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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], including load sharing and load balancing optimization.
In this paper we consider possible enhancements to load sharing and load balance in NR.
[bookmark: _Ref178064866]Discussion
Enhanced resource status information in NR
A 3GPP NR cell can be configured to transmit multiple Synchronization Signals and PBCH Blocks (SSB) for the purpose of cell search and synchronization. An SSB consists of a primary and secondary synchronization signals (PSS, SSS), each occupying 1 symbol and 127 subcarriers, and a PBCH signal spanning across 3 OFDM symbols and 240 subcarriers, but on one symbol leaving an unused part in the middle for SSS.
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 spatial beams, spanning the coverage area of a cell). Within the frequency span of a carrier, multiple SSBs can be transmitted. The PCIs of SSBs transmitted in different frequency locations do not have to be unique, i.e. different SSBs in the frequency domain can have different PCIs. However, when an SSB is associated with an RMSI, the SSB corresponds to an individual cell, which has a unique NCGI (see subclause 8.2). Such an SSB is referred to as a Cell-Defining SSB (CD-SSB). A PCell is always associated to one and only one CD-SSB located on the synchronization raster.
In NR 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 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. This provides a much finer granularity than in LTE where resource status information is available at a per cell level.
Figure 1 shows an example where defining resource status information per SSB beam can be beneficial for enhancing MLB NR. 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-1 in the loaded area may report measurements that a neighbour cell-A is detected with good radio conditions, possibly including beam measurements, and also reports another cell that is farther away e.g. cell-B. 
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[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. Since in LTE the resource status information is cell-specific, the loaded serving node may be led to believe that the target node is also overloaded. However, in the beam coverage area where the UE is moving, Cell-A has enough available capacity to accept the UE. 
Therefore, introducing in NR resource status information per SSB beam, as opposed to only cell-specific resource status information as in LTE, can be beneficial to enhance mobility load balance (MLB) in NR.

Proposal 1 Consider introducing resource status information per SSB beam or group of SSB beams.

Enhanced Resource Status Reporting for NR 
A key requirement to enhance MLB in 3GPP NR is to introduce a resource status reporting procedure. The LTE resource status reporting procedure (cf. [1], clause 8.3.6) can provide the baseline to define the inter-node signalling aspects for resource status reporting in NR, as showed in  Figure 2. However, to enable more efficient load sharing and load balancing in NR, the resource status report for NR should be extended to comprise resource status information per SSB.
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[bookmark: _Ref467738]Figure 2: Signaling exchange for Resource Status Reporting procedure in NR.
In the scenario in Figure 1, gNB1 may start the Resource Status Reporting Initiation by transmitting a RESOURCE_STATUS_REQUEST message to gNB2 indicating to report resource status information for SSBs transmitted by gNB2 in cell-A and cell-B. The request for resource status information could be for all SSBs or for a group of SSBs transmitted in a cell of gNB2.
The RESOURCE STATUS RESPONSE may then follow the same principles used in LTE (cf. [1], clause 8.3.6). Specifically, if gNB2 is capable to provide all requested resource status information, it shall initiate the measurement as requested by gNB1, and respond with a RESOURCE STATUS RESPONSE message. If gNB2 is capable to provide some but not all the requested resource status information, for instance measurements for a smaller set of SSBs, and the Partial Success Indicator IE is present in the RESOURCE STATUS REQUEST message, gNB2 can initiate the measurement for the admitted measurement objects and include the Measurement Initiation Result IE in the RESOURCE STATUS RESPONSE message. Otherwise gNB2 would respond with a RESOURCE STATUS FAILURE message.
If the Resource Status Reporting is successfully initialized, gNB2 can initiate the Resource Status Reporting to report the result of measurements admitted by gNB2 using a RESOURCE STATUS UPDATE message. The admitted measurements are the measurements that were successfully initiated during the preceding Resource Status Reporting Initiation procedure. The difference with the legacy LTE Resource Status Reporting procedure is in the type of measurements reported, which can be configured and reported per SSB beam.
Proposal 2 Introduce a Resource Status Reporting procedure in NR using the LTE signalling for Resource Status Reporting as baseline.
Proposal 3 Enhance the Resource Status Reporting procedure for NR with resource status information defined per SSB beam.

