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Introduction
This paper covers in further details agreements and open points to be continued, captured at RAN3#111-e meeting with respect to to Inter-System Load Balancing, as reported here below.
For NG-RAN, the agreed mechanism to report the metrics for Inter-System MLB is via modification of Inter-System SON Information IE. Additionally, at the RAN3#110-e meeting the following was agreed for reporting of Inter-System Load Balancing:
· “Introduce Inter System Load Balancing mechanisms on the basis of the solution available in E-UTRAN”
· “Introduce Inter System Load Balancing by means of mechanisms that resemble or reuse the SON Configuration Transfer IE for the purpose of configuring load balancing metrics and reporting load balancing measurements.”
· “Use S1: eNB CONFIGURATION TRANSFER, S1: MME CONFIGURATION TRANSFER, NG: UL RAN CONFIGURATION TRANSFER and  NG: DL RAN CONFIGURATION TRANSFER for the transfer of inter system load balancing via means of mechanisms that resemble or reuse the SON Configuration Transfer IEs. It is FFS whether further details on the signaling part need to be introduced.”
· “Support an explicitly signaled threshold configuration for inter system load information reporting; details are FFS.”
· “Event Based Reporting and Periodic Reporting (only in case specific conditions are met), are agreed to be supported for inter system MLB. The mechanism should avoid excessive signaling.”
· “Support periodic inter system load reporting with periodicity not lower than 1000ms and threshold-based load reporting, subject to confirmation from CT.”
Reporting of Metrics for Inter-System MLB
Two design principles have been outlined in the RAN3#110e agreements for event-based reporting and periodic based reporting of load information for inter-system load balancing:
· “Support periodic inter system load reporting with periodicity not lower than 1000ms and threshold-based load reporting, subject to confirmation from CT.”
· “Event Based Reporting and Periodic Reporting (only in case specific conditions are met), are agreed to be supported for inter system MLB. The mechanism should avoid excessive signaling
The general understating from this agreement is that inter-system reporting of load information should not create excessive signaling overhead over the involved interfaces.
For periodic inter-system load reporting, this is partly achieved by ensuring a relatively large minimum reporting periodicity of at least 1000ms. However, the design should take into consideration the amount and the type of load metrics reported, as well as the events that can trigger inter-system load reporting.
Event-based reporting, on the other hand, can more naturally enable lower levels of signaling overhead compared to the periodic-based reporting if the triggering events are properly designed. We promote the approach where the requesting node can configure an explicit load threshold to indicate, to the receiving node, when the reporting can occur: (1) when the load passes a certain threshold, or (2) when the load is between two thresholds. 
In order to limit the signaling overhead we propose to consider an event-based reporting design based on a single load metric. In particular, it seems reasonable to rely on the cell-level Composite Available Capacity (CAC) as the only load metric to be compared against the thresholds defined. This allow for a simple and more straightforward solution (compared e.g. to use one or more per-load metric thresholds). 
Although using only cell-level CAC to trigger inter-system load reporting may lead to missing some relevant events that cannot be captured by changes in cell-level CAC, designing a solution based on multiple thresholds defined for different load metrics may lead to an excessive signaling overhead, which may not be justifiable for the purpose of the sole inter-system load balancing.
Therefore, at least for rel-17, we propose to consider event-based inter-system load reporting based thresholds only on cell-level CAC.  
[bookmark: _Hlk59018609]Proposal 1: Use Composite Available Capacity at cell level as metric for Inter-System Load Balancing reporting. 
Proposal 2: Inter-System Load Balancing to report load when CAC passes a threshold or is between two thresholds. 
The details of the related signaling are in Appendix A.

Metrics for Inter-System MLB
Hereafter we discuss our views on load metrics that can be considered for inter-system MLB in Rel-17.
Composite Available Capacity
At the RAN3#110-e meeting it was agreed to adopt signaling of the Composite Available Capacity (Cell Capacity Class value and Capacity Value) for inter system MLB, with encoding defined in LTE, e.g. in TS 36.413, as a starting point. Whether CAC is encoded according to the sender’s rules was left FFS. In RAN3#111e, the discussion on CAC was continued, and it was concluded that
By signaling of the CAC for inter system load balancing, the specifications can achieve description of a working solution

