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1   Introduction

In RAN 84 meeting, it was agree on the new WID on SON/MDT support for NR [1]. The main objectives of the work item include:

· 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] 

In this contribution, we mainly give the load definition and load reporting procedure for MLB optimization solution.

2   Discussion
2.1   Measurement mechanism

In LTE, load reporting is used by an eNB to request the reporting of load measurements to another eNB by performing Resource Status Reporting Initiation, and the result of load measurements is used by performing Resource Status Reporting procedure. Therefore, it is proposed that the same structure can be reused for NG-RAN.

Proposal 1: It is proposed to reuse the Resource Status Reporting Initiation and Resource Status Reporting procedure to report the load measurements.
In addition, current RESOURCE STATUS REQUEST message include Reporting Periodicity IE, which indicates the time interval between two subsequent RESOURCE STATUS UPDATE messages. Therefore, the periodicity mechanism can be reused in NR MLB in order to simply standardized processes.

In the past, periodic measurements are used unless there is a problem where the signalling has to be reused. The benefit of event based reporting is that the signalling is reused but instead the reporting logic imposes some added complexity. Therefore we propose to start by using periodic reporting and discuss event based reporting later, if needed.
Proposal 2: It is proposed to reuse periodicity mechanism for load reporting transmit in NR MLB and events- triggered procedures could be discussed later if needed.

When looking at the legacy mechanism in LTE, this has evolved for some time (e.g. add and partial stop). Therefore, we think it would be beneficial to re-consider the detailed encoding. 
2.2   Interface consideration

For load sharing and load balancing functions over X2/Xn interfaces, note that RESOURCE STATUS REQUEST/RESPONSE/UPDATE messages have not been introduced in NR. Therefore, the load reporting of MLB for NR cells could be able to use the procedure by sending a RESOURCE STATUS REQUEST/RESPONSE/UPDATE message from NG-RAN node1 to a peer NG-RAN node2 over Xn interface.
Proposal 3: Add RESOURCE STATUS REQUEST/RESPONSE/UPDATE on the Xn interface.
For CU-DU architecture, the load reporting have two scenarios in the following:

· Case 1: The gNB-CU receives the load reporting request from the neighbour gNB, and the gNB-CU should sends the load reporting request to the gNB-DU, then the gNB-DU responds according to the request..

· Case 2: To balance the load of gNB-DUs under the gNB-CU, the gNB-CU sends load reporting request to the gNB-DU, then the gNB-DU responds according to the request.

In any scenario, the CU sends a load request to the DU. The load reporting of MLB could be able to use the procedure by sending a RESOURCE STATUS REQUEST message from gNB-CU to gNB-DU over F1 interface, and use the procedure by sending a RESOURCE STATUS RESPONSE/UPDATE message from gNB-DU to gNB-CU over F1 interface.

Proposal 4: Add RESOURCE STATUS RESPONSE/UPDATE on the F1 interface.
For CP-UP architecture, the load information of each gNB-CU-UP may be different, and thus the gNB-CU-UP selection function should consider the load information of each gNB-CU-UP for load balancing. Otherwise, the gNB-CU-CP may select a gNB-CU-UP with low capability, and may result in overload in one gNB-CU-UP but light load in others. 

Therefore, it is proposed that the load reporting for CP-UP architecture could be able to use the procedure by sending RESOURCE STATUS REQUEST messages from gNB-CU-CP to gNB-CU-UP over E1 interface, and use the procedure by sending a RESOURCE STATUS REQUEST messages from gNB-CU-CP to gNB-CU-UP over E1 interface, and use the procedure by sending a RESOURCE STATUS RESPONSE/UPDATE messages from gNB-CU-UP to gNB-CU-CP over E1 interface.

Proposal 5: Add RESOURCE STATUS RESPONSE/UPDATE on the E1 interface.
In EN-DC, Master eNB may select proper secondary en-gNB. It is beneficial for the MeNB to select an en-gNB with lower load as the secondary node. Therefore, the Master eNB should be able to obtain the load information of secondary en-gNB. 

