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Introduction
In the RAN3#101b meeting, an initial list of Self Organizing Network (SON) functions was agreed to be studied as use cases for the Rel-16 RAN-centric data collection and utilization for LTE and NR study item [1]. Load sharing and load balancing optimization is one of the agreed SON functions.
In this paper we review the basic mechanisms standardized in the 3GPP  LTE to support user mobility due to load balancing. While the handover based LTE load balancing solution can provide a baseline for introducing mobility load balancing in NR, herein we further discuss NR features that can be used to design more efficient load balancing for NR to better exploit the spatial distribution of load in NR cells and new features e.g., SSB beams.    
[bookmark: _Ref178064866]Discussion
Mobility load balance in LTE 
Mobility load balancing (MLB) was introduced in LTE to handle uneven distribution of the traffic load over multiple cells. The purpose of MLB is thus to regulate the load distribution in such a manner that radio resources remain highly utilized and the QoS of in-progress sessions are maintained to the extent possible and call dropping probabilities are kept sufficiently small. Currently LTE specifies three components for MLB:
· Load state reporting;
· Handover (HO) based on load balancing decision;
· Adopting HO or cell reselection configuration to keep the load balanced.       
In the following, we will briefly review the above-mentioned components required for load balancing mechanism. 
Load state reporting
The load status reporting function is executed by exchanging cell-specific load information between neighbor enhanced NodeBs (eNBs) over the X2 (intra-LTE scenario) or S1 (inter-RAT scenario) interfaces. In the case of intra-LTE load balance, the source eNB (e.g., eNB1 in Figure 1) may trigger a RESOURCE STATUS REQUEST message to potential target eNBs (e.g., eNB2 in Figure 1)  at any point in time, for example when the load is above a pre-defined threshold. If the target eNB can provide all or some of the requested resource status information, it shall initiate the measurements as requested by the source eNB and respond with a RESOURCE STATUS RESPONSE message whether or only parts of the measurements can be provided.
Upon successful initialization of resource status reports from target to source, the target eNB can respond (periodically or not) with a RESOURCE STATUS UPDATE message containing the requested measurements, such as its load per cell [2]. 
If none of the requested measurements can be initiated, eNB2 shall send a RESOURCE STATUS FAILURE message specifying whether the measurements are temporarily not available or not supported for each requested measurement object [2]. 

UE selection, handover and mobility settings change
MLB algorithms are typically vendor proprietary and take decisions for UE selection (i.e., which UEs shall be moved) and cell selections (i.e., to which cell the selected UEs shall preferably be moved). An eNB can thus perform UE selection and cell selection based on, for instance, the available radio link quality measurement report (e.g., RSRP, RSRQ, SINR, etc) of both serving and potential target cells reported by the candidate UEs, resource status information report of neighbouring eNBs’ cells.
Once a source eNB decides to offload users in its coverage area due to overload, there are two approaches to handover the UEs to the selected target eNBs:
· Handover (HO) command 
· Mobility settings change 
In the first approach, an MLB based HO command is triggered for the selected candidate UEs toward the respective selected cell in the selected target eNB. UEs are then handed over following the HO procedure. In this case, a specific set of UEs is selected by the source eNB for handover with load balancing purpose.
The mobility settings change procedure [3], instead, enables an eNB to negotiate the cell-specific HO trigger settings (e.g., cell individual offset) with a peer eNB controlling the neighbouring cells. A source eNB negotiates an HO offset between its congested cells and the neighbouring cells in a target eNB. If the procedure is successful, the HO offset has the effect of effectively shrinking the coverage area of the congested cells and extending the border of neighbouring cells. The agreed HO trigger settings is signalled to the UEs in the served by the source eNB and no specific UE is selected by the source eNB for HO. 
Observation 1 [bookmark: _Ref536697517]MLB in LTE is based on cell-specific load status information.
New aspects in NR mobility
The basic mobility solution in NR shares some similarities to LTE. However, there are some key features that distinguish the mobility in NR from mobility in LTE, namely:
· NR cell characterization based on multiple spatial beams converging different area of the cell;
· Availability of beam-level measurements report;
· NR cell-quality definition;

Cell characterization
While an LTE cell is characterized by the transmission of a single pair of primary-secondary synchronization signals (PSS-SSS) carrying the cell ID, an NR cell is characterized by a transmission burst with up to  Synchronization Signals and PBCH Blocks (SSB) multiplexed in time and beamformed to cover different parts of the cell’s coverage area, see e.g. Figure 1. Each SSB is identified by a unique SSB index consists of a PSS-SSS signal pairs encoding the cell physical cell ID (PCI), and the physical broadcast channel (PBCH) payload. Beam sweeping is used for transmitting each SSB in a different downlink beam within a SS burst set period. 
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(a) Example of LTE cell defined by a PSS-SSS
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(b) Example of NR cell defined by many SSBs


[bookmark: _Ref536707208]Figure 1: Difference between LTE and NR cell for synchronization signals and broadcast channel.
The possible time locations of SSBs within a half-frame are determined by sub-carrier spacing and the periodicity of the half-frames where SSBs are transmitted is configured by the network. During a half-frame, different SSBs may be transmitted in different spatial directions (i.e. using different beams, spanning the coverage area of a cell). Within the frequency span of a carrier, a gNB can transmit multiple SSBs, possibly using different PCIs for SSBs at different frequency locations. However, when an SSB is associated with an RMSI, the SSB corresponds to an individual cell, which has a unique CGI. Such an SSB is referred to as a Cell-Defining SSB (CD-SSB). A PCell is always associated to a CD-SSB located on the synchronization raster.
Observation 2 An NR cell coverage is characterized by the coverage area of multiple downlink SSBs.