- Continue discussions on CAC encoding, which also depend on development of other open issues (e.g. types of information reported)
The CAC encoded in LTE comprises only cell-level capacity values, while the CAC encoded in NR includes cell-level capacity values as well as per-SSB area capacity values. Although the NR encoding has been extended to LTE for the purpose of EN-DC (i.e., when a eNB and a gNB share a X2 interface), further extending the NG-RAN encoding to LTE of the purpose of inter-system load balance seems unnecessary due to the limited scenarios where such encoding would be needed.   
We therefore think that a solution based on encoding CAC as defined in LTE is preferable since it is applicable to both Inter-System Load Balancing from E-UTRAN to NG-RAN and Inter-System Load Balancing from NG-RAN to E-UTRAN. Our proposal is then to use the LTE encoding of CAC for Inter-System Load Balancing.
Proposal 3: For Inter-System Load Balancing, encode Composite Available Capacity Group as in LTE for both NG-RAN to E-UTRAN and E-UTRAN to NG-RAN reporting. 
Adoption of other MLB metrics for inter-system MLB
Additionally, at RAN3#111-e it was further agreed that for inter-system MLB that “the adoption of further MLB metrics is FFS”. In particular, the following was further clarified:
· “It is FFS whether to support signaling of PRB utilization for inter system load balancing in the current release.”
· “It is FFS whether to support signaling of the Number of RRC connections for inter system load balancing in the current release.”
· “Whether to support the Number of active UEs for inter system load balancing is FFS.”
· “It is FFS whether to support signaling of the TNL Available Capacity for inter system load balancing in the current release.”
· “We do not support per slice load information for inter system load balancing in the current release.” 
Hereafter we discuss our view about adopting these additional load metrics for inter-system MLB in rel-17.

PRB utilization
Although PRB utilization is a valid load metric for intra-system MLB in both LTE and NR, only a subcarrier spacing of 15 kHz is possible for LTE, which may be not the same as the one used in NR. This means that in general there is no common interpretation of PRB usage between LTE and NR (e.g. as described in Radio Resource Status IE in 38.423 for NG-RAN and in 36.423 for the EN-DC case). Moreover, PRB utilization does not reflect the available capacity used to determine if load-based mobility can be triggered. Instead, it represents the percentage of PRBs being used, independently of whether they are used for overprovisioning or for minimum resource allocation. Hence, we prefer to not consider this metrics for Inter-System MLB.
Proposal 4: Do not use PRB utilization as load metric for Inter-System Load Balancing. 

Number of RRC connections
This metric is valid for both LTE and NR, but due to the different implementation of RRC available states in LTE and NR, it provides different views in the two RATs. 
On one hand, the number of RRC connection can provide an understanding of the load in the control plane. On the other hand, an Inter-System MLB decision to move LTE users to NR based on the Number of RRC connection in NR, may result in occupying resources that potentially are needed by Inactive users at resume (the Figure below shows an example of Inter-System Load balancing from E-UTRAN to NG-RAN). 
For simplicity, and to reduce the amount of information signaled between systems, we do not think providing this information is essential at the moment.
[image: ]

Proposal 5: Do not use Number of RRC connection as load metric for Inter-System Load Balancing.

Number of active UEs
This is the mean number of active UEs as defined in TS 38.314, and it basically refers to UEs in RRC_CONNECTED state for which there is data available for transmission or reception. This metric requires full knowledge of the resource structure of the sending node, as well as knowledge of the resource utilization. It is difficult to ensure such understanding between E-UTRAN and NG-RAN, hence we prefer to not use this metric for Inter-System MLB purposes.
Proposal 6: Do not use Number of active UEs as load metric for Inter-System Load Balancing.

