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1. Introduction
The Inter-system load balancing was discussed during the RAN3 #112-e meeting. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Background
In the last meeting we had the following agreements:
For threshold mechanism:
The combination of range-based thresholds and explicit thresholds should be applied for event-triggered reporting, and the details are FFS.
For load metrics:
RRC connections, Number of active UEs are introduced for inter system load balancing. PRB usage is FFS.
For event-triggered reporting mechanism:
CAC is used as the triggering metric for event-triggered reporting. 
Once the threshold is met, all the load metrics requested should be reported.
For encoding of load metrics:
Encoding method of load metrics should be further studied.
Introduction of PRB usage should be further studied
 To be continued...

3. Discussion
3.1 Signalling mechanism
If we compare the load reporting on Xn, the reporting across systems needs to be much simpler. One reason is that cost of signalling is higher. Another reason is that the delay for sending the command is bigger. This means that we should consider not having too short periodicity of measurements, but also that the general mechanism should be as simple as possible:
In Xn there can be multiple measurement tasks, all identified by measurements IDs. There is also a possibility to start/stop or modify these measurements. This complexity is not needed for inter system measurements. For inter system it is enough to have one reporting task per node pair (sending/receiving). There is also no need to explicitly modify measurements. In order to keep the signalling simple we would instead propose to simply overwrite the previous measurement configuration. 
Since we assume there will be periodic and even triggered measurements, these can be defined with a choice structure.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]For differentiating between starting (and modifying) and stopping measurement, we would propose to indicate that a measurement shall stop by using periodicity value = 0. This value can also be used for requesting single measurements.
[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300][bookmark: _Toc57376393][bookmark: _Toc61545796][bookmark: _Toc76026102]Use as simple and clear message structure.
3.2 Event thresholds
The thresholds for event based signalling was discussed in LTE. The solution selected for LTE provided a simple way to send number of thresholds and was considered as an easy way for the requesting node to specify the granularity of the reporting. As described in TS 36.413:
[bookmark: _Toc20953953][bookmark: _Toc29391131][bookmark: _Toc36551870][bookmark: _Toc45832106][bookmark: _Toc51763059]B.1.11	Event-Triggered Cell Load Reporting Request
This IE contains request information for inter-RAT cell load reporting.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Number Of Measurement Reporting Levels
	M
	
	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 below the reporting node's threshold for overload. The reporting node sends a report each time the cell load changes from one reporting level to another, and when the cell load enters and exits overload state.
If the reporting RAT is eHRPD, triggering is based on sector load.



