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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.
This contribution analyzes potential issues highlighted in previous RAN3 meetings related to definition and computation of load information, such as radio resource utilization and composite available capacity, on a per SSB beam level so as to characterize the spatial distribution of the resource utilization. 
[bookmark: _Ref178064866]Discussion
Our companion contributions [3], [4] discuss how to complement cell-level load information with beam level load information to enhance load balance and load sharing in NR. In particular, we propose to extend the definitions of composite available capacity (for DL/UL) and/or the radio resource utilization (for DL/UL/SUL) to an SSB beam level granularity. This poses the question of whether any issue exists to compute load information on a per SSB beam level load information. Hereafter we use the term load per SSB beam and load per SSB beam coverage area interchangeably. 

Radio resource utilization per SSB beams coverage area
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. the SSB reported with the strongest received signal. In other words, the gNB treats the coverage area of each SSB beam as a virtual sub-cell and determines the corresponding load information, such as composite available capacity and resource status information based on the users that reported that SSB beam as the strongest one. 
Figure 1 illustrates an example of how the radio resource utilization can be derived on a per SSB beam level. The example assumes a cell with 4 SSB beams whose coverage areas are marked in different colors. Based on the UEs measurement reports, each UE is (implicitly) associated to the coverage area of an SSB beam (here represented with the same color of the associated beam). This can be implementation specific and be readily done without any standardization impact. Assuming the cell exploits multi-user MIMO transmission, physical resources (e.g., PRB) of the shared data channel (in UL or DL) can be co-scheduled to multiple users with enough spatial separation, e.g., users located in different SSB coverage area can be served with the same frequency resources in the same TTI.
By combining information related to which time-frequency resource UEs are scheduled on with the association of UEs to the coverage area of different SSB beams one can derive how resources are (re-)used across the coverage area of each SSB beam. This is illustrated in Figure 1, for instance, where resource index 0 is scheduled for UEs under the coverage of all SSB beam 1, while resource index 1 is only used by UEs under the coverage area of SSB beams 0 and 1, etc.
[image: ]
[bookmark: _Ref14264226]Figure 1: Example of radio resource utilization per SSB beam coverage area based on UE association to SSB beams and information related to which time frequency resource UEs are scheduled on.
In case of MU-MIMO transmission two events could occur:
· When the coverage area of an SSB beam is wide enough, it is possible that multiple UEs associated to the coverage area of the same SSB beam are spatially separated enough to be co-scheduled to use the same PRB in a TTI. Such PRB should then be “marked” as used in the SSB coverage area, regardless of the number of UEs co-scheduled to use it (see e.g., Figure 2(a)).
· When multiple UEs associated to the coverage area of different SSB beams are spatially separated enough to be co-scheduled to use the same PRB in a TTI, such PRB should be “marked” as used in the coverage area of each SSB with at least an associated UE scheduled to use it (see e.g., Figure 2(b)).
Therefore, 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 implementation aspects.
This simple example can be extended also to the case of multi-stream transmission per UE (i.e., a given PRB can be allocated to multiple data streams for the same UE), as well as to the case of different traffic types. From a standardization perspective, determining the SSB beam level load is an implementation aspect which can be resolved similarly to how the cell load is determined without any standardization impact. We therefore find no specific issue related to mapping the resource utilization of data links to the coverage area of SSB beams.
Observation 1 We find no issue related to mapping the resource utilization of data link beams to the coverage area of SSB beams.

Proposal 1 It is concluded that a solution based on mapping between the resource utilization of link beams and SSB beams coverage area is feasible. 

Composite available capacity per SSB beams coverage area
With the resource utilization characterized on a per SSB beam basis, it is straightforward to extend the definition of composite available capacity to the coverage area of an SSB beam. Example of how this can be done are discussed in the companion contribution [4].
Observation 2 We find no issue with the definition of composite available capacity per SSB beam coverage area.