Beam-level measurements and cell quality
[bookmark: _Hlk536710698]An NR capable UE may be configured to perform L3 beam measurements based on different reference signals, such as SSB and CSI-RSs, and report them for each serving and triggered cells, i.e. for each cell fulfilling triggering conditions for measurement report.
The measurement model in NR, as described in TS 38.300 (cf. [4], Figure 9.2.4-1), states that in RRC_CONNECTED state, the UE measures multiple beams (at least one) of a cell and the measurements results are averaged to derive the overall cell quality. To this end, the UE can be configured to consider a subset of the detected beams. Filtering takes place at two different levels: at the physical layer (i.e., L1 filtering) to derive beam quality; and then at RRC level (i.e., L3 filtering) to derive cell quality from multiple beams. Cell quality from beam measurements is derived in the same way for the serving cell(s) and for the non-serving cell(s). The UE can also be configured to report measurement results of multiple (best) beams.
Observation 3 In NR a UE can be configured to perform L3 beam measurements for different reference signals, such as SSB and CSI-RSs. The overall cell quality is derived by averaging measurements over multiple reference signals.

In LTE and NR, handovers decisions or PSCell change decisions are typically taken based on the coverage and quality of a serving cell compared to the quality of a potential neighbor. Quality is typically measured in terms of RSRQ or SINR, while coverage is typically measured based on RSRP. In NR, a cell may comprise a set of downlink SSB beams where PSS-SSS are transmitted.
Measurement reports
The NR measurements report shares several aspects of the LTE measurement reports, e.g. measurement reports include the measurement identity of the associated measurement configuration that triggered the reporting. In addition, measurement reports in NR are characterized by beam specific information:
· Cell and beam measurement quantities to be included in measurement reports are configured by the network;
· Beam measurements to be included in measurement reports are configured by the network (beam identifier only, measurement result and beam identifier, or no beam reporting).
Beam measurement information (SSB/CSI-RS indexes with or without associated measurements) may be included in NR measurement reports. One of the purposes of reporting measurements per beam is to enable the source node to take educated decisions in terms of ping-pong avoidance during handover. Both inter-frequency and inter-frequency beam measurements can be configured based on SSB and CSI-RS.
New scenarios for MLB in NR 
Intra-NR MLB
The ability to configure measurement reports per SSB beams in NR has a twofold benefit: On one hand, the network can spatially multiplex UEs more efficiently; On the other hand, beam-level measurement reports provide a higher resolution of the spatial distribution of UEs and traffic in each cell which can potentially be used to enhance MLB.
[image: ]
[bookmark: _Ref381424]Figure 2: Example of unbalanced load distribution between SSB in NR cells. 
The example in Figure 2 shows an NR serving cell that is highly loaded in some local areas as defined, for instance, by the coverage area of different SSBs. In this example, a target UE may report measurements that a neighbour cell-A is detected with good radio conditions, possibly including beam measurements, and reports cell-B is far away. 

Assuming to use the LTE MLB solution (that defines and measure the load at cell level) as baseline for NR, the serving node requests resource status information to the target node which, in return, 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. Since with the LTE solution the load definition and resource status information repot is cell-specific, the loaded serving node may be led to believe that the target node is also overloaded. However, at the beam level, the coverage area of Cell-A, where the UE is moving, provide enough available capacity to accept the UE with a better quality of service. 
Therefore, introducing in new definition of for load (e.g., per SSB beam) as opposed to only cell-specific load definition in LTE, can be beneficial to enhance MLB.
Observation 4 Load definition per cell basis cannot properly capture the spatial distribution of load in NR cells over spatially distributed beams and pros and cons of association of the load to the new features (e.g., SSB or CSI-RS beams) may need further investigations.


Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc502931810][bookmark: _Toc502953352][bookmark: _Toc502953538][bookmark: _Toc502953582][bookmark: _Hlk508794470]In this contribution, the following observation is captured:
Observation 1 [bookmark: _GoBack]MLB in LTE is based on cell-specific load status information.
Observation 2 An NR cell coverage is characterized by the coverage area of multiple downlink SSBs.
Observation 3 In NR a UE can be configured to perform L3 beam measurements for different reference signals, such as SSB and CSI-RSs. The overall cell quality is derived by averaging measurements over multiple reference signals.
Observation 4 Load definition per cell basis cannot properly capture the spatial distribution of load in NR cells over spatially distributed beams and pros and cons of association of the load to the new features (e.g., SSB or CSI-RS beams) may need further investigations.
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