This is depicted in the figure below, where 3 reporting levels are assumed:
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Figure 1. LTE inter-system load reporting mechanism
We think this principle can be reused also for NG-RAN. One possible limitation of this scheme is however that we distribute the thresholds evenly. Considering that load balancing is typically more interesting for higher loads, one possible improvement would be to introduce a starting point for the distributions. This would make it possible to limit reporting to the overload states. This is depicted in the figure below.
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Figure 2. LTE inter-system load reporting with starting point mechanism
In this way, the node will only report when changing report levels for higher load. 
[bookmark: _Toc57376395][bookmark: _Toc61545797][bookmark: _Toc76026103]For event reporting, use same principle as in LTE but add a starting point.
In last meeting we already had an agreement that CAC is used as the only triggering metric for event-triggered reporting and that once the threshold is met, all the load metrics requested should be reported. This should also be captured in a TP for the BL CR.
3.3 CAC encoding
In order to simplify the reporting and the handling of events, we propose to report the CAC as defined in 36.423. Apart from making the signalling and threshold handling simpler, it will also be easier for the eNB to interpret. Although this information is not the same as for Xn, we think this is good enough for measurement reporting across systems
[bookmark: _Toc57376396][bookmark: _Toc61545798][bookmark: _Toc76026104]Use CAC as defined in 36.423.
3.4 Capturing agreed metrics
It was agreed to include RRC connections and Number of active UEs. We propose to simply include these in the TP.
[bookmark: _Toc76026105]Include already agreed metrics in the BL CR
3.5 Number of active NR UEs
The neighbour cell load information is also useful for the base station to decide to switch-off or switch-on capacity booster cell for energy saving. For example, there are two types of UE in general. The first type is legacy UE, where the UE can only support E-UTRAN and hence it can access to the eNB only. The second type is NR UE, where the UE supports both the E-UTRAN and the NR, and hence it can access to the ng-eNB as well as the gNB. For the inter-system energy saving, the “Number of active NR UEs” may provide valuable information as below.
[image: ]
· Scenario 1: the capacity booster cell in the gNB is active and the load is low. As potential target nodes, the eNB1 reports its load status to the gNB. The load information includes both the “Number of total active UEs” and the “Number of active NR UEs”. Assume the number of total active UEs is 100. If the number of active NR UEs is low compared to the total number, e.g. 5, the gNB may decide to switch-off the capacity booster cell to dormant state, in order to save the energy consumption. However, if the number of active NR UEs is higher than a threshold, e.g. 20, the gNB may not switch-off the capacity booster cell, because the gNB can always provide the better experience for the UE than the eNB. The eNB will then offload some NR UEs to the gNB.
· Scenario 2: the capacity booster cell in the gNB is dormant. As potential target nodes, the eNB1 reports its load status to the gNB. The load information includes both the “Number of total active UEs” and the “Number of active NR UEs”. If the number of active NR UEs grows quickly compared to the last load report, e.g. 20 vs 5, the gNB should activate the cell in order to provide better experience for the NR UEs. Another example is when the number of active NR UEs reaches a threshold, e.g. 20, the gNB should activate the cell even the load in the capacity booster cell is low.
The threshold to switch on/off the capacity booster cell based on the number of active NR UEs from the eNB may be up to the operator design.
In summary, the “Number of active NR UEs” provides valuable information for the inter-system energy saving where it gives more room for the gNB to switch off/on the capacity booster cell.
[bookmark: _Toc423019662][bookmark: _Toc423019947][bookmark: _Toc423020276][bookmark: _Toc423020293][bookmark: _Toc423020301]The “Number of active NR UEs” should be introduced in the inter-system load report.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
Based on the discussion in this paper, we propose the following:
Proposal 1:	Use as simple and clear message structure.
Proposal 2:	For event reporting, use same principle as in LTE but add a starting point.
Proposal 3:	Use CAC as defined in 36.423.
Proposal 4:	Include already agreed metrics in the BL CR.
Proposal 5:	The “Number of active NR UEs” should be introduced in the inter-system load report.
Annex – TP for TS 38.413
[bookmark: _Toc525680103]<<<<<<<<<<<<<<<<<<<< First Changes Begin >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc20954813][bookmark: _Toc29503250][bookmark: _Toc29503834][bookmark: _Toc29504418][bookmark: _Toc36552864][bookmark: _Toc36554591][bookmark: _Toc45651844][bookmark: _Toc45658276][bookmark: _Toc45720096][bookmark: _Toc45797976][bookmark: _Toc45897365][bookmark: _Toc51745565]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 38.401: "NG-RAN; Architecture description".
……
[xx]	3GPP TS 38.314: "NR; Layer 2 Measurements".

[bookmark: _Toc20954981][bookmark: _Toc29503418][bookmark: _Toc29504002][bookmark: _Toc29504586][bookmark: _Toc36553032][bookmark: _Toc36554759][bookmark: _Toc45652049][bookmark: _Toc45658481][bookmark: _Toc45720301][bookmark: _Toc45798181][bookmark: _Toc45897570]8.8.2	Downlink RAN Configuration Transfer
[bookmark: _Toc20954982][bookmark: _Toc29503419][bookmark: _Toc29504003][bookmark: _Toc29504587][bookmark: _Toc36553033][bookmark: _Toc36554760][bookmark: _Toc45652050][bookmark: _Toc45658482][bookmark: _Toc45720302][bookmark: _Toc45798182][bookmark: _Toc45897571]8.8.2.1	General
The purpose of the Downlink RAN Configuration Transfer procedure is to transfer RAN configuration information from the AMF to the NG-RAN node. This procedure uses non-UE associated signalling.
[bookmark: _Toc20954983][bookmark: _Toc29503420][bookmark: _Toc29504004][bookmark: _Toc29504588][bookmark: _Toc36553034][bookmark: _Toc36554761][bookmark: _Toc45652051][bookmark: _Toc45658483][bookmark: _Toc45720303][bookmark: _Toc45798183][bookmark: _Toc45897572]8.8.2.2	Successful Operation