CAC alignment in multi-vendor deployments
One concern discussed during the RAN3#105 meeting with respect to introducing CAC measure per SSB coverage area is how to interpret and align the CAC values in a multi-vendor deployment. In this regard, there appears to be no difference compared to how CAC is specified for LTE and used for a multi-vendor deployment.
CAC alignment in LTE
In LTE, as by definition, the CAC represents the overall available resource level in a cell in either Downlink or Uplink and it is obtained by weighing the Capacity Value CV (i.e., the amount of resources that are available relative to the total E-UTRAN resources) with the Cell Capacity Class Value CCCV (which indicates the value that classifies the cell capacity with regards to the other cells). The CV value can be either measured or configured by the network operator. The CCCV scales the CV value depending on the nominal capacity of the cell with respect to other cells in the network. Thus, it is not depended nor configured by the manufacturer, but by the network operator.
For instance, to align the CAC values for different cells in a multi-vendors deployment, a network operator could assign CCCV = 100 to the cell with highest nominal capacity (or, the largest bandwidth if a measure of nominal capacity is not available) and then determine the CCCV value of all cells by, for instance, a linear mapping with respect to the largest CCCV value. 
Therefore, in LTE, the CAC definition actually provides the network operator the means to compatibly compare and relate the capacity of equipment produced by different vendors. As such, we cannot find any issue with maintaining CAC aligning and alignment in multi-vendor scenarios.
Observation 3 The cell-specific CAC definition in LTE provides the network operators a means to compatibly compare the capacity of network equipment produced by different vendors. As such, it already addresses alignment of CAC values in multi-vendor deployments.

CAC alignment in NR  
Introducing a CAC per SSB coverage area in NR poses no additional issue compared to the baseline LTE case in terms of CAC value alignment in multi-vendor deployment. 
In fact, the SSB beam-level CAC definition suggested in Section 2.2 is a straightforward extension of the baseline LTE CAC definition. As such, the CAC value associated to the coverage area of an SSB beam would represent the overall available resource level in the SSB coverage area in either Downlink or Uplink obtained by weighing the SSB Capacity Value (i.e., the amount of resources that are available relative to the total NG-RAN  resources) with the SSB Capacity Class Value SCCV (which indicates the value that classifies the capacity within the SSB coverage area with regards to the other cells or SSBs). That is, the SCCV scales the SSB capacity value depending on the nominal capacity of the SSB coverage area with respect to other cells in the network.
Therefore, similar to the LTE case, to align the SSB beam-level CAC across cells belonging to equipment of different vendors, the network operator only needs to univocally define the reference SCCV value, e.g., SCCV=100,  associated to the SSB coverage area with the highest nominal capacity (or, the largest bandwidth if a measure of nominal capacity is not available) and then determine the SCCV value of other SSB coverage area in different cells by, for instance, a linear mapping with respect to the largest SCCV value. As such, we cannot find any issue with aligning CAC value for SSB coverage areas across cells in a multi-vendor scenario.
Observation 4 Alignment of CAC for SSB coverage areas across cells in a multi-vendor scenario can be achieved in a similar way as for cell-specific CAC value. We therefore believe it is possible to align CAC values, either cell-specific or per SSB coverage area, in a multi-vendor deployment in NR.

Proposal 2 It is concluded that a solution based on definition of composite available capacity per SSB beam coverage area is feasible. 
Conclusions
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Observation 1 We find no issue related to mapping the resource utilization of data link beams to the coverage area of SSB beams.
Observation 2 We find no issue with the definition of composite available capacity per SSB beam coverage area.
Observation 3 The cell-specific CAC definition in LTE provides the network operators a means to compatibly compare the capacity of network equipment produced by different vendors. As such it already addressed alignment of CAC values in multi-vendor deployments.
Observation 5 Alignment of CAC for SSB coverage areas across cells in a multi-vendor scenario can be achieved in a similar way as for cell-specific CAC value. We therefore believe it is possible to align CAC values, either cell-specific or per SSB coverage area, in a multi-vendor deployment in NR.
Observation 4 In this contribution, the following proposals are captured:
Proposal 1 It is concluded that a solution based on mapping between the resource utilization of link beams and SSB beams coverage area is feasible.
Proposal 2 It is concluded that a solution based on definition of composite available capacity per SSB beam coverage area is feasible.
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