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Introduction

In RAN3#104, the SI work of Mobility Load Balancing has been finished and the progress has been summarized in TR37.816. 
----------------------------------------------------------From 37.816-----------------------------------------------------------

5.4.3
Conclusion

Load sharing and load balancing functions over X2, Xn, F1 and E1 interfaces should be specified in Release 16 normative phase. At least the following load related information should be specified. Whether the reporting mechanism supports both periodic and event-triggered procedures is for further decision during normative phase.

-
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

Further refinement on the above metrics, as well as an evaluation on whether these metrics are sufficient for the correct functioning of the load management function and whether they should be complemented with additional enhancements should take place during Release 16 normative phase. 

Likewise, introduction of additional load information over X2, Xn, F1 and E1 interfaces is seen as potential enhancement on several areas and may be considered for specification in Release 16. Details to be further discussed during normative phase: 
-
Beam level load indication

-
Hardware load related information

-
Per slice/band level reporting

-
For EN-DC case, the EN-DC X2 interface are enhanced to support load information report from SgNB to MeNB
----------------------------------------------------------From 37.816-------------------------------------------------------------
In this contribution, based on the above conclusion, we will further discuss the load information reporting mechanism over different interfaces and the load information selection for reporting in Release 16.
Discussion
Load Reporting Mechanism
In Release 15, the load information reporting  mechanisms over E1 and F1 were introduced in TS 38.463 and TS38.473 respectively, i.e., the gNB-DU Status Indication procedure and gNB-CU-UP Status Indication procedure.
For E1 interface, the gNB-CU-UP informs the gNB-CU-CP that the gNB-CU-UP is overloaded so that the overload reduction actions can be applied by gNB-CU-CP.

For F1 interface, the gNB-DU informs the gNB-CU that the gNB-DU is overloaded so that the overload reduction actions can be applied by gNB-CU.

It is obvious that the load information reporting mechanisms over E1 and F1 are similar, with only a load status indicator to indicate whether the gNB-CU-UP/gNB-DU is overloaded or not. However, this kind of reporting mechanism is too rough to support the complete function of MLB in Release 16. 

Observation: The current load information reporting mechanisms over E1 and F1 cannot fulfill the requirement of MLB function in Release 16.
In current specification, the load information reporting mechanisms over E1 and F1 are Class 2 procedures. To support the periodic procedures for reporting, the Class 1 procedure should be considered. In this case, the Resource Status Reporting procedure can be taken as baseline over E1 and F1 interface. In this case, taking F1 as example, the gNB-CU could inform the Reporting Periodicity and trigger one or more load measurements towards the gNB-DU  to control the reporting of gNB-DU.

Proposal 1: The load information reporting mechanisms over E1 and F1 in NR should be newly defined.

For Xn interface, the load reporting mechanism has not been introduced in current specification. In LTE, the Resource Status Reporting procedure is applied between the eNBs to exchange the load information. Similarly, this load management mechanism can be taken as baseline between NG-RAN nodes.

Proposal 2: The load information reporting mechanisms over Xn in NR should be defined.

In EN-DC, the mobility cases should be further studied in Release 16. And the load information reporting for SgNB to MeNB should be supported over EN-DC X2 interface. For example, the MeNB should be aware of the load information of target SgNB before the SgNB Addition/Modification procedure. 

Meanwhile, the load information of MeNB should also be reported to SgNB. For example, there could be a scenario in NR, as shown in Figure 1, a specific gNB can be regarded as the Secondary node for EN-DC accessed by UE1and  the standalone NG-RAN node accessed by UE2 at the same time. In this case,  when the MLB is applied to the specific gNB, the load information of MeNB should be reported to gNB (SgNB) for load balancing, e.g., in case overload occurs in the SgNB, it can offload UE1 like UE back to MeNB. Furthermore, considering the cell on/off  based energy saving in NR, there could be the scenario where the eNB is used for basic coverage and the gNB is used for capacity booster. In this case, the load information of eNB should also be reported to gNB in order to help the gNB make switch off decision.properly  Therefore, the load management mechanism (Resource Status Reporting procedure) over X2 in LTE could be reused over EN-DC X2 interface.
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Figure 1. One Possible Scenario in NR
Proposal 3: The load information exchange between MeNB and SgNB in EN-DC should be supported. 
Load Information Selection
From TR37.816, as highlighted in Introduction section, the Composite Available Capacity per cell, Cell level Load and TNL Load should be supported for load information reporting. While, the Beam level load indication, Hardware load related information and  per slice/band level should be further studied.
In theory, the cell quality can be derived from beam measurement based on the SS and CSI-RS measurement. However, the beam modeling scheme in SA5 is still under discussion without any agreement. Therefore, whether adopting beam level load information may need more input from SA5.

Proposal 4: Whether adopting beam level load information should wait for the progress of SA5.
The Resource Status Reporting procedure in LTE involves the hardware load indicator which indicates the load status,e,g,,low load, medium load, high load, etc. For NR, this parameter should be reused to indicate the load status of the target entity.
Proposal 5: Hardware load related information should be supported.
Network slice is able to provide the resource status within the NG-RAN node over Xn interface and minimize the impact of congested slices within NG-RAN nodes. In addition, in the scenario of CP-UP separation, there could be several slices supported in different gNB-CU-UPs, and the load information exchange of per slice should be supported over E1 interface for the slice selection. So, the slice level load should be supported.
Proposal 6: Slice level load information should be supported.
For NR, there are multiple individual cells (identified by different NR CGI) within a wideband carrier, which are exchanged over the Xn interface, how to define the cell capacity definition is analyzed in [1]. The definition of cell capacity should be clarified, especially for the inter-vendor issue. The different cell capacity definition will derive to different available capacity percentage, which may cause the misunderstanding among the vendors. Therefore, the band level load should be supported.
Proposal 7: Band level load information should be supported.
Conclusion
Proposal 1: The load information reporting mechanisms over E1 and F1 in NR should be newly defined.

Proposal 2: The load information reporting mechanisms over Xn in NR should be defined.

Proposal 3: The load information reporting from SgNB to MeNB over EN-DC X2 should be supported.

Proposal 4: Whether adopting beam level load information should wait for the progress of SA5.
Proposal 5: Hardware load related information should be supported.
Proposal 6: Slice level load information should be supported.
Proposal 7: Band level load information should be supported.
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