Figure 8.8.2.2-1: Downlink RAN configuration transfer
The procedure is initiated with an DOWNLINK RAN CONFIGURATION TRANSFER message sent from the AMF to the NG-RAN node.
If the NG-RAN node receives, in the SON Configuration Transfer IE or in the EN-DC SON Configuration Transfer IE, the SON Information IE containing the SON Information Request IE, or in the Inter-system SON Configuration Transfer IE, the Inter-system SON information IE containing the Inter-system SON Information Request IE, it may transfer back the requested information either towards the NG-RAN node indicated in the Source RAN Node ID IE of the SON Configuration Transfer IE or towards an eNB indicated in the Source eNB-ID IE of the EN-DC SON Configuration Transfer IE by initiating the Uplink RAN Configuration Transfer procedure, or towards an eNB indicated in the Source eNB-ID IE of the Source of the Inter-system SON Configuration Transfer IE.
[bookmark: _Hlk489552232]If the NG-RAN node receives, in the SON Configuration Transfer IE, the Xn TNL Configuration Info IE containing the Xn Extended Transport Layer Addresses IE, it may use it as part of its ACL functionality configuration actions, if such ACL functionality is deployed.
If the NG-RAN node receives, in the SON Configuration Transfer IE, the SON Information IE containing the SON Information Reply IE including the Xn TNL Configuration Info IE as an answer to a former request, it may use it to initiate the Xn TNL establishment.
In case the IP-Sec Transport Layer Address IE is present and the GTP Transport Layer Addresses IE within the Xn Extended Transport Layer Addresses IE is not empty, GTP traffic is conveyed within an IP-Sec tunnel terminated at the IP-Sec tunnel endpoint given in the IP-Sec Transport Layer Address IE.
In case the IP-Sec Transport Layer Address IE is not present, GTP traffic is terminated at the endpoints given by the list of addresses in the Xn GTP Transport Layer Addresses IE within the Xn Extended Transport Layer Addresses IE.
In case the Xn GTP Transport Layer Addresses IE is empty and the IP-Sec Transport Layer Address IE is present, SCTP traffic is conveyed within an IP-Sec tunnel terminated at the IP-Sec tunnel endpoint given in the IP-Sec Transport Layer Address IE, within the Xn Extended Transport Layer Addresses IE.
In case the Xn SCTP Transport Layer Addresses IE is present and the IP-Sec Transport Layer Address IE is also present, the concerned SCTP traffic is conveyed within an IP-Sec tunnel terminated at the IP-Sec tunnel endpoint given in this IP-Sec Transport Layer Address IE, within the Xn Extended Transport Layer Addresses IE.
If the NG-RAN node receives the SON Information IE containing the SON Information Report IE it may use it as specified in TS 38.300 [8].
If the NG-RAN node receives the Inter-system SON Information IE containing the Inter-system SON Information Report IE it may use it as specified in TS 38.300 [8].
If the NG-RAN node receives the Inter-system SON Information IE containing the Inter-system SON Information Request IE, it may use it as specified in TS 38.300 [8].
If the NG-RAN receives the Inter-system SON Information IE containing the Inter-system SON Information Reply IE it may use it as specified in TS 38.300 [8]. 
If the NG-RAN node is configured to use one IPsec tunnel for all NG and Xn traffic (IPsec star topology) then the traffic to the peer NG-RAN node shall be routed through this IPsec tunnel and the IP-Sec Transport Layer Address IE shall be ignored.
[bookmark: _Toc20954984][bookmark: _Toc29503421][bookmark: _Toc29504005][bookmark: _Toc29504589][bookmark: _Toc36553035][bookmark: _Toc36554762][bookmark: _Toc45652052][bookmark: _Toc45658484][bookmark: _Toc45720304][bookmark: _Toc45798184][bookmark: _Toc45897573]8.8.2.3	Abnormal Conditions
Void.
<<<<<<<<<<<<<<<<<<<< First Changes End >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc45897785][bookmark: _Toc45798396][bookmark: _Toc45720516][bookmark: _Toc45658696][bookmark: _Toc45652264][bookmark: _Toc36554953][bookmark: _Toc36553226][bookmark: _Toc29504780][bookmark: _Toc29504196][bookmark: _Toc29503612][bookmark: _Toc20955163]9.3	Information Element Definitions
[bookmark: _Hlk44336508][bookmark: _Toc13759721][bookmark: _Toc45652509][bookmark: _Toc45658941][bookmark: _Toc45720761][bookmark: _Toc45798639][bookmark: _Toc45898028]9.3.3.33	Inter-system SON Configuration Transfer
This IE contains the configuration information, used by e.g., SON functionality, transmitted between an NG-RAN node and an eNB and additionally includes the node identifier of the destination of this configuration information and the node identifier of the source of this information.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Transfer Type
	M
	
