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1	Introduction
Last several meetings discussed inter-system load balancing. In addition, last meeting agreed a TP to NGAP which provides the initial stg3 details related to inter-system load balancing; however, there’s still some open issues regarding the discussion and the agreed TP.
This contribution discusses remaining issues on load metrics of the inter-system load balancing.
2	Discussion
Last meeting agreed the TP to NGAP for inter-system load balancing, and the latest version of BLCR [1] has captured this agreed TP, and there are still several open issues regarding the load metrics.
The first open issue is the introduction of PRB usage as a load metric. In short, we support to introduce PRB usage, and the details can be found in our companion contribution.
Proposal 1: Introduce PRB usage as a load metric.
The second open issue is whether to report RRC connections from E-UTRAN to NG-RAN, which is not given in [1],
------------------------------------------------------------Start of quotation------------------------------------------------------------
9.3.3.yy2	Inter-system Resource Status Report
This IE contains the Inter-system load report. 

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

	CHOICE Reporting System
	
	
	
	

	> E-UTRAN
	
	
	
	

	>>E-UTRAN Cell To Report List
	
	1
	
	

	>>>E-UTRAN Cell To Report Item
	
	1 .. < maxnoofReportedCells >
	
	

	
	
	
	
	

	>>>>Cell ID
	M
	
	E-UTRAN CGI 9.3.1.9
	Contains the E-UTRAN CGI IE.

	>>>>Composite Available Capacity Group
	M [FFS]
	
	
	Contains the Composite Available Capacity Group IE as defined in TS 36.423[40].

	>>>>Number of Active UEs
	O
	
	
	Contains the Number of Active UEs  IE as defined in TS 36.314. 

	>NG-RAN
	
	
	
	

	>>NG-RAN Cell To Report List
	
	1
	
	

	>>> NG-RAN Cell To Report Item
	
	1 .. < maxnoofReportedCells >
	
	

	>>>>Cell ID
	M
	
	NG-RAN CGI 9.3.1.73
	Contains the NG-RAN CGI IE.

	>>>>Composite Available Capacity Group
	M [FFS]
	
	
	Contains the Composite Available Capacity Group IE as defined in TS 36.423[40]. [FFS]

	>>>>Number of Active UEs
	O
	
	
	Contains the Number of Active UEs  IE as defined in TS 38.423[24].

	>>>>RRC Connections
	O
	
	
	Contains the RRC Connections  IE as defined in TS 38.423[24].



------------------------------------------------------------End of quotation------------------------------------------------------------
Note that in RAN3#112-e, we’ve agreed to introduce RRC connections as one additional load metric for inter-system load balancing,
RRC connections, Number of active UEs are introduced for inter system load balancing. PRB usage is FFS.
The above agreement gives us an impression that RRC Connections should be reported in both directions. In addition, recall that RRC Connections has been introduced as the load metric for intra-NR MLB, and the stg3 details has been given in XnAP which is quoted as below,
------------------------------------------------------------Start of quotation------------------------------------------------------------
[bookmark: OLE_LINK15][bookmark: _Toc44497644][bookmark: _Toc45108032][bookmark: _Toc45901652][bookmark: _Toc51850732]9.2.2.56	RRC Connections
The RRC Connections IE indicates the overall status of RRC connections per cell.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Number of RRC Connections
	M
	
	9.2.2.57
	

	Available RRC Connection Capacity Value
	M
	
	9.2.2.58
	



[bookmark: _Hlk44423724][bookmark: _Toc44497645][bookmark: _Toc45108033][bookmark: _Toc45901653][bookmark: _Toc51850733]9.2.2.57	Number of RRC Connections
The Number of RRC Connections IE indicates the absolute number of UEs in RRC_CONNECTED mode.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Number of RRC Connections
	M
	
	INTEGER (1..65536,...)
	



[bookmark: _Hlk44423737][bookmark: _Toc44497646][bookmark: _Toc45108034][bookmark: _Toc45901654][bookmark: _Toc51850734]9.2.2.58	Available RRC Connection Capacity Value
The Available RRC Connection Capacity Value IE indicates the residual percentage of the number of RRC connections, relative to the maximum number of RRC connections supported by the cell.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Available RRC Connection Capacity Value
	M
	
	INTEGER (0..100)
	Value 0 indicates no available capacity, and 100 indicates maximum available capacity with respect to the whole cell. Capacity Value should be measured on a linear scale.


