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Introduction
According to the progress of last RAN3 meeting, the load metric is discussed, and one of which is RRC connection number. In this contribution, we provide justification of introducing RRC connection number as the load metric, and give detailed description on introducing such a metric to bring benefit for MLB operation.
Discussion
Last RAN3 meeting discussed the load metric. As one potential metric that can be introduced on the Xn interface, RRC connections indicates the C-plane capability of the cell which apparently brings benefit to perform potentially better MLB operations. Specifically, compared to the U-plane only load information exchange on Xn adopted in LTE, the introduction of C-plane metric such as RRC connections will help the node exploit the capability of adjacent nodes from another perspective.
In addition, as described in our co-signed paper with other operators, the introduction of RRC connections is comparatively acceptable to achieve a unified definition within the scope of 3GPP.
Moreover, according to the real deployment of MLB in our LTE network, the RRC connections has been adopted as one of the most essential load metrics that is exchanged on X2 for MLB purpose in LTE, and the RRC connections has already been proven to be one of the most useful load metrics for MLB besides PRB usage and PDCCH CCE usage.
For example, the source node can use this parameter to decide whether to initiate the HANDOVER REQUEST to a potential target node. If there are two potential target nodes with equivalent load on PRB usage, one with less number of RRC connections while the other with more number of RRC connections. With the information given above, the source node may prefer to trigger the handover procedure to the potential target node with less number of RRC connections because less number of connected UEs indicates more potential capability for the node.
As a summary, the load exchange for RRC connection number shall be supported.
Proposal 1: Introducing RRC connection related information as load metric.
To make a step further, in order to provide abundant useful load information between adjacent nodes, the RRC connections can be divided into two parameters, which can be denoted as Number of RRC connections and Available RRC connection capacity value.
Number of RRC connections indicates the number of UEs in RRC_CONNECTED mode under the indicated cell.
Available RRC connection capacity value indicates the residual percentage of the number of RRC connections supported by the cell, the value of which is defined as Ceil[(1-Number of RRC connections/Maximum number of RRC connections allowed by the indicated cell)*100], where Ceil[X] suggests the minimum integer that is larger than the value of X.
With the detailed definition of RRC connection number, the Stage-3 tabular can be given.
Proposal 2: Divide RRC connections into two sub-level parameters including Number of RRC connections and Available RRC connection capacity value.
Proposal 3: Agree the TP provided in the annex.
Proposal
The paper discussed the load information for MLB use case, and came to the following proposals:
Proposal 1: Introducing RRC connection number as load information.
Proposal 2: Divide RRC connection number into two sub-level parameters including Number of RRC connections and Available RRC connection capacity.
Proposal 3: Agree the TP provided in the annex.
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Annex: TP for introducing RRC connections in TS 38.423

============ Start of 1st change ==============
8.4.A	Resource Status Reporting Initiation
[bookmark: _Toc5690849]Editor’s note: The content of this section is FFS
8.4.A.1	General
This procedure is used by an NG-RAN node1 to request the reporting of load measurements to another NG-RAN node2.
The procedure uses non UE-associated signalling.
[bookmark: _Toc5690850]8.4.A.2	Successful Operation


Figure 8.4.A.2-1: Resource Status Reporting Initiation, successful operation
The procedure is initiated with a RESOURCE STATUS REQUEST message sent from NG-RAN node1 to NG-RAN node2 to start a measurement, stop a measurement, add cells to report for a measurement or remove certain cells from a measurement. 
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, the NG-RAN node2 shall include in the RESOURCE STATUS UPDATE message:
[bookmark: _Hlk20925064][bookmark: _Hlk20990721]-	[This paragraph is FFS] 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 the 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 List IE; 
-	the NG 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;
[bookmark: _Hlk20990790]-	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 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. [The following text in this paragraph is FFS] If the 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 IE and the SSB Area Capacity Class Value List IE;
-	the RRC Connections IE, if the sixth bit, "RRC Connections" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1;
[bookmark: _Toc5690851]8.4.A.3	Unsuccessful Operation



Figure 8.4.A.3-1: Resource Status Reporting Initiation, unsuccessful operation
If none of the requested measurements can be initiated, NG-RAN node2 shall send a RESOURCE STATUS FAILURE message. 
[bookmark: _Toc5690852]8.4.A.4	Abnormal Conditions
FFS

[bookmark: _Toc5690853]8.4.B	Resource Status Reporting
[bookmark: _Toc5690854]Editor’s note: The content of this section is FFS
8.4.B.1	General
This procedure is initiated by NG-RAN node2 to report the result of measurements admitted by NG-RAN node2 following a successful Resource Status Reporting Initiation procedure.
The procedure uses non UE-associated signalling.
[bookmark: _Toc5690855]8.4.B.2	Successful Operation


