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Introduction

Mobility load balancing/Mobility Robustness optimisation has already been supported in LTE. This paper would like to provide initial discussion on MLB/MRO for NR which focus on the difference.

Discussion

2.1 Idle mode MLB

According to TS36.300, The MLB function enables requesting of a change of  reselection parameters at target cell. The source cell that initialized the load balancing estimates if it is needed to change mobility configuration in the source and/or target cell. If the amendment is needed, the source cell initializes mobility negotiation procedure toward the target cell.

The source cell informs the target cell about the new mobility setting and provides cause for the change (e.g. load balancing related request). The proposed change is expressed by the means of the difference (delta) between the current and the new values of the handover trigger. The handover trigger is the cell specific offset that corresponds to the threshold at which a cell initialises the handover preparation procedure. 

Though it allows the cell reselection configuration may be amended to reflect changes in the HO setting. However, it is not clear how to reflect it.

According to TS38.304, The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:
The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:

	Rs = Qmeas,s +Qhyst - Qoffsettemp
Rn = Qmeas,n -Qoffset - Qoffsettemp


where:

	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.

For inter-frequency: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 38.331 [3].


The UE shall perform ranking of all cells that fulfil the cell selection criterion S, which is defined in 5.2.3.2.

The cells shall be ranked according to the R criteria specified above by deriving Qmeas,n and Qmeas,s and calculating the R values using averaged RSRP results.

Here the Qoffset can be used to be negotiated between cells to help to balance idle mode UE offload. When a NG-RAN node trigger to negotiate the handover trigger settings with a peer NG-RAN node controlling neighbouring cells, besides the handover trigger settings, the cell reselection settings should also be included.

Proposal1: The cell reselection settings should also be allowed to be adjusted via Mobility Settings Change procedure.

2.2 NR handover measurement events
When the NG-RAN node does mobility load balancing decision for the connected UEs, it will have to consider the radio signal condition of the target cells. The normal way to evaluate the signal quality of the cell is based on UE measurements which defined in TS38.331.

- Event A1 (Serving becomes better than threshold)

- Event A2 (Serving becomes worse than threshold)

- Event A3 (Neighbour becomes offset better than SpCell)

- Event A4 (Neighbour becomes better than threshold)

- Event A5 (SpCell becomes worse than threshold1 and neighbour/SCell becomes better than threshold2)

- Event A6 (Neighbour becomes offset better than SCell)
- Event B1 (Inter RAT neighbour becomes better than threshold)

- Event B2 (PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2)

The above UE measurement reporting thresholds/periods could be adjusted by corresponding NG-RAN nodes to distribute the UEs among cells which is achieved by delaying or advancing the handing over of the UEs between cells.

In NR, for intra-system intra-RAT case, similar as LTE, Event A3 could be regarded as the typical event for mobility purpose.

Inequality A3-1 (Entering condition)

Mn + Ofn + Ocn – Hys > Mp + Ofp + Ocp + Off

Inequality A3-2 (Leaving condition)

Mn + Ofn + Ocn + Hys < Mp + Ofp + Ocp + Off

The Mobility Parameters Information IE in the Mobility Settings Change procedure contains the change of the Handover Trigger as compared to its current value. The Handover Trigger corresponds to the threshold at which a cell initialises the handover preparation procedure towards a specific neighbour cell. The cellIndividualOffset could be regarded as the typical parameter of Handover trigger.

While for intra-system inter-RAT case, Event B1 and Event B2 should be taken into account.

Inequality B1-1 (Entering condition)

Mn + Ofn + Ocn – Hys > Thresh

Inequality B1-2 (Leaving condition)

Mn + Ofn + Ocn + Hys < Thresh

Inequality B2-1 (Entering condition 1)

Mp + Hys < Thresh1

Inequality B2-2 (Entering condition 2)

Mn + Ofn + Ocn – Hys > Thresh2

Inequality B2-3 (Leaving condition 1)

Mp – Hys > Thresh1

Inequality B2-4 (Leaving condition 2)

Mn + Ofn + Ocn + Hys < Thresh2

The cellIndividualOffset still can be regarded as the typical parameter of Handover trigger.

Proposal2: Both the intra-system inter-RAT case and intra-system intra-RAT case need to be considered with the Mobility Settings Change procedure for the MLB/MRO NR.

3. Conclusion

It is proposed to approve the following proposals:

Proposal1: The cell reselection settings should also be allowed to be adjusted via Mobility Settings Change procedure.

Proposal2: Both the intra-system inter-RAT case and intra-system intra-RAT case need to be considered with the Mobility Settings Change procedure for the MLB/MRO NR.

