>>>SSB Area DL Total PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area DL Total PRB usage

	>>>>SSB Area UL Total PRB usage
	M
	
	INTEGER (0..100)
	Per SSB area UL Total PRB usage

	>>DL scheduling PDCCH CCE usage
	O
	
	INTEGER (0..100)
	

	>>UL scheduling PDCCH CCE usage
	O
	
	INTEGER (0..100)
	

	>>Slice Radio Resource Status List
	
	0..1
	
	

	>>>Slice Radio Resource Status Item
	
	1..< maxnoofBPLMNs >
	
	

	>>>>PLMN Identity
	M
	
	9.2.2.4
	

	>>>>S-NSSAI Radio Resource Status List
	
	1
	
	

	>>>>>S-NSSAI Radio Resource Status Item
	
	1..<maxnoofSliceItems>
	
	

	>>>>>>S-NSSAI
	M
	
	9.2.3.21
	

	>>>>>>Slice DL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL GBR PRB usage for this slice

	>>>>>>Slice UL GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL GBR PRB usage for this slice

	>>>>>>Slice DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell DL non-GBR PRB usage for this slice 

	>>>>>>Slice UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	Per cell UL non-GBR PRB usage for this slice

	>>>>>>Slice DL Total PRB allocation
	M
	
	INTEGER (0..100)
	Total amount of DL PRBs available per cell for this slice if all the resources the slice could access were usable.

	>>>>>>Slice UL Total PRB allocation
	M
	
	INTEGER (0..100)
	Total amount of UL PRBs available per cell for this slice if all the resources the slice could access were usable.



	Range bound
	Explanation

	maxnoofSSBAreas
	Maximum no. SSB Areas that can be served by a NG-RAN node cell. Value is 64.

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

	maxnoofBPLMNs
	Maximum no. of broadcast PLMNs by a cell. Value is 12.
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