As a result, it is proposed to introduce EN-DC Resource Status Reporting Initiation procedure and EN-DC Resource Status Reporting procedure similary as LTE, and the load information of secondary en-gNB could be sent from the secondary en-gNB to the master eNB by using a RESOURCE STATUS REQUEST/RESPONSE/UPDATE message over EN-DC X2 interface. 
Proposal 6: Add RESOURCE STATUS REQUEST/RESPONSE/UPDATE for EN-DC  on the X2 interface.
2.3   Measurements

2.3.1   Load measurement over Xn
Similar as LTE, Composite Available Capacity per cell could be able to use cell capacity class value and capacity value to indicate the overall available resource level in downlink and uplink. Cell level load could be able to use PRB usage to indicate the usage of the PRBs for all traffic in downlink and uplink. It is proposed to add similar measurements as on LTE, namely Composite Available Capacity, PRB usage TNL and HW load.
Proposal 7: Reuse the basic measurements from X2

For the information of SUL/UL load information, UE can be configured with 2UL carriers (UL/SUL), the UE may be scheduled or decides on its own to transmit either on the normal uplink carrier, or the supplementary uplink carrier. It is beneficial to report the load of Normal UL and SUL carrier to neighbour nodes separately. Therefore, PRB usage and Composite Available Capacity should be able to calculate separately for UL carrier and SUL carrier.
Proposal 8: It is proposed that PRB usage and Composite Available Capacity should report UL carrier and SUL carrier separately.

For slice feature in NR system, NG-RAN support the following key principles of network slicing as describe in TS 38.300 [3]:

· Resource management between slices: NG-RAN supports policy enforcement between slices as per service level agreements. It should be possible for a single NG-RAN node to support multiple slices. The NG-RAN should be free to apply the best RRM policy for the SLA in place to each supported slice.

· Resource isolation between slices: The NG-RAN supports resource isolation between slices. NG-RAN resource isolation may be achieved by means of RRM policies and protection mechanisms that should avoid that shortage of shared resources in one slice breaks the service level agreement for another slice. It should be possible to fully dedicate NG-RAN resources to a certain slice. How NG-RAN supports resource isolation is implementation dependent.

· Etc.

The main purpose of resource isolation is to avoid one slice congestion affecting another slice. Based on this, per slice level resource utilization is necessary to define.

In addition, for UE mobility procedure, slice-aware admission control will be performed if the slice information is sent to the target gNB. 

Therefore, NG-RAN node should be able to request and report per slice level radio resource utilization information to peer NG-RAN node over the Xn interface, at least for the CAC measurement.

Proposal 9: It is proposed to agree on per slice level load reporting for at least CAC over Xn.

2.3.2   Load measurement over F1

The load reporting over F1 will be used for CU to correctly balance the load but also for the CU to build the aggregated load information which is to be reported to neighbour cells. Therefore, we propose to start by simply re-using the measurements defined for Xn 
Proposal 10: Ire-use the measurments defined for Xn over F1.
2.3.3   Load measurement over E1

For CP-UP architecture, Current specification defined a gNB-CU-UP Capacity IE which only can indicates the relative processing capacity of gNB-CU-CP, and it could not be frequently update. Hence, this IE cannot be reused to evaluate the CU-UP load for NR MLB. Therefore, Composite Available Capacity should be introduced in E1 interface..
Therefore, it is proposed that the load reported information over E1 interface could include Composite Available Capacity per cell (DL/UL/SUL) which could be measured per slice level.

Proposal 11: It is proposed that the load reported information for E1 interface could include Composite Available Capacity (DL/UL/SUL) per cell and slice level for CP-UP architecture.
3   Conclusion

In this contribution, the use case and solutions for load balancing optimization is discussed and we propose:

Proposal 1: It is proposed to reuse the Resource Status Reporting Initiation and Resource Status Reporting procedure to report the load measurements.
Proposal 2: It is proposed to reuse periodicity mechanism for load reporting transmit in NR MLB and events- triggered procedures could be discussed later if needed.

Proposal 3: Add RESOURCE STATUS REQUEST/RESPONSE/UPDATE on the Xn interface.
Proposal 4: Add RESOURCE STATUS RESPONSE/UPDATE on the F1 interface.
Proposal 5: Add RESOURCE STATUS RESPONSE/UPDATE on the E1 interface.
Proposal 6: Add RESOURCE STATUS REQUEST/RESPONSE/UPDATE for EN-DC  on the X2 interface.
Proposal 7: Reuse the basic measurements from X2

For the information of SUL/UL load information, UE can be configured with 2UL carriers (UL/SUL), the UE may be 
Proposal 8: It is proposed that PRB usage and Composite Available Capacity should report UL carrier and SUL carrier separately.

Proposal 9: It is proposed to agree on per slice level load reporting for at least CAC over Xn.

Proposal 10: Ire-use the measurments defined for Xn over F1.
Proposal 11: It is proposed that the load reported information for E1 interface could include Composite Available Capacity (DL/UL/SUL) per cell and slice level for CP-UP architecture.
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