------------------------------------------------------------End of quotation------------------------------------------------------------
From our understanding, it is straight-forward to reuse RRC Connections as defined in XnAP for inter-system load reporting in both directions. As mentioned above, RRC Connections have already been defined to be reported over NGAP in [1] from NG-RAN to E-UTRAN. But [1] did not introduce RRC Connections from E-UTRAN to NG-RAN.
In our opinion, since there’s potentially no difference on the definition of number of RRC connections and available RRC connection capacity value between LTE and NR, it is also beneficial to reuse RRC Connections as defined in XnAP for inter-system load reporting from E-UTRAN to NG-RAN, and we believe it will not bring too much extra complexity to an eNB by measuring the number and available capacity of RRC connections; in fact, RRC connections has been used for load reporting in our current LTE network.
Proposal 2: Introduce the RRC Connections for inter-system load reporting from E-UTRAN to NG-RAN, and reuse the definitions specified in TS 38.423.
The next open issue is whether CAC should be set mandatory for load reporting. In our understanding, since CAC has been chosen as the trigger for the event-triggered load reporting, and CAC will be anyway calculated out to support event-triggered reporting, there’s no harm to report CAC together with other metrics, so under event-triggered case, CAC could be reported mandatorily.
On the other hand, for periodic load reporting, we are also fine to mandatorily report CAC; however, we need to re-iterate the fact that the mechanism for the load reporting has been quite mature since LTE, and all load metrics already considered, including PRB usage, CAC, RRC Connections and Number of active UEs, have been proven to be beneficial in the current network. In our understanding, the spec will define a whole set of metrics which has been proven to be useful or are believed to be useful depending on different use cases, and operators should be provided with the flexibility to request load metrics to be reported according to the requirement, deployment and experience etc.
Observation 1: Operators should be provided with the flexibility to request load metrics to be reported according to the requirement, deployment and experience etc.
Proposal 3: Support to report CAC mandatorily, and remove all related FFSes.
At last, since there are only two meetings left, but we still do not have TPs to 38300 and 36300 which are believed to have inter-system load balancing related spec impact, we provide TPs to 38413, 38300 and 36300 as Annex which reflects all proposals proposed both in this paper and in our companion paper.
Proposal 4: Agree TPs to 38.413, 38.300 and 36.300 as in Annex.
3	Conclusion
This contribution discusses inter-system load balancing, and provides following proposals,
Proposal 1: Introduce PRB usage as a load metric.
Proposal 2: Introduce the RRC Connections for inter-system load reporting from E-UTRAN to NG-RAN, and reuse the definitions specified in TS 38.423.
Observation 1: Operators should be provided with the flexibility to request load metrics to be reported according to the requirement, deployment and experience etc.
Proposal 3: Support to report CAC mandatorily, and remove all related FFSes.
Proposal 4: Agree TPs to 38.413, 38.300 and 36.300 as in Annex.
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Annex A: TP for SON BLCR to 38.413

Start of Changes
9.3.3.yy1	Inter-system Resource Status Request
This IE contains information on the requested Inter-system Load Reporting reporting.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Reporting System
	
	
	
	

	> E-UTRAN
	
	
	
	

	>>E-UTRAN Cell To Report List
	
	1
	
	

	>>>E-UTRAN Cell To Report Item
	
	1 .. < maxnoofReportedCells>
	
	

	>>> Cell ID
	M
	
	E-UTRAN CGI 9.3.1.9
	Contains the E-UTRAN CGI IE.

	> NG-RAN
	
	
	
	

	>>NG-RAN Cell To Report List
	
	1
	
	

	>>>NG-RAN Cell To Report Item
	
	1 .. <maxnoofReportedCells >
	
	

	>>>> Cell ID
	M
	
	NG-RAN CGI 9.3.1.73
	Contains the NG-RAN CGI IE.

	Report Characteristics [name is FFS]
	M
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates measurement object the receiving node is requested to report.
First Bit = 
PRB usage, Second Bit =Number of Active UEs, 
Third Bit =RRC connections. 
Other bits shall be ignored by the receiving node.

	CHOICE report type
	M
	
	
	

	>Event based reporting
	
	
	
	

	>>Inter-system Resource Threshold Low
	M
	
	INTEGER (0..100)
	Inter-system Resource Status reporting is enabled when Composite Available Capacity is above this threshold or is disabled when Composite Available Capacity is below this threshold.

The reporting node sends a report when the cell Composite Available Capacity becomes greater than or equal to the threshold.

	>>Inter-system Resource Threshold High
	M
	
	INTEGER (0..100)
	Inter-system Resource Status reporting is enabled when Composite Available Capacity is below this threshold or is disabled when Composite Available Capacity is above this threshold.

The reporting node sends a report when the cell Composite Available Capacity becomes smaller than or equal to the threshold.