TNL load / capacity
The metrics used to indicate the TNL load experienced by a cell have different definitions in E-UTRAN and NG-RAN.
For E-UTRAN, in TS 36.423, the S1 TNL Load Indicator IE indicates the status of the S1 Transport Network Load experienced by the cell. The UL and DL Load Indicator are expressed with levels (LowLoad, MediumLoad, HighLoad, Overload).
For NG-RAN, in TS 38.423, the TNL Capacity Indicator IE indicates the offered and available capacity of the Transport Network experienced by the NG RAN cell. And in particular, the TNL Offered Capacity (in UL and DL) represents the maximum capacity offered by the transport portion of the cell in kbps. The TNL Available Capacity (in UL and DL) is represented as a percentage of the Offered Capacity.
As it can be seen, in order to provide a TNL load of one system that is understandable by the other system, would require an update of the concept of TNL Load in E-UTRAN and NG-RAN.
Furthermore, for the purpose of Inter-System MLB, the current metrics are not able to represent the full picture in terms of TN available resources, and the actual achievable throughput maybe impacted by bottlenecks in the transport of packets along the path used for inter-system communication.
Considering this, we would prefer a simpler solution and not include TNL Load metric for Inter-System Load Balancing.
Proposal 7: Do not use TNL Load as load metric for Inter-System Load Balancing
Conclusions
[bookmark: _In-sequence_SDU_delivery]Proposal 1: Use Composite Available Capacity at cell level as metric for Inter-System Load Balancing reporting. 
Proposal 2: Inter-System Load Balancing to report load when CAC passes a threshold or is between two thresholds.
Proposal 3: For Inter-System Load Balancing, encode Composite Available Capacity Group as in LTE for both NG-RAN to E-UTRAN and E-UTRAN to NG-RAN reporting. 
Proposal 4: Do not use PRB utilization as load metric for Inter-System Load Balancing.
Proposal 5: Do not use Number of RRC connection as load metric for Inter-System Load Balancing. 
Proposal 6: Do not use Number of active UEs as load metric for Inter-System Load Balancing. 
Proposal 7: Do not use TNL Load as load metric for Inter-System Load Balancing. 
[bookmark: _Hlk58306597]
Sample TPs mirroring the proposals above are available:
· [bookmark: _Hlk58306912]Sample TP for NGAP (38.413) is in Appendix A
· Sample TP for TS 38.300 is in Appendix B
· Sample TP for TS 36.300 is in Appendix C
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Appendix A – Sample TP for NGAP (38.413)


[bookmark: _Hlk58248168]//////////////////////////////////////// Change Start ////////////////////////////////////////////////

[bookmark: _Toc45798640][bookmark: _Toc45898029][bookmark: _Toc45658942][bookmark: _Toc45652510][bookmark: _Toc45720762][bookmark: _Toc13759735]9.3.3.34	Inter-system SON Information
This IE identifies the nature of the configuration information transferred.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Inter-system SON Information
	M
	
	
	

	>Inter-system SON Information Report
	
	
	
	

	>>Inter-system SON Information Report
	M
	
	9.3.3.36
	

	>Inter-system Resource Status Request
	
	
	
	

	>>Inter-system Resource Status Request
	M
	
	9.3.3.x1
	

	>Inter-system Resource Status Response
	
	
	
	

	>>Inter-system Resource Status Response
	M
	
	9.3.3.y1
	




//////////////////////////////////////// Next Change ////////////////////////////////////////////////


9.3.3.x1		Inter-system Resource Status Request
This IE is used to request Inter-system Resource Status reporting.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Inter-system SON Information Request Type
	M
	
	
	

	>Event based
	
	
	
	

	>> Event-based Inter-system Resource Status Request
	O
	
	9.3.3.x2
	

	>Periodic based
	
	
	
	

	>> Periodic-based Inter-system Resource Status Request
	O
	
	9.3.3.x3
	




9.3.3.x2	Event based Inter-system Resource Status Request
This IE is used to request event based Inter-system Resource Status reporting.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Inter-system Event based Resource Status Reporting Indication
	M
	
	ENUMERATED (above threshold, below threshold, between thresholds, ...)
	

	Inter-system Resource Threshold 1
	C-ifInterSystemReportOnThreshold
	
	INTEGER (0..100)
	This value represents the lower bound threshold for the Capacity Value at the load reporting cell triggering the Inter System LB reporting

	Inter-system Resource Threshold 2
	C-ifInterSystemReportOnThreshold
	
	INTEGER (0..100)
	This value represents the upper bound threshold for the Capacity Value at the load reporting cell triggering the Inter System MLB reporting



	Condition
	Explanation

	ifInterSystemReportOnThreshold
	This IE shall be present if the Inter-system Resource Report Request Indication IE is set to the value "above threshold ", “below threshold” or “between thresholds”.






9.3.3.x3	Periodic based Inter-system Resource Status Request
This IE is used to request periodic based Inter-system Resource Status reporting.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Inter-system Periodic Resource Status Reporting Indication
	M
	
	ENUMERATED (start, stop, ...)
	

