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Introduction
In the past RAN3#105 meeting it was agreed in [1] that , for load sharing and load optimization  in NR, 
“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 (DL/UL/SUL GBR PRB usage, DL/UL/SUL non-GBR PRB usage, DL/UL/SUL total PRB usage);
-	TNL load indicator (UL/DL /SUL TNL load: low, mid, high, overload);
-	Cell Capacity Class value (UL/DL relative capacity indicator);
To achieve load reporting function, Resource Status Reporting Initiation & Resource Status Reporting procedures are used.”
To this end, baseline descriptions to introduce RESOURCE STATUS REQUEST/RESPONSE/UPDATE procedures over E1, F1, and Xn for NR Rel-16 have been captured and agreed in [2], [3], and [4], whereas a description to introduce EN-DC RESOURCE STATUS REQUEST/RESPONSE/UPDATE procedures has been captured in [5].
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Figure 1: Signaling exchange for Resource Status Reporting procedure in NR.
This contribution discusses possible enhancements to the information exchanged for load balancing and load sharing as part of the RESOURCE STATUS REQUEST/RESPONSE/UPDATE procedures.
[bookmark: _Ref178064866]Discussion
The basic functional elements of the RESOURCE STATUS REPORTING procedure have now been agreed to enable load balancing and load sharing in NR. Currently, however, only load information on a per-cell granularity has been agreed to be exchanged between NR cells, which makes it impossible to represent load taking into account its spatial distribution. The latter would make the solution not able to properly function and therefore a solution based purely on per cell information has to be deemed unfeasible [6], [7].  
Observation 1 The current agreement for load balance and load sharing considers only load information on a per-cell level granularity, which makes it impossible to take spatial load distribution, making the overall solution unfeasible

Load information on a per SSB beam granularity
In particular, our companion contributions [6], [7] argue on the importance of introducing load information on a per SSB beams coverage area to capture the spatial distribution of the load within the cell. As exemplified in [6], [7], this would enable to better optimize mobility decisions in NG RAN and to fully capitalize the higher spatial multiplexing capabilities compared to LTE. Figure 2 captures an example where exchanging load information on a per SSB beam granularity would allow gNB1 to move a UE from its serving cell to cell-A of gNB2, despite cell-A having an overall high load. The load of cell-A is however concentrated in a limited portion of the cell, whereas cell-A has no load in the area where the UE is moving and can therefore accept the new UE. If only cell-specific load information were available, an handover decision to move the UE would not take place.  
Proposal 1 Enhance the RESOURCE STATUS REPORTING procedure for NG RAN with load information on a per SSB beam level.

To this end, the load reporting function in NR could be enhanced to report load information on a per SSB beam (or group of SSBs beams) such as associated to Radio resource Utilization per SSB beam coverage area  and Composite available capacity CAC per SSB beam coverage area:
· Radio resource usage per SSB coverage area (DL/UL/SUL GBR PRB usage, DL/UL/SUL non-GBR PRB usage, DL/UL/SUL total PRB usage);
· Capacity value per SSB coverage area (UL/DL available capacity for load balancing as percentage of total capacity within the SSB coverage area)
· Cell Capacity Class value per SSB (UL/DL relative capacity indicator);
Proposal 2 Enhance the RESOURCE STATUS REPORTING procedure for NG RAN with load information on a per SSB beam level for:
· Resource Radio resource usage per SSB coverage area (DL/UL/SUL GBR PRB usage, DL/UL/SUL non-GBR PRB usage, DL/UL/SUL total PRB usage);
· Capacity value per SSB coverage area (UL/DL available capacity for load balancing as percentage of total capacity within the SSB coverage area)
· Cell Capacity Class value per SSB (UL/DL relative capacity indicator).

