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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], it 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 further elaborates on the limitation of exploiting only cell-level load reporting in load balancing as part of the task of assessing “whether the listed metrics in the conclusions are sufficient for the correct functioning of the load management function and whether they should be complemented with additional enhancements during Release 16 normative phase” listed in the conclusions of the TR 37.816 [3] . This contribution is a partial resubmission of R3-194286 [4].
[bookmark: _Ref178064866]Discussion
Cell-specific load information in LTE and NR
Cell-specific load information, such as Composite Available Capacity per cell, Cell Level Load and TNL Load, has been introduced in early releases of LTE to enable load management between neighbouring eNBs. Due to their limited MIMO capabilities and the available downlink reference signals, these early LTE releases could not support a finer characterisation of the cell load distribution, e.g. in the spatial domain. Despite recent advances in active antenna technology have enabled to increase the number of antenna available at the base station and improve the MIMO capability of the cell by means, for instance of new CSI-RS signals and beamformed CSI-RS transmission (i.e., class B FD-MIMO), load information reports in LTE has remained cell-specific. It should be noted that 3GPP did not analyse the load balancing function in light of progress in active antenna systems, which is the reason the load balancing function remained unchanged across the releases.
To better capitalize the MIMO capabilities of large antenna arrays, a 3GPP NR cell can be configured to transmit multiple Synchronization Signals and PBCH Blocks (SSB) for cell search and synchronization. An SSB consists of a primary and secondary synchronization signals (PSS, SSS) and physical broadcast channel (PBCH). While for a given frequency location the PSS/SSS signals carry the physical cell ID (PCI), up to 64 SSB can be transmitted within a NR half-frame in different spatial directions (i.e. using different spatial beams, spanning the coverage area of a cell), each identified by a unique SSB beam index.
A user equipment (UE) can be configured to measure and report the strength of different SSB signals. 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 beam coverage areas and to determine parameters such as load, composite capacity, resource status information for each SSB beam coverage area. With this it is worth noticing that while the reference signal structure in LTE did not allow for a spatial characterization of a cell (because the cell had only one RS for its all coverage), in NR a cell can have different subareas covered by a different RS. This allows for load characterization in the special domain.
Observation 1 NR already supports downlink reference signals that can be used to characterize the cell load distribution in the spatial domain, e.g. on a per SSB beam coverage area.

Limitations of cell-specific load information
The TR 37.816 [1] has concluded that for load sharing and load balancing in NR, the reported information over X2, Xn and F1 should contain at least cell-specific load.  Cell-specific load information, however, is unable to capture uneven load distribution within the cell area and can lead, by itself, to harmful mobility decisions. 
Figure 1 shows two examples wherein using only cell-specific load information is not enough for the correct operation of the load management function. Both examples consider a service cell highly loaded at least in some local area, here defined by the coverage area of different SSB beams. A target UE in the loaded area may detect and report a neighbor target cell as a good mobility target. The UE reports measurements per SSB, i.e. per SSB beam area. Given its loaded status, the serving cell can request resource status report to the target cell.
In the example in Figure 1(a), the target cell reports high cell load, although in the SSB beam coverage area where the UE is moving, the target cell has enough available capacity for the UE thanks to its spatial multiplexing capability. The serving node is then led to believe that the target cell is also highly loaded and chooses not to handover the UE to the target cell. 
In the example in Figure 1(b), the target cell reports medium-low cell load. While cell-wise the reported load is not high, the load is all concentrated in the SSB beams coverage area where the UE is moving. The loaded serving cell is thus led to believe that the target cell has enough available capacity for the target UE and initiates a handover request, whilst it should have kept the target UE. 
Observation 2 Cell-specific load information is not enough for the correct operation of the load management function in NR.
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(a) Fail to move target UE regardless the neighboring beam has enough available capacity (due to high cell load report).
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(b) Fail to keep target UE regardless the neighboring beam has NOT enough available capacity (due to medium-low cell load report)


[bookmark: _Ref14187330]Figure 1: Examples where using only cell-specific load information may lead to wrong mobility decisions.

Therefore, introducing in NR beam level load indication, e.g. on a per SSB beam level, as opposed to only cell-specific, can be beneficial to enhance the mobility load balance functionality. In the example in Figure 1(a), using beam level load information, the serving cell would be aware that in the beam coverage area where the UE is moving, the target cell has enough available capacity to accept the UE, and would therefore be able to correctly initiate a handover request. On the other hand, in the example in Figure 1(b), using beam level load information, the serving cell would be aware that in the beam coverage area where the UE is moving, the target cell does not have enough available capacity to accept the UE, and would therefore avoid to initiate a handover request which would be likely to lead to suboptimal performance. 
Another example, illustrated in Figure 2, shows that indicating only per cell resource allocation is not enough to fully represents the distribution of resource utilization in the cell. In this example, a cell with four SSB beams serves users that are located only under the coverage area of two SSB beams. Multi-user MIMO techniques, however, would allow to reuse the same PRBs simultaneously for users under the coverage area of different SSB beams Therefore, while from a cell perspective 80% of the PRBs are utilized, the cell could accept users under the coverage area of SSB-3 and SSB-4 where resources are not utilized. 
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[bookmark: _Ref19698897]Figure 2: Illustration of spatial distribution of resource utilization across SSB beams coverage area-
Finally, the example illustrated in Figure 3, illustrates that using only cell-specific composite available capacity (CAC) could provide an inaccurate measure of the cell potential. This example refers to the case illustrated in Figure 2, where the cell resources can be fully reused within the coverage areas of each SSB beam. In this case, the cell-specific CAC as defined in LTE would indicate a low available capacity hiding the fact that the cell can provide capacity under the coverage area of certain SSB beams. 
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[bookmark: _Ref19699064]Figure 3: Illustration of CAC per cell vs CAC per SSB beam coverage area for the example in Figure 2.
Therefore, when one considers the parameters: 
· Composite Available Capacity per cell (DL/UL), reported via X2, Xn and F1 interfaces; 
· Cell Level Load (DL/UL/SUL) reported via X2, Xn, and F1 interfaces;
· TNL Load reported via X2, Xn, F1, and E1 interfaces.
and asks the question of whether they are sufficient for the correct functioning of the load management function, the answer is that they are not sufficient and that they need to be complemented with some extra information that would make the load information accurate from a spatial point of view. Considering this, the following is proposed.
Proposal 1 To introduce beam level composite available capacity and/or load on a per SSB beam level as part of the load per cell exchanged over RAN interfaces.

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 NR already supports downlink reference signals that can be used to characterize the cell load distribution in the spatial domain, e.g. on a per SSB beam coverage area.
Observation 2 Cell-specific load information is not enough for the correct operation of the load management function in NR. 
In this contribution, the following proposals are captured:
Proposal 1 To introduce beam level composite available capacity and/or load on a per SSB beam level as part of the load per cell exchanged over RAN interfaces.
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