	CHOICE Reporting RAT
	
	
	
	

	> E-UTRAN
	
	
	
	

	>> Cell Identity
	M
	
	OCTET STRING
	Contains the E-UTRAN CGI IE as defined in 9.1.3.9

	> NG-RAN
	
	
	
	

	>> Cell Identity
	M
	
	OCTET STRING
	Contains the NG-RAN CGI IE as defined in 9.1.3.7

	Inter-system Reporting Periodicity
	O
	
	ENUMERATED (1000ms, 2000ms, 5000ms,10000ms, …)
	





9.3.3.y1		Inter-system Resource Status Response
This IE is sent between one NG-RAN node and one E-UTRAN node to indicate that the requested Inter-system Resource Status measurements are successfully initiated.
Direction: NG-RAN node  E-UTRAN node, E-UTRAN node  NG-RAN node

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	NG-RAN node Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node
	YES
	reject

	E-UTRAN node Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by E-UTRAN node
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore





9.3.3.36	Inter-system SON Information Report
This IE contains the configuration information to be transferred.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE SON Information Report 
	M
	
	
	

	>HO Report Information
	
	
	
	

	>>Inter-system HO Report
	M
	
	9.3.3.39
	

	>Failure Indication Information
	
	
	
	

	>>Inter-system Failure Indication
	M
	
	9.3.3.40
	

	>Inter-system Resource Status Update
	
	
	
	

	  >>Inter-system Resource Status Update
	M
	
	9.3.3.z1
	





//////////////////////////////////////// Next Change ////////////////////////////////////////////////

9.3.3.z1	Inter-system Resource Status Update
This message is sent between NG-RAN node to E-UTRAN node to report the results of the requested measurements.
Direction: NG-RAN node  E-UTRAN node, E-UTRAN node  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
	ignore

	NG-RAN node Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node
	YES
	reject

	E-UTRAN node Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by E-UTRAN node
	YES
	Reject

	CHOICE Reporting RAT
	
	
	
	
	
	

	> E-UTRAN
	
	
	
	
	
	

	>> Cell Identity
	M
	
	OCTET STRING
	Contains the E-UTRAN CGI IE as defined in 9.1.3.9
	
	

	> NG-RAN
	
	
	
	
	
	

	>> Cell Identity
	M
	
	OCTET STRING
	Contains the NG-RAN CGI IE as defined in 9.1.3.7
	
	

	Inter-system Resource Status Update
	
	
	9.3.1.z2
	
	
	

	Inter-system Resource Report Response Indication
	O
	
	ENUMERATED (start, stop, ...)
	
	
	




9.3.3.z2	Inter-system Resource Status Update
This IE contains E-UTRAN cell load information for inter-RAT or inter-system load reporting.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Composite Available Capacity
	M
	
	OCTET STRING
	Contains the Composite Available Capacity Group as defined in TS 36.423 [40]





//////////////////////////////////////// End of Changes ////////////////////////////////////////////////



Appendix B – Sample TP for 38.300


//////////////////////////////////////// Change Start ////////////////////////////////////////////////

[bookmark: _Toc46502086]15.5	Self-optimisation
[bookmark: _Toc46502087]15.5.1	Support for Mobility Load Balancing
[bookmark: _Toc46502088]15.5.1.1	General
The objective of mobility load balancing is to distribute load evenly among cells and among areas of cells, or to transfer part of the traffic from congested cell or from congested areas of cells, or to offload users from one cell, cell area, carrier or RAT to achieve network energy saving. This can be done by means of optimization of cell reselection/handover parameters and handover actions. The automation of such optimisation can provide high quality user experience, while simultaneously improving the system capacity and also to minimize human intervention in the network management and optimization tasks.
Intra-RAT and , intra-system inter-RAT and inter-system load balancing scenarios are supported.
In general, support for mobility load balancing consists of one or more of following functions:
-	Load reporting for intra-RAT and intra-system inter-RAT load balancing;
-	Load balancing action based on handovers;
-	Adapting handover and/or reselection configuration.;
-  Load reporting for inter-system load balancing.