	
	

	>from E-UTRAN to NG-RAN
	
	
	
	

	>>Source eNB-ID
	
	1
	
	

	>>>Global eNB ID
	M
	
	9.3.1.165
	

	>>>Selected EPS TAI
	M
	
	EPS TAI
9.3.3.17
	

	>>Target NG-RAN node ID
	
	1
	
	

	>>>Global RAN Node ID
	M
	
	9.3.1.5
	

	>>>Selected TAI
	M
	
	TAI
9.3.3.11
	

	>from NG-RAN to E-UTRAN
	
	
	
	

	>>Source NG-RAN Node ID
	
	1
	
	

	>>>Global RAN Node ID
	M
	
	9.3.1.5
	

	>>>Selected TAI
	M
	
	TAI
9.3.3.11
	

	>>Target eNB-ID
	
	1
	
	

	>>>Global eNB ID
	M
	
	9.3.1.165
	

	>>>Selected EPS TAI
	M
	
	EPS TAI
9.3.3.17
	

	Inter-system SON Information
	M
	
	9.3.3.34
	



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 SON Information Request
	
	
	
	

	>>Inter-system SON Information Request
	M
	
	9.3.3.xx
	

	>Inter-system SON Information Reply
	
	
	
	

	>>Inter-system SON Information Reply
	M
	
	[bookmark: OLE_LINK35]9.3.3.yy
	




[bookmark: _Toc45652512][bookmark: _Toc45658944][bookmark: _Toc45720764][bookmark: _Toc45798642][bookmark: _Toc45898031]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
	
	9.3.3.40
	

	>Failure Indication Information
	
	
	
	

	>>Inter-system Failure Indication
	M
	
	9.3.3.38
	

	>Energy Savings Indication
	
	
	
	

	>>Cell State Indication
	M
	
	9.3.3.aa
	

	>Inter-system Load Reporting
	
	
	
	

	>>Inter-system Load Report
	M
	
	9.3.3.y2
	




9.3.3.xx	Inter-system SON Information Request
This IE contains the request information to be transferred.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Inter-system SON Information Request
	M
	
	
	

	>NG-RAN Cell Activation
	
	
	
	

	>>Cell Activation Request
	M
	
	9.3.3.zz
	

	>Inter-system Load Reporting
	
	
	
	

	>>Inter-system Load Reporting Request 
	M
	
	9.3.3.y1
	




9.3.3.yy	Inter-system SON Information Reply
This IE contains the reply information to be transferred.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Inter-system SON Information Response
	M
	
	
	

	>NG-RAN Cell Activation
	
	
	
	

	>>Cell Activation Reply
	M
	
	9.3.3.bb
	

	>Inter-system Load Reporting
	
	
	
	

	>>Inter-system Load Reporting Reply 
	M
	
	9.3.3.y3
	


9.3.3.Y1	Inter-system Load Reporting Request
This IE contains information on the requested Inter-system Load Reporting reporting.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Cell List
	