The RESOURCE STATUS REPORTING procedure could further be enhanced to indicate for which SSB beam or group of SSB beams load information should be exchanged between gNBs. This could reduce, for instance,  the signalling overhead of the load reporting functionality while retaining its full performance potential. In the example in Figure 2, for instance, gNB1 may be interested in the load of the coverage area of a subset of SSB beams of cell-A and cell-B of gNB2. The relevant SSB beams of cell-A and cell-B could be identified by gNB1 based on the RRM measurement reports of UEs that could be moved towards cell-B of gNB2. Therefore, to limit signaling overhead, gNB1 may initialize the RESOURCE STATUS REPORTING procedure by transmitting a RESOURCE_STATUS_REQUEST message to gNB2 indicating to report resource status information on a per SSB level in cell-A and cell-B and a list of SSB beams indices for which load information is requested. 
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[bookmark: _Ref20232869]Figure 2: Example of unbalanced load distribution between SSB within an NR cell that could allow MLB to the coverage area of SSB with low load
The RESOURCE STATUS RESPONSE may then follow the same principles used in LTE (cf. [1], clause 8.3.6). Specifically, if gNB2 is capable to provide all requested resource status information, it shall initiate the measurement as requested by gNB1, and respond with a RESOURCE STATUS RESPONSE message. If gNB2 is capable to provide some but not all of the requested resource status information, for instance measurements for a smaller set of SSBs, and the Partial Success Indicator IE is present in the RESOURCE STATUS REQUEST message, gNB2 can initiate the measurement for the admitted measurement objects and include the Measurement Initiation Result IE in the RESOURCE STATUS RESPONSE message. Otherwise gNB2 would respond with a RESOURCE STATUS FAILURE message.
If the Resource Status Reporting is successfully initialized, gNB2 can initiate the Resource Status Reporting to report the result of measurements admitted by gNB2 using a RESOURCE STATUS UPDATE message. The admitted measurements are the measurements that were successfully initiated during the preceding Resource Status Reporting Initiation procedure. The difference with the legacy LTE Resource Status Reporting procedure is in the type of measurements reported, which can be configured and reported per SSB beam.
Below is a description of how the RESOURCE STATUS REQUEST, RESPURCE STATUS RESPONSE and RESOURCE STATUS UPDATE could look like when taking into account load information reporting per SSB area.


Example of message tabular for the XnAP for support of load information per SSB area (highlighted IEs are additional to agreed BL CRs:
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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 Ind Periodic,
Third Bit = 
Composite Available Capacity Periodic
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

	
	
	

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

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

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



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
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	0..1
	
	List of all cells in which measurement objects were requested, included when indicating partial success
	
	

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

	>>Cell ID
	M
	
	9.2.3.25

	
	
	

	>>Measurement Failure Cause List
	
	0..1
	
	Indicates that NG-RAN node2 could not initiate the measurement for at least one of the requested measurement objects in the cell
	
	

	>>>Measurement Failure Cause Item
	
	1 .. <maxFailedMeasObjects>
	
	
	
	

	>>>>Measurement Failed Report Characteristics
	M
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates measurement object that failed to be initiated in the NG-RAN node2. First Bit = PRB Periodic,
Second Bit = TNL load Ind Periodic,
Third Bit = 
Composite Available Capacity Periodic,
Other bits shall be ignored by the NG-RAN node1.
	
	

	>>>>Cause
	M
	
	9.2.6
	Failure cause for measurement objects for which the measurement cannot be initiated
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	Explanation

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

	maxFailedMeasObjects
	Max number of measurement objects that can fail per measurement. Value is 32.
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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
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	1
	
	
	
	

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

	>>Cell ID
	M
	
	9.2.3.25

	
	
	

	>>Radio Resource Status
	O
	
	9.2.yy
	
	
	

	>>NG TNL Load Indicator
	O
	
	9.2.xx
	
	
	

	>>Composite Available Capacity Group
	O
	
	9.2.zz
	
	
	



	[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 ==============
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The NG TNL Load 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
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The Radio Resource Status IE indicates the usage of the PRBs per cell and per SSB area for all traffic in Downlink and Uplink.
	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

	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.
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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 
	-
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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. 
	-
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The Cell Capacity Class Value IE indicates the value that classifies the cell capacity and the SSB area 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.
	
	

	SSB Area Capacity Class Value List
	
	0..<maxnoofSSBAreas>
	
	
	
	

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




	Range bound
	Explanation

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



[bookmark: _Toc14207859]9.2.c Capacity Value
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.
	-
	




At it can be seen the structure of the IEs above ensure that both the cell capacity and the per SSB area cell capacity are expressed. This provides a full view of the load information within a cell.

Proposal 3 [bookmark: _Ref20861905]it is proposed to agree to the structure above for reporting of load information per cell and SSB Area

Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc502931810][bookmark: _Toc502953352][bookmark: _Toc502953538][bookmark: _Toc502953582][bookmark: _Hlk508794470]In this contribution, the following observations are captured:
Observation 1 The current agreement for load balance and load sharing considers only load information on a per-cell level granularity, which severely limits the potential performance and the efficiency achievable by load balancing and load sharing in NR.

In this contribution, the following proposals are captured:
Proposal 1 Enhance the RESOURCE STATUS REPORTING procedure for NG RAN with load information on a per SSB beam level.
Proposal 2 Enhance the RESOURCE STATUS REPORTING procedure for NG RAN with load information on a per SSB beam level for:
· Resource Radio resource usage per SSB coverage area (DL/UL/SUL GBR PRB usage, DL/UL/SUL non-GBR PRB usage, DL/UL/SUL total PRB usage);
· Capacity value per SSB coverage area (UL/DL available capacity for load balancing as percentage of total capacity within the SSB coverage area)
· Cell Capacity Class value (UL/DL relative capacity indicator).

Proposal 3		It is proposed to agree to the structure above for reporting of load information per cell and SSB Area

CRs mirroring the proposals above are presented in R3-196017, R3-196018, R3-196021
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