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Introduction
RAN3 have successfully introduced an intra-system mobility load balancing (MLB) functionality for NG-RAN in Rel-16 which, in many regards, enhances the LTE MLB solution. To this end, the signalling support for a RESOURCE STATUS REPORTING procedure has been introduced over Xn, F1 and E1, as well as enhanced over X2 for EN-DC. In addition, the NG-RAN MLB functionality has been enhanced with new types of load metrics that can be reported with a finer granularity compared to LTE, such as per SSB beam and per network slice. 
Extending the Rel-16 intra-system NG-RAN MLB solution to an inter-system scenario, however, requires some additional discussion. In this contribution we share our views on inter-system MLB for NG-RAN in Rel-17.
[bookmark: _Ref178064866]Discussion 
Intra-system MLB in NG-RAN
The scope of an inter-system MLB function is to transfer load/capacity status information between neighbouring RAN nodes belonging to two different systems, e.g. E-UTRAN and NG-RAN, and thereby facilitate load sharing and load balancing between radio cells of the two systems. 
The RESOURCE STATUS REPORTING procedure, recently introduced in the NG-RAN Rel-16 system [1], defines the required the signalling and load/capacity metrics to be exchanged for intra-system MLB. The load/capacity metrics that a RAN node can request to a neighbouring RAN node may comprise: 
· Radio Resource Status 
· Composite Available Capacity (CAC)
· Hardware load indicator 
· TNL capacity indication  
· Number of active UEs
· Number of RRC connections
In addition to the traditional cell-level load information reporting, for intra-system MLB in NG-RAN, different load/capacity metrics can be configured to be reported with different granularity, such as per SSB area and per network slice, and with configurable periodicity ranging from 500ms to 10000ms. 
Intra-system MLB in NG-RAN
Compared to the baseline MLB functionality of a legacy LTE system, where load information is defined on a per cell basis, the newly defined NG-RAN MLB functionality can be more data intensive due to the finer granularity of the load/ capacity metrics that can be reported between two RAN nodes. For instance, while an eNB of a legacy LTE system can be configured to report a single CAC value per cell, an NG-RAN node may be configured to additionally report up to 64 CAC values, one for each SSB area of the cell, when the cell consists of 64 SSB areas. In addition, when an NG-RAN node is configured to report the Slice Available Capacity, up to 24576 capacity values may need to be reported per cell (i.e., up to 1024 slice items for each PLMN Id broadcast in a cell, with up to 12 PLMN Ids per cell, for both DL and UL – without considering the extension to maximum number of supported slices).
Similarly, the Radio Resource Status IE has been extended to also indicate the PRB usage per SSB area for all traffic in Downlink and Uplink, and the usage of PDCCH CCEs for Downlink and Uplink scheduling. Therefore, the SSB Area Radio Resource Status List reported by a gNB may bring (approximately) up to a 64x more information compared to the legacy Radio Resource Status List reported by an LTE eNB.
Observation 1 The NG-RAN MLB functionality in Rel-16 is more data intensive compared to the LTE MLB functionality due to the finer granularity of the load/ capacity metrics. 

In addition to this, inter-system signalling, can be more process intensive because of the following reasons:
· The signalling has to be received at one CN node connecting to many RAN nodes, namely the CN node receiving and forwarding the messages may be subject to very intense signaling load and therefore may have reduced processing capacity.
· The signalling has to be forwarded from one CN system to another. For example, in case of signalling from E-UTRAN to NG-RAN, the signalling has to be triggered by an eNB towards an MME, then it has to be forwarded from the MME to an AMF via inter CN interfaces, then it has to be signalled from the AMF to the target NG RAN node. This implies high delays and computational power consumption.
· The high delays in inter CN signalling may impact the effectiveness and usefulness of periodic measurements aimed at providing frequent status updates of the load/capacity metrics.

Therefore, new mechanisms are required to provide an effective and processing efficient way of signalling load and capacity metrics across different systems.
Observation 2 An inter-system MLB function can be more processing intensive compared to intra-system MLB function.
Observation 3 Periodic measurements reports may become less effective and useful for inter-system operations fur to the higher latency of inter-CN signalling. 

Possible directions for inter-system MLB
[bookmark: _GoBack]Due to the large amount of information that can be exchanged between two RAN nodes for MLB in an NG-RAN Rel-16, a mere extension of the NG-RAN intra-system MLB solution to the inter-system MLB scenario seems unwise. 
On the one hand, some of the load metrics currently available for intra-system MLB may become outdated by the time the load information reaches the intended destination due to the higher latency involved in the inter-system signalling. As such, exchanging some of the available load metrics, such as the Hardware load and the TNL available capacity (at least for some of the interfaces), may be unnecessary for inter-system MLB operation.
On the other hand, some of the load metrics currently available for intra-system MLB can be rather data intensive, as earlier discussed, and as such may have an undesired impact on the CN nodes that will be involved in inter-system MLB. One such example could be the Slice available capacity IE, which can comprise up to 24576 capacity values per cell for each RESOURCE STATUS UPDATE message reported. As such, it may be necessary to identify a subset of the currently available load metrics that can be more relevant for inter-system MLB.
Proposal 1 RAN3 to consider identifying a subset of the Rel-16 intra-system load metrics with the respective granularity, that are more relevant for inter-system MLB.
Another aspect to investigate for inter-system MLB is the effectiveness of periodic load reporting. Due to the higher latency involved in the inter-system signalling, periodic load reporting may be not as efficient as in an intra-system scenario. Additionally, if the load metrics configured to be reported generate large reports, forcing the system to report such information periodically could lead to undesired performance degradation (as earlier discussed). Therefore, it seems useful to study more in detail the impact of periodic load reporting for inter-system MLB, for instance by identifying a subset of the periodicity values that are less demanding for the system, yet useful for inter-system MLB.  
Proposal 2 RAN3 to study the effectiveness of periodic load reporting for inter-system MLB in Rel-17.
In addition, it could be useful to study the feasibility of introducing alternative ways to periodic load reporting for inter-system MLB in Rel-17, such as suitable solutions for an event triggered inter-system load reporting, so that a load information is reported across systems only when strictly necessary.
Proposal 3 RAN 3 to study alternative ways to periodic load reporting for inter-system MLB in Rel-17, such as event triggered load reporting. 
Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Hlk508794470]In this contribution, the following observations are captured:
Observation 1 The NG-RAN MLB functionality in Rel-16 is more data intensive compared to the LTE MLB functionality due to the finer granularity of the load/ capacity metrics.
Observation 2 An inter-system MLB functionality can be more process intensive compared to intra-system MLB.
Observation 3 Periodic measurements reports may become less effective and useful for inter-system operations fur to the higher latency of inter-CN signaling

In this contribution, the following proposals are captured:
Proposal 1 RAN3 could consider identifying a subset of the Rel-16 intra-system load metrics, with the respective granularity, that are more relevant for inter-system MLB.
Proposal 2 RAN3 to study the effectiveness of periodic load reporting for MLB in Rel-17
Proposal 3 RAN 3 to study alternative ways to periodic load reporting for inter-system MLB in Rel-17, such as event triggered load reporting.
References
[1] [bookmark: _Ref32406197][bookmark: _Ref47387657]3GPP TS 38.423 “Technical Specification Group Radio Access Network; NG-RAN; Xn application protocol (XnAP)” Rel.-16, V16.2.0 2020-07.
