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Discussion
1. Introduction
In RAN#84 meeting, WID on SON/MDT support for NR was approved [1]. The objectives of this work item follow the conclusions by the study item on “RAN-centric Data Collection and Utilization for LTE and NR”, which are defined in [2]. Among detailed objectives, objective related to support of SON features is as follows.
· Support of SON features, including MRO (intra and inter-system), MLB (intra-system), and RACH optimization.  [RAN3, RAN2] 
· Specification of the UE reporting necessary to enhance the network configuration [RAN2]. 

· Specification of the inter-node information exchange, including possible enhancements to S1/NG, X2/Xn, and F1/E1 interfaces [RAN3]
According to conclusion section for load sharing and load balancing optimization in [2], at least the following load related information should be specified.

-
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

In this contribution, we focus on the load for supplementary uplink (SUL) reported via Xn and F1 interface in MLB and provide our view on it.
2. Discussion
In LTE, load balancing action based on handovers may be performed depending on the load information of neighbor eNB. Similarly, in NR, the source gNB may initiate handover due to its load considering the load information of neighbor gNB provided by Xn interface. The target gNB performs admission control for the load balancing handovers.
Among NR features, there is supplementary uplink (SUL) to improve UL coverage for high frequency scenarios. According to the level of using SUL per cell i.e., SUL load per cell, if the cell has high SUL load, the gNB which controls it may trigger handover for load balancing toward the cell of neighbor gNB which has low SUL load to reduce its SUL load. In order to select this cell of neighbor gNB, the gNB is necessary to receive SUL load per cell of neighbor gNB.
Proposal 1: SUL load per cell should be exchanged between adjacent gNBs over the Xn interface for load balancing.
Because there is no procedure for load reporting between the gNBs in Xn interface, new procedure is necessary to be defined. In order for the load reporting to be provided to neighbor gNB, similar to the Resource Status Reporting Initiation and Resource Status Reporting procedures in X2AP, the gNB should be able to request the load reporting to neighbor gNB with reporting periodicity. Then, neighbor gNB transmits the requested load information to the gNB every reporting periodicity. Through these procedures, the gNB can know SUL load per cell of neighbor gNB.
Proposal 2: New XnAP procedures to report SUL load per cell between adjacent gNBs should be defined based on Resource Status Reporting Initiation and Resource Status Reporting procedures in X2AP.

In case the gNB is split as the CU and DU, the gNB-CU transmits SUL load per cell to neighbor gNB or gNB-CU. However, SUL load per cell to be transmitted is provided by the gNB-DU. It is because the gNB-DU manages SUL, which includes monitoring of SUL load.
Observation 1: The gNB-DU which manages SUL provides the gNB-CU with SUL load per cell to be transmitted.
According to [2], as highlighted in yellow, load sharing and balancing across gNB-DUs within one gNB-CU is necessary.
	5.4
Load Sharing and Load Balancing Optimization 
5.4.1
Use case description

…
Compared to LTE, NR new features, e.g. CU/DU split and CP-UP separation architecture, network slicing, and EN-DC/MR-DC should be considered in the load sharing and load balancing optimization in NR. Study on load sharing and balancing across DUs within one gNB is needed (load management over F1), as well as load sharing and balancing across CU-UPs within one gNB (E1 load management). It should be studied whether slicing level metrics e.g. slice level radio resource utilization and slice availability also need to be taken into account for the reselection/handover parameters and handover action optimization. 
…


For this load balancing including SUL, we would consider using existing procedure such as the gNB-DU Status Indication procedure. If the gNB-DU is overloaded because SUL of cell within it is congested, it indicates to the gNB-CU its status of overload using the gNB-DU Status Indication procedure. However, because this procedure informs the gNB-CU of whether the gNB-DU is overloaded or not only, the gNB-CU cannot identify the reason of overload. Also, regardless of whether the gNB-DU is overloaded or not, the gNB-CU does not know SUL load per cell of gNB-DUs within it through existing procedure. So, the gNB-DU Status Indication procedure cannot be used to perform load balancing for SUL across gNB-DUs within the gNB-CU.
One possible option for load balancing for SUL is to define the new procedures based on the Resource Status Reporting Initiation and Resource Status Reporting procedures in X2AP to report SUL load per cell from the gNB-DU to the gNB-CU. In first new procedure, the gNB-CU only triggers new procedure to request SUL load reporting to it since the gNB-DU has SUL load per cell as shown in Figure 1 (a). In second new procedure, the gNB-DU reports SUL load per cell to the gNB-CU as illustrated in Figure 1 (b).
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Figure 1. New procedures for SUL load reporting
Observation 2: New F1AP procedure that the gNB-CU requests the report of SUL load per cell to the gNB-DU is necessary.

Observation 3: New F1AP procedure that the gNB-DU reports SUL load per cell to the gNB-CU is needed.
If the new F1AP procedures are considered, periodic reporting of SUL load may be necessary to perform appropriate load balancing across gNB-DUs. When the gNB-CU knows SUL load per cell of gNB-DUs, it may initiate inter-gNB-DU mobility for load balancing. Also, based on received SUL load per cell, the gNB-CU would request or instruct modification of SUL related parameter to balance SUL load per cell.
Observation 4: The gNB-CU needs to receive SUL load per cell from the gNB-DU to perform load balancing for SUL across gNB-DUs within it.

Based on above observations, the following proposal is suggested:
Proposal 3: For load balancing for SUL across gNB-DUs within one gNB-CU, the following F1AP procedures should be defined:
· Procedure for requesting report of SUL load per cell to gNB-DU (gNB-CU triggered);
· Procedure for reporting SUL load per cell to gNB-CU (gNB-DU triggered).
3. Conclusion
In this contribution, we focused on the load for SUL reported via Xn and F1 interface in MLB and provided our view on it. The following proposals are kindly suggested to RAN3:
Proposal 1: SUL load per cell should be exchanged between adjacent gNBs over the Xn interface for load balancing.
Proposal 2: New XnAP procedures to report SUL load per cell between adjacent gNBs should be defined based on Resource Status Reporting Initiation and Resource Status Reporting procedures in X2AP.

Proposal 3: For load balancing for SUL across gNB-DUs within one gNB-CU, the following F1AP procedures should be defined:

· Procedure for requesting report of SUL load per cell to gNB-DU (gNB-CU triggered);

· Procedure for reporting SUL load per cell to gNB-CU (gNB-DU triggered).
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