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Introduction

Coverage and capacity optimization has already been discussed in LTE. In this paper, we would like to discuss the possible NR work for CCO based on previous discussion.

Discussion

Detection of unintended holes in the coverage

The scenarios for unintended holes could be divided into two types. One is predictable coverage scenario, the other is unexpected coverage scenario. Predictable coverage scenario:

- Adjusting cell coverage according to operator’s deployment requirement (planned by the operator and technically feasible);

- Coverage adjustment caused by other SON cases, e.g. energy savings, Interference reduction;

Unexpected coverage scenario:

- Abnormal condition: cell failure, NG-RAN node failure, etc. 

- Incorrect network coverage planning;
According to the above discussion, how to make the coverage holes to be sensed by the influenced NG-RAN node would be an important issue which needs to be solved.

In the case of predictable coverage scenario, the OAM/sensitive network node would be the control center which knows the operation impact on corresponding NG-RAN nodes, e.g. cell deletion caused by operator handling. Then the OAM/ sensitive network node could notify the corresponding NG-RAN nodes directly. And the C&C optimization outputs could be transferred to NG-RAN nodes via OAM commands or Big data Server.
In the case of unexpected coverage scenario, the coverage hole detection would rely on UE measurement report or interactive information between NG-RAN nodes. The unexpected coverage scenario, for example, when network runs, in case of cell failure, the failure cell will rebuild itself. However there exists the scenario that the cell reestablishment is always unsuccessful, for example, transport tunnel abnormity or incorrect cell parameters configuration. Then service failure would happen at this area. It is necessary to collect the information of all kinds of failures, e.g. RLF failure, HO failure, call drop, cell selection/reselection, RRC resume failure, etc., which could be used to evaluate the C&C problems. The following information are proposed to achieve this purpose: UE measurement report, RAN internal information and the information exchanged between NG-RAN nodes. 

UE measurement report:

In R9 LTE, the availability of RSRP/RSRQ measurements performed before RLF in the prepared case, is indicated in the following RRCConnectionReestablishmentComplete message after RLF happened. The UE sends the ‘RLFReport’ containing available set of RSRP/RSRQ in UEInformationReponse upon request from E-UTRAN.

It has already been supported in LTE MDT, while for NR, such RLF report mechanism is also needed.
RAN internal information:

1) Mobility Performance Statistics Counter

It includes the number of triggered HO (includes all kinds of mobility cases, intra-system intra-RAT, intra-system inter-RAT, inter-system inter-RAT), number of successful HO and number of unsuccessful HO. Such statistical RAN internal information should be counted for each pair of {serving cell, neighbour cell}, and it reflects the coverage condition between the serving cell and the neighbour cell.

On the other hand, the statistical data collection for MR-DC case should also be taken into account, e.g., SN addition, SN change, SN release, etc.

QoE related information collection
It includes all the UE/RAN measurements which are used to evaluate the service quality of UE, e.g., per 5QI data rate, data throughput per flow/PDU session/UE, data packet drop rate, data packet delay rate.
The information exchanged between NG-RAN nodes:
1) Cell status

Cell status could bring limitation to cell coverage. Under the scope of UE, it seems that there has a coverage hole if the cell status is not normal. 

It has already been supported in NG-RAN node Configuration Update procedure.
2) Cell configuration

Cell configuration, e.g. cell type, frequency, transmission bandwidth, will impact on different CCO algorithms as input parameters.

On the other hand, in LTE, each eNB may be configured with alternative coverage configurations and an eNB may autonomously select and switch between these configurations, e.g. using the Active Antenna Systems functions. AAS function is still useful in NR.
The above information exchange has already been supported in Xn Setup and NG-RAN node Configuration Update procedures.
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5.1
Capacity and Coverage Optimization
5.1.1
Use case description
Editor Note: capture the use cases description and benefits of the use cases
Coverage and Capacity Optimization (CCO) is one of the typical operational tasks to optimize the radio access network (RAN). CCO has been identified as a key use case for SON since LTE, which aims to provide the required capacity in the targeted coverage areas and to minimize the interference and maintain an acceptable quality of service in an autonomous way. The coverage must be therefore provided in both, idle, active and inactive mode for both, UL and DL.There is a trade-off between coverage and capacity optimization, capacity enhancements are usually at the expense of service coverage degradations, and vice versa. There is a need to balance and manage the trade-off between the two.
CCO allows the system to periodically adapt to the changes in traffic (i.e. load and location) and the radio environment

by automatically adjusting coverage for the cells that serve a certain area for a particular traffic situation. Due to the introduction of beam based antenna structures the set of configurable antenna and RF parameters are multi-dimensional. It is very complex to find the mapping between network configurations with target coverage and capacity performance. To make it feasible, some kind of machine learning techniques could be utilized which will leverage on the data collected in the RAN network. The collected data could be UE measurements, performance measurements, events and other monitoring information. These inputs could help the operator firstly identify the coverage and capacity problems, for instance, coverage hole, weak pilot pollution, overshoot coverage and DL and UL channel coverage mismatch and further perform the coverage and capacity optimization. 

Coverage holes with unbalanced DL and UL channel coverage require consideration. The concept of RLF reporting from UE to RAN node and corresponding analysis provide the means to identify coverage holes and separate them from mobility related RLF failures, but a more detailed analysis of the root cause of a coverage hole is needed for an efficient CCO algorithm to detect UL channel coverage holes. Providing knowledge about root cause of a coverage hole by more elaborated analysis in the RAN node can trigger the right countermeasures quicker and more reliably. 
5.1.2
Solution description

The coverage and capacity optimization solution is overlapping with MRO, MLB, AAS, Energy Saving, RACH optimization, MDT. 
While for RAN internal information, both UE measurements and NG-RAN node measurements need to be further investigated.
3. Conclusion

It is proposed to agree on the above TP for CCO optimization.
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