Figure 8.4.B.2-1: Resource Status Reporting, successful operation
The NG-RAN node2 shall report the results of the admitted measurements in RESOURCE STATUS UPDATE message. The admitted measurements are the measurements that were successfully initiated during the preceding Resource Status Reporting Initiation procedure.
[bookmark: _Toc5690856]8.4.B.3	Unsuccessful Operation
Not applicable.
[bookmark: _Toc5690857]8.4.B.4	Abnormal Conditions
FFS
1. [bookmark: _Toc5691063]
============ End of 1st change ==============

============ Here is the 2nd change ==============

[bookmark: _Toc5691056][bookmark: _Hlk21080225]9.1.3.A	RESOURCE STATUS REQUEST
Editor’s note: The content of this section is FFS
This message is sent by an NG-RAN node1 to neighbouring NG-RAN node2 to initiate the requested measurement according to the parameters given in the message.
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 Measurement ID
	M
	
	INTEGER (1..4095,...) 
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID
	C-ifRegistrationRequestStoporPartialStoporAdd
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	ignore

	[bookmark: _Hlk20925207]Registration Request
	M
	
	ENUMERATED(start, stop,
partial stop, add, …)
	Type of request for which the resource status is required.
	
	

	Report Characteristics
	O
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates measurement object the NG-RAN node2 is requested to report.
First Bit = PRB Periodic,
Second Bit = TNL load Capacity Ind Periodic,
Third Bit = 
Composite Available Capacity Periodic, Fourth Bit = HW Load Ind Periodic [FFS], Fifth Bit = Number of Active UEs, Sixth Bit = Number of RRC connections.
Other bits shall be ignored by the NG-RAN node2.
	
	

	Cell To Report
	
	1
	
	Cell ID list to which the request applies.
	
	

	>Cell To Report Item
	
	1 .. <maxnoofCellsinNG-RANnode>
	
	
	
	

	>>Cell ID
	M
	
	9.2.3.25

	
	
	

	>>Slice To Report List [FFS]
	
	0..1
	
	S-NSSAI list to which the request applies. 
	YES
	ignore

	>>>Slice To Report Item 
	
	1 .. < maxnoofSliceItems>
	
	
	EACH
	ignore

	>>>>S-NSSAI
	M
	
	S-NSSAI
9.3.1.38
	
	
	

	Reporting Periodicity
	O
	
	[bookmark: _GoBack]ENUMERATED(500ms, 1000ms, 2000ms, 5000ms,10000ms, …)
	Periodicity that can be used for reporting of PRB Periodic, TNL Load Ind Periodic, Composite Available Capacity Periodic.
	
	



	[bookmark: _Toc5691057]Condition
	Explanation

	ifRegistrationRequestStoporPartialStoporAdd
	This IE shall be present if the Registration Request IE is set to the value "stop", "partial stop" or "add".




	[bookmark: _Hlk20925304]Range bound
	Explanation

	maxnoofCellsinNG-RANnode
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.

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



9.1.3.B	RESOURCE STATUS RESPONSE
Editor’s note: The content of this section is FFS
This message is sent by the NG-RAN node2 to indicate that the requested measurement, for all or for a subset of the measurement objects included in the measurement is successfully initiated.
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 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore


[bookmark: _Toc5691058]
9.1.3.C	RESOURCE STATUS FAILURE
Editor’s note: The content of this section is FFS
This message is sent by the NG-RAN node2 to indicate that for none of the requested measurement objects the measurement can be initiated.
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 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	Cause
	M
	
	9.2.3.2
	Ignored by the receiver when the Complete Failure Cause Information IE is included.
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore



2. [bookmark: _Toc5691059]
9.1.3.D	RESOURCE STATUS UPDATE
Editor’s note: The content of this section is FFS
This message is sent by NG-RAN node2 to neighbouring NG-RAN node1 to report the results of the requested measurements.
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
	ignore

	NG-RAN node1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	[bookmark: _Hlk20928041]Cell Measurement Result
	
	1
	
	
	
	

	>Cell Measurement Result Item
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	
	

	>>Cell ID
	M
	
	9.2.3.25

	
	
	

	>>Radio Resource Status [FFS]
	O
	
	9.2.yy
	
	
	

	>>NG TNL Load Indicator [It is FFS if reported per cell]
	O
	
	9.2.xx
	
	
	

	>>Composite Available Capacity Group
	O
	
	9.2.zz
	
	
	

	>>Slice Available Capacity [FFS]
	O
	
	9.2.jj
	
	
	

	>>Hardware Load Indicator [FFS on the IE and on reporting per cell]
	O
	
	9.2.ww 
	
	
	

	>>Number of Active UEs [FFS]
	O
	
	INTEGER (1..65536,...)
	
