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Introduction
For load balancing and load sharing in NR, as part of the RAN3#105 Chairman Notes [1], it was concluded to: 
· Add RESOURCE STATUS REQUEST/RESPONSE/UPDATE procedures for Xn, X2 (for EN-DC), F1 and E1 interfaces (IEs for each interface are to be discussed separately)
Additionally, the type of load information (CAC, resource utilization etc.) and the load granularity (only per cell, per SSB beam coverage area, per band, and per network slice) has been also extensively discussed offline. As part of the summary of the discussion on per SSB load reporting for load balancing in NG RAN, reported in [2], was captured in the RAN3#105 Chairman Notes [1] to:
· Acknowledge the need of reporting spatial load distribution of cells; a solution is needed; RAN3 will work on a solution. Details on solutions are FFS.
In our companion contribution [3], we discussed the need of introducing beam level load information to insure the correct operation of the load management functionality in NR. This contribution clarifies possible definitions of beam level load information. This contribution is in part a resubmission of R3-194287 [5].
[bookmark: _Ref178064866]Discussion on definitions of beam level load information 
A 3GPP NR cell can be configured to transmit multiple Synchronization Signals and PBCH Blocks (SSB) for cell search and synchronization. During a half-frame, a cell can transmit different SSB signals in different spatial directions (i.e. using different spatial beams, spanning the coverage area of a cell). Beam level load information can be defined, for instance, for the coverage area of different SSB beams
Since SSB beams can be transmitted to cover different parts of the cell’s coverage area, and given that, from a UE point of view, measurement reports are based on detection of such SSBs, a gNB can learn the spatial distribution of UEs by associating each UE to the coverage area of an SSB, e.g. using the SSB reported by the UE with the strongest received signal. In other words, it is possible to implicitly divide the cell in many virtual sub-cells, each corresponding to the coverage areas of an SSB beam, and to determine parameters such as load, composite capacity, resource status information to such partition of the cell. Similarly, from an implementation perspective, one may exploit the UE association to SSB beams to further characterize the spatial distribution of load for different type of traffic.
Hereafter we discuss how resource utilization and composite available capacity can be derived on a per SSB beam basis.
Beam level resource utilization
Figure 1 illustrates an example of resource utilization per SSB beam coverage area. The example assumes a cell with 10 PRBs, 4 SSB beams and an unbalanced traffic distribution with traffic localized only under the coverage area of SSB beams 0 and 1. From a cell-wise perspective, only two PRBs are unused hence cell-level resource utilization would indicate a highly loaded cell. This is because each PRB in the cell is used by at least one beam (see right hand side of Figure 1). However, reporting resource utilization per SSB coverage area allows to show that resources are primarily utilized under the coverage area of SSB beams 0 and 1, but not in the coverage area of SSB beams 2 and 3. 
Observation 1 Cell level load information cannot properly represent by itself how the load is distributed in different areas of the cell.
[image: ]
[bookmark: _Ref14264226]Figure 1: Example of beam level resource utilization assuming a cell with 10 PRBs and 4 SSB beams.
To this end, a gNB can determine an implicit association of each UE to the coverage area of an SSB beam (e.g., the SSB beam reported with the strongest signal). Thus, any time a UE is scheduled in the shared Downlink (or Uplink) data channel in a certain PRB, such PRB is “marked” as used within the SSB coverage area associated to the UE. 
Observation 1 : For the purpose of calculating per SSB area load, it can be assumed that any time a UE is scheduled in the shared Downlink (or Uplink) data channel in a certain PRB, such PRB is “marked” as used within the SSB coverage area associated to the UE.

To determine the resource utilization per SSB coverage area, it is not relevant how many UEs associated to a certain SSB coverage area are simultaneously co-scheduled to transmit/receive in a certain PRB in a shared data channel, but only whether the PRB is used or not by at least one UE associated to the SSB coverage area. It should also be noted that the gNB would not track and report the instantaneous PRB utilization per TTI, but rather a filtered version of the resource utilization (e.g., a moving average within a certain time window). All these details, however, strictly pertain to implementation aspects.
The resource utilization per SSB coverage area  could then be reported as part of the Radio Resource Status IE within the RESOURCE STATUS UPDATE message.
Proposal 1 [bookmark: _Ref20224348]Resource utilization per SSB beam coverage area should be supported for MLB in NR.
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[bookmark: _Ref19881563][bookmark: _Ref19881558]Figure 2: Example of mapping data link beam scheduling to PRB utilization per SSB coverage area.
As an example, and following the methodology described above, PRB utilisation per SSB area can be based on the Radio Resource Utilisation IE in LTE and it can be represented as follows:

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

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

	> SSB Area DL GBR PRB usage
	M
	
	INTEGER (0..100)
	

	> SSB Area UL GBR PRB usage
	M
	
	INTEGER (0..100)
	

	> SSB Area DL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	

	> SSB Area UL non-GBR PRB usage
	M
	
	INTEGER (0..100)
	

	> SSB Area DL Total PRB usage
	M
	
	INTEGER (0..100)
	

	> SSB Area UL Total PRB usage
	M
	
	INTEGER (0..100)
	