[bookmark: _Toc46502089]15.5.1.2	Load reporting for intra-RAT and intra-system inter-RAT load balancing
The load reporting function is executed by exchanging load information over the Xn/X2/F1/E1 interfaces.
The following load related information should be supported which consists of,
-	Radio resource usage (per-cell and per SSB area PRB usage: DL/UL GBR PRB usage, DL/UL non-GBR PRB usage, DL/UL total PRB usage, and DL/UL scheduling PDCCH CCE usage);
-	TNL capacity indicator (UL/DL TNL offered capacity and available capacity);
-	Cell Capacity Class value (UL/DL relative capacity indicator);
-	Capacity value (per cell, per SSB area and per slice: UL/DL available capacity);
-	HW capacity indicator (offered throughput and available throughput over E1, percentage utilisation over F1);
-	RRC connections (number of RRC connections, and available RRC Connection Capacity);
-	Number of active UEs.
To achieve load reporting function, Resource Status Reporting Initiation & Resource Status Reporting procedures are used.
15.5.1.3	Load balancing action based on handovers
The source cell may initiate handover due to load. The target cell performs admission control for the load balancing handovers. A handover preparation related to a mobility load balancing action is distinguishable from other handovers, so that the target cell is able to apply appropriate admission control.
[bookmark: _Toc46502090]15.5.1.4	Adapting handover and/or reselection configuration
This function enables requesting of a change of handover and/or reselection parameters at target cell. The source cell that initialized the load balancing estimates if it is needed to change mobility configuration in the source and/or target cell. If the amendment is needed, the source cell initializes mobility negotiation procedure toward the target cell.
The source cell informs the target cell about the new mobility setting and provides cause for the change (e.g. load balancing related request). The proposed change is expressed by the means of the difference (delta) between the current and the new values of the handover trigger. The handover trigger is the cell specific offset that corresponds to the threshold at which a cell initialises the handover preparation procedure. Cell reselection configuration may be amended to reflect changes in the HO setting. The target cell responds to the information from the source cell. The allowed delta range for HO trigger parameter may be carried in the failure response message. The source cell should consider the responses before executing the planned change of its mobility setting.
All automatic changes on the HO and/or reselection parameters must be within the range allowed by OAM.


//////////////////////////////////////// Next Change ////////////////////////////////////////////////

15.5.1.x	Load reporting for inter-system load balancing
The load reporting function for inter-system load balancing is executed by exchanging load information between NG-RAN and E-UTRAN.
The following load related information should be supported which consists of:
-	Cell Capacity Class value (UL/DL relative capacity indicator);
-	Capacity value (per cell: UL/DL available capacity);
To achieve load reporting function, Uplink RAN Configuration Transfer and Downlink RAN Configuration Transfer procedures are used.

//////////////////////////////////////// End of Changes ////////////////////////////////////////////////


Appendix C – Sample TP for 36.300



//////////////////////////////////////// Change Start ////////////////////////////////////////////////
[bookmark: _Toc20403240][bookmark: _Toc29372746][bookmark: _Toc37760702][bookmark: _Toc46498940]22.4.1	Support for Mobility Load Balancing
[bookmark: _Toc20403241][bookmark: _Toc29372747][bookmark: _Toc37760703][bookmark: _Toc46498941]22.4.1.1	General
The objective of load balancing is to distribute cell load evenly among cells or to transfer part of the traffic from congested cells. This is done by the means of self-optimisation of mobility parameters or handover actions.
Self-optimisation of the intra-LTE, and inter-RAT and inter-system mobility parameters to the current load in the cell and in the adjacent cells can improve the system capacity compared to static/non-optimised cell reselection/handover parameters. Such optimisation can also minimize human intervention in the network management and optimisation tasks.
Support for mobility load balancing consists of one or more of following functions:
-	Load reporting (for intra-LTE, inter-RAT and EN-DC scenarios);
-	Load balancing action based on handovers;
-	Adapting handover and/or reselection configuration;.
-  Load reporting for inter-system load balancing.

Triggering of each of these functions is optional and depends on implementation. Functional architecture is presented in Figure 22.4.1.1-1.

//////////////////////////////////////// Next Change ////////////////////////////////////////////////
22.4.1.2.x	Load reporting for inter-system load balancing
The load reporting function for inter-system load balancing is executed by exchanging load information between E-URAN and NG-RAN.
The following load related information should be supported which consists of:
-	Cell Capacity Class value (UL/DL relative capacity indicator);
-	Capacity value (per cell: UL/DL available capacity);
To achieve the load reporting function, eNB Configuration Transfer and MME Configuration Transfer procedures are used.


//////////////////////////////////////// End of Changes ////////////////////////////////////////////////
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