The corresponding TP for TR 37.816 is provided as below.
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5.3
Mobility optimization
5.3.1
Use case description
Editor Note: capture the use cases description and benefits of the use cases
In LTE, Mobility Robustness Optimisation (MRO) aims at detecting and enabling correction of following problems, which will deteriorate user experience and waste network resources:

-
Connection failure due to intra-LTE or inter-RAT mobility;

-
Unnecessary HO to another RAT (too early IRAT HO with no radio link failure);

-
Inter-RAT ping-pong.

For connection failure due to intra-LTE or inter-RAT mobility, three kinds of failures were identified: too late HO, too early HO and HO to a wrong cell. The detection of the events is enabled by the RLF Indication and HO Report procedures. By analysing the report from UE and network side information, HO related parameters could be adjusted to resolve the detected problems. 

For unnecessary HO to another RAT, the RAN node in the other RAT, may instruct the UE to continue to evaluate the received measurement reports with the coverage/quality condition received during the inter-RAT HO preparation phase and decide if an inter-RAT unnecessary HO report should be sent to the RAN node in the source RAT.

For inter-RAT ping-pong, the statistics regarding ping-pong occurrence may be based on evaluation of the UE History Information IE in the HANDOVER REQUIRED message. If the evaluation indicates a potential ping-pong case and the source eNB of the 1st inter-RAT handover is different than the target eNB of the 2nd inter-RAT handover, the target eNB may use the HANDOVER REPORT message to indicate the occurrence of potential ping-pong cases to the source eNB. 

For NR, mobility optimization solution should also be introduced to detect and resolve the above problems. LTE should be taken as the baseline. Intra-system (5GS) intra/inter-RAT mobility and inter-system (5GS) inter-RAT mobility should be studied in the SI. Since new network architectures, e.g., MR-DC, CU-DU split, CP-UP separation and some new features, e.g., BWP, beam, etc, are introduced in NR, enhancements on the procedures and measurements are needed. For instance:

New information or measurement is defined and collected, e.g. besides cell level measurements, related beam IDs and beam measurements, as well as SUL information are also included in the RLF report, and/or HO Report.
Enhancenment to F1/Xn/X2 to support mobility enhancement in CU/DU architecture, MR-DC.
5.3.2 Solution description
Editor Note: Capture the solutions for the use case, including the procedure for configuration and collection of measurements, necessary procedures and information exchange required for the solution, as well as comparison and evaluation on potential alternative solutions.
The Mobility Parameters Information in the Mobility Settings Change procedure contains the change of the Handover Trigger as compared to its current value. The Handover Trigger corresponds to the threshold at which a cell initialises the handover preparation procedure towards a specific neighbour cell. The cellIndividualOffset could be regarded as the typical parameter of Handover trigger. Both the intra-system inter-RAT case and intra-system intra-RAT case need to be considered with the Mobility Settings Change procedure.
5.3.3 Conclusion

5.4
Load Sharing and Load Balancing Optimization
5.4.1
Use case description
Editor Note: capture the use cases description and benefits of the use cases
The objective of load sharing and load balancing is to distribute cell load evenly among cells or to transfer part of the traffic from congested cell, or to offload users from one cell or carrier or RAT to achieve network energy saving, This can be done by means of optimization of cell reselection/handover parameters and handover actions. The automation of such optimisation can provide high quality user experience, while simultaneously improving the system capacity and also to minimize human intervention in the network management and optimization tasks.

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. 

Both intra-RAT and inter-RAT load balancing scenarios should be supported. LTE is the baseline, studies for NR will focus on

Definition of the data required the load sharing and load balancing;

Functionalities and actions required to support the load sharing and load balancing, e.g., load reporting architecture, adapting handover and/or reselection configuration
5.4.2 Solution description
Editor Note: Capture the solutions for the use case, including the procedure for configuration and collection of measurements, necessary procedures and information exchange required for the solution, as well as comparison and evaluation on potential alternative solutions.
According to TS36.300, The MLB function enables requesting of a change of  reselection parameters at target cell. The source cell that initialized the load balancing estimates if it is needed to change mobility configuration in the source and/or target cell. If the amendment is needed, the source cell initializes mobility negotiation procedure toward the target cell.

According to TS38.304, The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:
The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:

	Rs = Qmeas,s +Qhyst - Qoffsettemp
Rn = Qmeas,n -Qoffset - Qoffsettemp


where:

	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.

For inter-frequency: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 38.331 [3].


The UE shall perform ranking of all cells that fulfil the cell selection criterion S, which is defined in 5.2.3.2.

The cells shall be ranked according to the R criteria specified above by deriving Qmeas,n and Qmeas,s and calculating the R values using averaged RSRP results.Here the Qoffset can be used to be negotiated between cells to help to balance idle mode UE offload. When a NG-RAN node trigger to negotiate the handover trigger settings with a peer NG-RAN node controlling neighbouring cells, besides the handover trigger settings, the cell reselection settings should also be included.

The cell reselection settings should also be allowed to be adjusted via Mobility Settings Change procedure.
5.4.3 Conclusion
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