Beam level composite available capacity (CAC)
The LTE system defines the Composite Available Capacity (CAC) per cell to indicate the overall available resource level in a cell in either Downlink or Uplink. The CAC is defined as  (cf. 32.522 [6])
Composite Available Capacity = Cell Capacity Class Value * Capacity Value,
where the Cell Capacity Class Value (CCCV) and the Capacity Value (CV) are defined in [7], [8]:
· The Cell Capacity Class Value (CCCV) 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 and it is expressed with an integer ranging from 1, indicating the minimum cell capacity, to 100 indicating the maximum cell capacity, following a linear relation between cell capacity and the Cell Capacity Class Value [7]. In TS 36.423 [8], the cell capacity class value is an optional parameter in case of intra-LTE load balancing. If cell capacity class value is not present, then TS 36.423 [8] suggests that bandwidth should be used instead to assess the capacity.
· The Capacity Value (CV) indicates the amount of resources that are available relative to the total E-UTRAN resources. The capacity value should be measured and reported so that the minimum E-UTRAN resource usage of existing services is reserved according to implementation. The Capacity Value IE ranges between 0, indicating no available capacity, and 100 which indicates maximum available capacity . Capacity Value should be measured on a linear scale.
A cell-specific CAC, however, cannot correctly represent how the available capacity is spatially distributed. This can be seen using again the example in Figure 1. In the example of the figure, assuming, for instance, a cell with CCCV=10, it appears that from a cell perspective 80% of the resources are used thereby resulting in a very low . However, spatial multiplexing of UEs via MIMO transmission allows the cell to reuse the same resources in different areas, thereby making more capacity available. In this example, resources are used only under the coverage area of SSB beams 1 and 2, but the cell has still high capacity available under the coverage area of SSB beams 3 and 4, which is not captured by the cell-specific CAC value. 
Observation 2 Cell-specific CAC cannot represent how the available capacity is spatially distributed. 

One solution to this issue is to extend the definition of the composite available capacity to the coverage area of SSB beams as, for instance,  
SSB Composite Available Capacity =  SSB Capacity Class Value * SSB Capacity Value,
where the SSB Capacity Class Value () is an integer in 1-100 indicating the total resources configured for traffic purposes in the coverage area of SSB s-th with respect to the cell specific value , whereas the SSB Capacity Value () is an integer in 0-100 indicates the amount of resources that are available for SSB s-th relative to the total resources .  In what follows we shall use the short hand notation

to denote the composite available capacity for an SSB beam s.
The value of  can be expressed as a function of CCCV of the cell depending on how the cell resources are distributed among SSBs. Figure 3 shows an example of  how the cell resources can be distributed among the different SSB coverage areas from full reuse to orthogonal. 
	[image: ]
(a) Full reuse of all PRBs among all SSB beams coverage areas
	[image: ]
(b) Fully orthogonal PRB allocation among all SSB beams coverage areas
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(c) Partially overlapping PRB allocation among SSB beams coverage areas


[bookmark: _Ref20408317]Figure 3: Example of possible resource allocation for data link utilization to different SSB beams coverage areas: (a) full reuse of PRBs; (b) orthogonal allocation of PRBs; and (c) partly overlapping allocation.
For instance, in case of full reuse of the cell’s resources among the coverage area of each SSB beam, as in Figure 3(a), the value of  for all SSB beams. In alternative, in case the cell’s resources are orthogonally split among the coverage area of different SSB beams, as in Figure 3(b), the  value of each SSB beam is be fraction of  such that . More generally, when resources are partly reused among the coverage area of different SSB beams, as in Figure 3(c), the  can be fraction of  but . For instance, in Figure 3(c), the cell may allow allows each SSB beam coverage area to use 50% of the resources with full reuse among the coverage areas of SSB beams that are not adjacent (in this case, SSB beam 1 and 3 and SSB beams 0 and 2) . Thus  in this example.


[image: ]
[bookmark: _Ref6993806]Figure 4: Illustration of composite available capacity per SSB for the example in Figure 2.
Finally, Figure 4 shows an illustration of the CAC per SSB coverage area for the example depicted in Figure 1 and compares them to the cell-specific CAC as defined in LTE, wherein we assume that the cell resources can be fully reused within the coverage areas of each SSB beam (i.e., we assume ).  It is evident from this example that the LTE definition of the cell CAC cannot properly represent the available capacity for the SSB beam coverage areas. 
Proposal 2 Per SSB beam composite available capacity should be supported for MLB.
Following the methodology described above and taking LTE as a reference baseline, the per SSB area composite available capacity could be represented together with the cell level composite available capacity as follows:
[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 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 Radio Resource Status List
	
	1..<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
	
	1..<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.
	-
	




Conclusions
[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 Cell level load information cannot properly represent by itself how the load is distributed in different areas of the cell.
Observation 2 Cell-specific CAC cannot represent how the available capacity is spatially distributed. 

In this contribution, the following proposals are captured:
Proposal 1 Resource utilization per SSB beam coverage area should be supported for MLB in NR.
Proposal 2 Per SSB beam composite available capacity should be supported for MLB.
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