MLB enhancements for NR
With the introduction of a resource status reporting procedure where nodes can exchange resource status in the cell on a per SSB granularity rather than only on a per-cell granularity, more efficient load balancing and load sharing mechanisms can be designed for LTE and NR.  
Enhanced handover for NR
As illustrated in the example in Figure 1, in NR it could be desirable to trigger the handover preparation procedure even toward a loaded cell if its load is unevenly distributed, i.e. if the UE could be moved to an area of the target cell with little or no load. 
This can be achieved with the introduction in NR of resource status information per SSB beam of the target cell. In this case, the serving gNB could initialize the handover preparation procedure toward the neighbouring cell if the SSBs of the neighbouring cell measured by the UE are not loaded and their signal strength fulfils the Handover requirement. The handover preparation could additionally be initiated towards specific SSB beams of the target cell.

Enhanced mobility settings change for NR
An alternative approach to enhance MLB in NR is to introduce an enhanced Mobility Settings Change procedure for NR to negotiate the handover trigger settings with peer gNBs controlling neighboring cells (on a per SSB or group of SSB basis). 
The Handover Trigger parameter corresponds to the threshold at which a cell initialises the handover preparation procedure towards a specific neighbour cell. In LTE and NR Rel-15, the Handover Trigger is cell specific. The Mobility Parameters Information IE contains the change of the Handover Trigger as compared to its current value, where a positive value of the change means the handover is proposed to take place later.
For NR, however, it could be beneficial to introduce multiple Handover Trigger parameters per cell, with each Handover Trigger being associated to one part of cell coverage area, as defined, for instance by the coverage area of an SSB or a group of SSBs. 
Proposal 4 Consider introducing multiple Handover Trigger parameters for NR defined per SSB or group of SSBs.

The basic signaling exchange of the LTE Mobility Settings Change procedure (cf. [1], clause 8.3.8) can be adopted as baseline for introducing a Mobility Settings Change procedure in NR, as illustrated in Figure 3.
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[bookmark: _Ref473030]Figure 3: Signaling exchange for Mobility Settings Change procedure in NR.
The procedure is initiated with a MOBILITY CHANGE REQUEST message sent from gNB1 to gNB2. Unlike LTE, however, in NR would be beneficial to enable the MOBILITY CHANGE REQUEST message to comprise an handover triggering modification for a specific coverage area of the target gNB. This can be achieved, for instance, by introducing multiple Handover Trigger parameters per cell as described above. 
Upon receiving a MOBILITY CHANGE REQUEST message, gNB2 shall evaluate if the proposed handover trigger modification may be accepted. If gNB2 can successfully complete the request it shall reply with a MOBILITY CHANGE ACKNOWLEDGE message. If the requested parameter modification is refused by the gNB2, or if the gNB2 is not able to complete the procedure, the gNB2 shall send a MOBILITY CHANGE FAILURE message. The gNB2 may include a Mobility Parameters Modification Range IE in MOBILITY CHANGE FAILURE message, for example in cases when the proposed change is out of the permitted range.
Proposal 5 Introduce a Mobility Settings Change procedure in NR using the corresponding LTE signalling for Mobility Settings Change as baseline.
Proposal 6 Enhance the Mobility Settings Change procedure for NR to enable handover triggering settings on a per SSB basis.





Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc502931810][bookmark: _Toc502953352][bookmark: _Toc502953538][bookmark: _Toc502953582][bookmark: _Hlk508794470]In this contribution, the following proposals are captured:
Proposal 1 Consider introducing resource status information per SSB beam or group of SSB beams.
Proposal 2 Introduce a Resource Status Reporting procedure in NR using the corresponding LTE signalling for Resource Status Reporting as baseline.
Proposal 3 Enhance the Resource Status Reporting procedure for NR with resource status information defined per SSB beam.
Proposal 4 Consider introducing multiple Handover Trigger parameters for NR defined per SSB or group of SSBs.
Proposal 5 Introduce a Mobility Settings Change procedure in NR using the corresponding LTE signalling for Mobility Settings Change as baseline.
Proposal 6 Enhance the Mobility Settings Change procedure for NR to enable handover triggering settings on a per SSB basis.
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