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Introduction
In the RAN3#103bis meeting, RAN3 started discussing load balancing and load sharing solutions for NR. The summary of the offline discussion captured in [1]  highlights some open issues to be resolved for introducing mobility load balance (MLB) in NR, including:
1. The architectural aspect for MLB (distributed, centralized and hybrid approaches).
2. Load definition. Whether the load information is on a per Cell/Beam/Slice/QoS basis. 
3. Load reporting. Whether to reuse the LTE X2-like load reporting procedure in NR.
4. Load reporting indicates load information for UL carrier and SUL carrier separately.
5. Load coordination with MR-DC scenario considered. 
6. Other optimization
In this paper we discuss load definitions for NR and recommend RAN3 .
[bookmark: _Ref178064866]Discussion
Prioritization of load definitions for MLB in NR
In the previous meeting, companies provided various views regarding load definitions for MLB in NR [1]:
· Load per cell;
· Load per SSB coverage area;
· Load per network slice;
· Load per QoS basis.
While load information on a per cell basis seems the minimum requirement for introducing MLB in NR, cell-specific load is not enough per se to characterize the spatial distribution of load within the cell and it may lead to wrong mobility decision for load balance and load sharing. This is particularly true with the introduction of beam-based cell structures in NR, where a cell is divided in multiple control and data channel beams, each potentially having a capacity comparable to that of a legacy LTE cell.  
Figure 1 shows an example wherein using only cell-specific load may lead to an erroneous decision for  MLB. In this example, an NR serving cell is considered, where the cell is highly loaded at least in some local area defined, for instance, by the coverage area of different SSB beams. A target UE in the loaded area may report measurements for a neighbor cell-A detected with good radio conditions, possibly including beam measurements. 
[image: ]
[bookmark: _Ref381424]Figure 1: Example of unbalanced load distribution between SSB within an NR cell that could allow MLB to the coverage area of SSB with low load. 
Assuming to use the LTE MLB solution as baseline for NR, the serving node can request resource status information to the target node which would indicate a high load in Cell-A, as at least the same number of UEs and same traffic as in the serving cell might be experienced. If only load per cell available, the loaded serving node may be led to believe that the target cell-A is also overloaded, whereas in fact in the beam coverage area where the UE is moving, Cell-A has enough available capacity to accept the UE. 
Observation 1 [bookmark: _Hlk7425507][bookmark: _Hlk7423989]Cell-specific load is not enough per se to characterize the spatial distribution of load in an NR cell an may lead to wrong mobility decision for load balance and load sharing.  

This issue could be resolved by introducing load definition per SSB beam coverage area. 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, it is possible to divide the cell in SSB coverage areas and to determine parameters such as load, composite capacity, resource status information to such partition of the cell. With this approach, SSB measurement reports from a UE allow the network to assess which portion of the cell the UE is in proximity of and the resource status information for that partition of the NR cell. Load information defined per SSB coverage area would provide a much finer granularity than only cell-specific load information and enable more efficient load balancing solutions compared to LTE.
Proposal 1 Load definition per cell and SSB coverage area should be supported for MLB in NR.

Given the limited amount of time available, the discussion of additional load definitions, such as load per slice and per QoS, should be left for further optimization once RAN3 has agreed a basic solution for MLB in NR. Load information per network slice, for instance, could be useful to balance and more dynamically coordinate the resource allocation to network slices. However, this optimization is limited to a particular type of deployment that can be considered in a second phase. 
Proposal 2 The discussion of additional load definitions, such as load per slice and per QoS, should be left for further optimization once RAN3 has agreed a basic solution for MLB in NR.


Characterization of load per SSB coverage area 
LTE composite available capacity
The LTE system defines the cell Composite Available Capacity to indicate the overall available resource level in a cell in either Downlink or Uplink. The composite available capacity (CAC) is defined as  (cf. 32.522 [2])
Composite Available Capacity = Cell Capacity Class Value * Capacity Value,
where: 
· 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 [3]. In TS 36.423 [4], 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 [4] assumes 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.

The cell-specific CAC as defined in LTE, however, cannot straightforwardly be applied to NR for two reasons:
· It does not correctly represent the available capacity of a cell with MIMO transmission capabilities;
· It does not correctly represent how the cell available capacity is spatially distributed.
This is illustrated in the example in Figure 2. For illustration purposes, we consider a cell with CCCV=10 and 4 SSSB beams. Figure 2(a) shows how resources are used to serve UEs under the coverage area of each of the SSB beams, while Figure 2(b) shows how resources are utilized from the cell perspective. Each of the SSB beams is lightly loaded, with the coverage area of SSB1 being the most used, yet it uses only 40% of the cell resources. Additional traffic could therefore be accepted within the coverage area of all SSB beams.
From a cell-specific perspective, however, only 30% of the resources would appear available resulting in a low CAC. 
Observation 2 The LTE cell-specific Composite Available Capacity cannot correctly represent the available capacity of a NR cell. 
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[bookmark: _Ref6990924]Figure 2: Example of LTE cell-specific CAC used for NR assuming a cell with CCCV = 10 and 4 SSB beams.
Composite available capacity per SSB coverage area
One solution to this issue is to extend the definition of the composite available capacity to the coverage area of SSB beams as 
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, 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  is implementation specific and its value depends on how the cell resources are distributed among SSBs. For instance, in case of full reuse of the cell’s resources among the coverage area of each SSB beam the SCCV of each SSB would have the same value, corresponding to the capacity of the full set of resources assigned to the cell. On the other end, if the cell resources are split amongst SSB coverage areas, the SCCV of each SSB would have a value proportional to the amount of resources available in that SSB area.

[bookmark: _Ref6993806]Figure 3: Illustration of composite available capacity per SSB for the example in Figure 2. 
Figure 3 shows an illustration of the CAC per SSB and per cell for the example depicted in Figure 2 and compares them to the cell-specific CAC defined in LTE. It is clear from this example that the LTE definition of the cell CAC cannot properly represent the available capacity for the SSB beam coverage areas. It is also apparent that the LTE definition of the cell CAC does not properly represent the available cell capacity when users can be spatially multiplexed.

Proposal 3 [bookmark: _Hlk7425863]Composite available capacity per SSB beam coverage area should be supported for MLB. 

The above definitions of available capacity per SSB coverage areas have been captured in a Text Proposal (TP) to TR 37.816 in [5].
Proposal 4 Agree to TP to TR 37.816 for Load Information per SSB Beam [5].
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 Cell-specific load is not enough per se to characterize the spatial distribution of load in an NR cell an may lead to wrong mobility decision for load balance and load sharing.  
Observation 2 The LTE cell-specific Composite Available Capacity cannot correctly represent the available capacity of a NR cell. 
In this contribution, the following proposals are captured:
Proposal 1 Load definition per cell and SSB coverage area should be supported for MLB in NR. 
Proposal 2 The discussion of additional load definitions, such as load per slice and per QoS, should be left for further optimization once RAN3 has agreed a basic solution for MLB in NR 
Proposal 3 Composite available capacity per SSB beam coverage area should be supported for MLB.
Proposal 4 Agree to TP to TR 37.816 for Load Information per SSB beam [5]. 
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(a) Frequency resource utilization per SSB coverage area. (b) Frequency resource utilization per cell.