	
	

	>>Number RRC Connections [FFS]
	O
	
	INTEGER (1..65536,...)9.2.kk
	
	
	



	[bookmark: _Hlk20928104]Range bound
	Explanation

	maxnoofCellsinNG-RANnode
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.





============ The 2nd change ends here ==============
============ We have one more change ==============

[bookmark: _Toc14207847][bookmark: _Hlk20991097]9.2.xx	NG TNL Capacity Indicator
[The definition of this IE is FFS]
The NG TNL Capacity Indicator IE indicates the available capacity of the NG Transport Network experienced by the cell.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	DL NGTNL Available Capacity
	M
	
	INTEGER (1.. 16777216,...)
	Available capacity over the transport portion serving the cell in kbps

	UL NGTNL Available Capacity
	M
	
	INTEGER (1.. 16777216,...)
	Available capacity over the transport portion serving the cell in kbps



[bookmark: _Toc14207849]9.2.yy	Radio Resource Status
[The information is FFS]
The Radio Resource Status IE indicates the usage of the PRBs per cell and per SSB area 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

	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

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

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

	SSB Area Radio Resource Status List
	
	0..<maxnoofSSBAreas>
	
	

	> 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


 
	Range bound
	Explanation

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




[bookmark: _Toc14207856]9.2.zz	Composite Available Capacity Group
The Composite Available Capacity Group IE indicates the overall available resource level per cell and per SSB area in the cell in Downlink and Uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Composite Available Capacity Downlink
	M
	
	Composite Available Capacity 
9.2.a
	For the Downlink 
	-
	

	Composite Available Capacity Uplink
	M
	
	Composite Available Capacity 
9.2.a
	For the Uplink 
	-
	



[bookmark: _Toc14207857]9.2.a Composite Available Capacity
The Composite Available Capacity IE indicates the overall available resource level in the cell in either Downlink or Uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Cell Capacity Class Value
	O
	
	9.2.b
	
	-
	

	Capacity Value 
	M
	
	9.2.c
	‘0’ indicates no resource is available, Measured on a linear scale. 
	-
	



[bookmark: _Toc14207858]9.2.b Cell Capacity Class Value
The Cell Capacity Class Value IE indicates the value that classifies the cell capacity with regards to the other cells. The Cell Capacity Class Value IE only indicates resources that are configured for traffic purposes.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Capacity Class Value
	M
	
	INTEGER (1..100,...)
	Value 1 shall indicate the minimum cell capacity, and 100 shall indicate the maximum cell capacity. There should be a linear relation between cell capacity and Cell Capacity Class Value.
	
	





[bookmark: _Toc14207859]9.2.c Capacity Value
[The information per SSB area is FFS]
The Capacity Value IE indicates the amount of resources per cell and per SSB area that are available relative to the total NG-RAN resources. The capacity value should be measured and reported so that the minimum NG-RAN resource usage of existing services is reserved according to implementation. The Capacity Value IE can be weighted according to the ratio of cell capacity class values, if available.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

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

	SSB Area Capacity Value
	
	0..<maxnoofSSBAreas>
	
	
	
	

	> SSB Area Capacity Value
	M
	
	INTEGER (0..100)
	Value 0 shall indicate no available capacity, and 100 shall indicate maximum available capacity . SSB Area Capacity Value should be measured on a linear scale.
	-
	




9.2.jj Slice Available Capacity
[The information is FFS]
The Slice Available Capacity IE indicates the amount of resources per network slice that are available relative to the total NG-RAN resources. The Slice Capacity Value IE can be weighted according to the ratio of cell capacity class values, if available.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Slice Available Capacity
	
	1..< maxnoofSliceItems >
	
	
	
	

	> Slice Capacity Value
	M
	
	INTEGER (0..100)
	Value 0 shall indicate no available capacity, and 100 shall indicate maximum available capacity . Slice Capacity Value should be measured on a linear scale.
	-
	



	Range bound
	Explanation

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



9.2.kk 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
	Criticality
	Assigned Criticality

	Number of RRC Connections
	M
	
	9.2.m
	
	-
	

	Available RRC Connection Capacity Value
	M
	
	9.2.n
	
	-
	



9.2.m 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
	Criticality
	Assigned Criticality

	Number of RRC Connections
	M
	
	INTEGER (1..65535,...)
	
	
	



9.2.n 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
	Criticality
	Assigned Criticality

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



// **************************** That is all for today ****************************
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