	1
	
	

	>Cell Item
	
	1..<maxnoofCellList>
	
	

	>>Cell ID
	M
	
	Global Cell Identity 
9.3.1.x
	

	Report Characteristics
	M
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates measurement object the receiving node is requested to report.
First Bit = 
Composite Available Capacity, 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
	
	
	
	

	>>Number Of Measurement Reporting Levels
	M
	
	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 starting point and the reporting node's threshold for overload. The reporting node sends a report each time the cell load changes from one reporting level to another, when the cell load enters and exits overload state.

	>>Starting Point
	M
	
	INTEGER (0..100)
	This indicates the starting point expressed in percentage of the reporting range of the measurement. 

	>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

	maxnoofCellList
	Maximum no. of cells for inter system load reporting. Value is 16384.


9.3.3.Y2	Inter-system Load Report
This IE contains the Inter-system load report. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Inter-system SON Information Reply
	M
	
	
	

	>Inter-system load reporting
	
	
	
	

	>>Cell List
	
	1
	
	

	>>>Cell Item
	
	1..<maxnoofCellList>
	
	

	>>>>Cell ID
	M
	
	Global Cell Identity 
9.3.1.x
	

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

	>>>>Number of Active UEs
	O
	
	INTEGER (0..16777215, ...)
	As defined in TS 38.314 [xx]. Value "1" is equivalent to 0.1 Active UEs, value "2" is equivalent to 0.2 Active UEs, value n is equivalent to n/10 Active UEs.

	>>>>RRC Connections
	O
	
	9.3.3.zz
	



	Range bound
	Explanation

	maxnoofCellList
	Maximum no. of cells for inter system load reporting. Value is 16384.



9.3.3.y3	Inter-system Load Reporting Reply
This IE indicates for which cells the load reporting was successfully initiated.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Cell List
	
	1
	
	

	>Cell Item
	
	1..<maxnoofCellList>
	
	

	>>Cell ID
	M
	
	Global Cell Identity 
9.3.1.x 
	



	Range bound
	Explanation

	maxnoofCellList
	Maximum no. of cells for inter system load reporting. Value is 16384.



[bookmark: _Toc51850745][bookmark: _Toc56693748][bookmark: _Toc58484305]9.3.1.x	Global Cell Identity
This IE is used to globally identify an NG-RAN cell or an E-UTRAN cell (see TS 36.300 [12]).
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.2.2.4
	

	CHOICE Cell Type
	M
	
	
	

	>NG-RAN E-UTRA
	
	
	
	

	>>E-UTRA Cell Identity
	M
	
	BIT STRING (SIZE(28))
	The leftmost bits of the E-UTRA Cell Identity IE correspond to the ng-eNB ID (defined in subclause 9.3.1.8).

	>NG-RAN NR
	
	
	
	

	>>NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	The leftmost bits of the NR Cell Identity IE correspond to the gNB ID (defined in subclause 9.3.1.6).

	>E-UTRAN
	
	
	
	

	>>E-UTRAN Cell Identity
	M
	
	BIT STRING (SIZE(28))
	The leftmost bits of the E-UTRAN Cell Identity IE value correspond to the eNB ID (defined in section 9.2.22 in TS 36.423 [44]).



[bookmark: OLE_LINK15][bookmark: _Toc44497644][bookmark: _Toc45108032][bookmark: _Toc45901652][bookmark: _Toc51850732]9.3.3.zz	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
	
	9.3.3.zz1
	

	Available RRC Connection Capacity Value
	M
	
	9.3.3.zz2
	



[bookmark: _Toc44497645][bookmark: _Toc45108033][bookmark: _Toc45901653][bookmark: _Toc51850733]9.3.3.zz1	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: _Toc44497646][bookmark: _Toc45108034][bookmark: _Toc45901654][bookmark: _Toc51850734]9.3.3.zz2	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.




<<<<<<<<<<<<<<<<<<<< Changes End >>>>>>>>>>>>>>>>>>>>
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