	>>Number Of Measurement Reporting Levels
	O
	
	ENUMERATED (2, 3, 4, 5, 10, ...)
	The reporting node divides the cell load scale into the indicated number of reporting levels, evenly distributed on a linear scale between the Inter-system Resource Threshold Low and the Inter-system Resource Threshold High. The reporting node sends a report each time the cell load changes from one reporting level to another.

	>Periodic Reporting
	
	
	
	

	>>Reporting Periodicity
	M
	
	ENUMERATED(single, 1000ms, 2000ms, 5000ms,10000ms, …)
	Periodicity that can be used for reporting. If the value is “single” there is only one report.



	Range bound
	Explanation

	maxnoofReportedCells
	Maximum no. of cells that can be reported. Value is 256 [FFS].



9.3.3.yy2	Inter-system Resource Status Report
This IE contains the Inter-system load report. 

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

	CHOICE Reporting System
	
	
	
	

	> E-UTRAN
	
	
	
	

	>>E-UTRAN Cell To Report List
	
	1
	
	

	>>>E-UTRAN Cell To Report Item
	
	1 .. < maxnoofReportedCells >
	
	

	
	
	
	
	

	>>>>Cell ID
	M
	
	E-UTRAN CGI 9.3.1.9
	Contains the E-UTRAN CGI IE.

	>>>>Composite Available Capacity Group
	M 
	
	
	Contains the Composite Available Capacity Group IE as defined in TS 36.423[40].

	>>>>Number of Active UEs
	O
	
	
	Contains the Number of Active UEs  IE as defined in TS 36.314. 

	>>>>RRC Connections
	O
	
	
	Contains the RRC Connections  IE as defined in TS 38.423[24].

	>>>> Radio Resource Status
	O
	
	
	Contains the Radio Resource Status IE as defined in TS 36.423 [40].

	>NG-RAN
	
	
	
	

	>>NG-RAN Cell To Report List
	
	1
	
	

	>>> NG-RAN Cell To Report Item
	
	1 .. < maxnoofReportedCells >
	
	

	>>>>Cell ID
	M
	
	NG-RAN CGI 9.3.1.73
	Contains the NG-RAN CGI IE.

	>>>>Composite Available Capacity Group
	M 
	
	
	Contains the Composite Available Capacity Group IE as defined in TS 36.423[40]. [FFS]

	>>>>Number of Active UEs
	O
	
	
	Contains the Number of Active UEs  IE as defined in TS 38.423[24].

	>>>>RRC Connections
	O
	
	
	Contains the RRC Connections  IE as defined in TS 38.423[24].

	>>>> Radio Resource Status
	O
	
	
	Contains the Radio Resource Status IE as defined in TS 38.423 [24].




	Range bound
	Explanation

	maxnoofReportedCells
	Maximum no. of cells that can be reported. Value is 256 [FFS].



9.3.3.yy3	Inter-system Load Reporting Reply
This IE indicates for which cell the load reporting was successfully initiated.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Reporting System
	
	
	
	

	> E-UTRAN
	
	
	
	

	>>E-UTRAN Cell To Report List
	
	1
	
	

	>>>E-UTRAN Cell To Report Item
	
	1 .. < maxnoofReportedCells>
	
	

	>>> Cell ID
	M
	
	E-UTRAN CGI 9.3.1.9
	Contains the E-UTRAN CGI IE.

	> NG-RAN
	
	
	
	

	>>NG-RAN Cell To Report List
	
	1
	
	

	>>>NG-RAN Cell To Report Item
	
	1 .. <maxnoofReportedCells >
	
	

	>>>> Cell ID
	M
	
	NG-RAN CGI 9.3.1.73
	Contains the NG-RAN CGI IE.

	>>>> Transmission Bandwidth
	M
	
	
	Contains the NR Transmission Bandwidth IE as defined in TS 38.423 [24].



	Range bound
	Explanation

	maxnoofReportedCells
	Maximum no. of cells that can be reported. Value is 256 [FFS].



End of Changes

Annex B: TP for SON BLCR to 38.300

--------------------------------------------------Start of the change---------------------------------------------------
[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;
-	Load balancing action based on handovers;
-	Adapting handover and/or reselection configuration.
[bookmark: _Toc46502089]15.5.1.2	Load reporting
15.5.1.2.1 Load reporting for intra-system scenario
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.
15.5.1.2.2 Load reporting for inter-system scenario
The load reporting function is executed by exchanging load information over the NG interface.
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);
-	Cell Capacity Class value (UL/DL relative capacity indicator);
-	Capacity value (per cell, per SSB area and per slice: UL/DL available capacity);
-	RRC connections (number of RRC connections, and available RRC Connection Capacity);
-	Number of active UEs.
Both event-triggered and periodic inter-system load reporting are supported. Event-triggered inter-system load reports are sent when the reporting node detects crossing of cell load thresholds.

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.
--------------------------------------------------End of the change-----------------------------------------------------

Annex C: TP for SON BLCR to 36.300

--------------------------------------------------Start of the change---------------------------------------------------
[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 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;
-	Load balancing action based on handovers;
-	Adapting handover and/or reselection configuration.
Triggering of each of these functions is optional and depends on implementation. Functional architecture is presented in Figure 22.4.1.1-1.



Figure 22.4.1.1-1: Functional architecture of SON load balancing
[bookmark: _Toc37760704][bookmark: _Toc46498942]22.4.1.2	Load reporting
The load reporting function is executed by exchanging cell specific load information between neighbour eNBs over the X2 interface (intra-LTE scenario) or S1 (inter-RAT scenario and EN-DC scenario).
[bookmark: _Toc20403242][bookmark: _Toc29372748][bookmark: _Toc37760705][bookmark: _Toc46498943]22.4.1.2.1	Load reporting for intra-LTE scenario
The load information consists of:
-	radio resource usage (UL/DL GBR PRB usage, UL/DL non-GBR PRB usage, UL/DL total PRB usage);
-	HW load indicator (UL/DL HW load: low, mid, high, overload);
-	TNL load indicator (UL/DL TNL load: low, mid, high, overload);
-	(Optionally) Cell Capacity Class value (UL/DL relative capacity indicator: the same scale shall apply to E-UTRAN, UTRAN and GERAN cells when mapping cell capacities on this value);
-	Capacity value (UL/DL available capacity for load balancing as percentage of total cell capacity).
NOTE 1:	Capacity value is expressed in available E-UTRAN resources.
NOTE 2:	A cell is expected to accept traffic corresponding to the indicated available capacity.
[bookmark: _Toc20403243][bookmark: _Toc29372749][bookmark: _Toc37760706][bookmark: _Toc46498944]22.4.1.2.2	Load reporting for inter-RAT scenario
The load information consists of:
-	Cell Capacity Class value (UL/DL relative capacity indicator: the same scale shall apply to E-UTRAN, UTRAN, GERAN and eHRPD cells when mapping cell capacities on this value);
-	Capacity value (UL/DL available capacity for load balancing as percentage of total cell capacity).
NOTE 1:	Capacity value is expressed in available E-UTRAN resources.
NOTE 2:	A cell is expected to accept traffic corresponding to the indicated available capacity.
Event-triggered inter-RAT load reports are sent when the reporting node detects crossing of cell load thresholds.
Load information shall be provided in a procedure separated from existing active mode mobility procedures, which shall be used infrequently and with lower priority with respect to the UE dedicated signalling.
[bookmark: _Toc46498945]22.4.1.2.3	Load reporting for EN-DC scenario
The load reporting function is executed by the way that an en-gNB provides its load information toward an eNB over the X2 interface.
For an NR cell, the following load related information should be supported which consists of:
-	Radio resource usage (per-SSB-area PRB usage: DL/UL/SUL GBR PRB usage, DL/UL/SUL non-GBR PRB usage, DL/UL/SUL total PRB usage, and DL/UL/SUL 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 (UL/DL available capacity);
To achieve load reporting function, EN-DC Resource Status Reporting Initiation & EN-DC Resource Status Reporting procedures are used.
22.4.1.2.4	Load reporting for E-UTRAN NR inter-system scenario
The load information consists of:
-	radio resource usage (UL/DL GBR PRB usage, UL/DL non-GBR PRB usage, UL/DL total PRB usage);
-	Cell Capacity Class value (UL/DL relative capacity indicator: the same scale shall apply to E-UTRAN and NR cells when mapping cell capacities on this value);
-	Capacity value (UL/DL available capacity for load balancing as percentage of total cell capacity);
-	Number of Active UEs (UL/DL number of active UEs).
- 	RRC Connections.
Both event-triggered and periodic inter-system load reporting are supported. Event-triggered inter-system load reports are sent when the reporting node detects crossing of cell load thresholds.

[bookmark: _Toc46498946]22.4.1.3	Load balancing action based on handovers
The source cell may initiate handover due to load (see clauses 10.1.2 and 10.2.2). The target cell performs admission control for the load balancing handovers. A handover preparation related to a mobility load balancing action shall be distinguishable from other handovers, so that the target cell is able to apply appropriate admission control.
[bookmark: _Toc37760708][bookmark: _Toc46498947]22.4.1.4	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.

--------------------------------------------------End of the change-----------------------------------------------------
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