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Introduction

Self-Organising Networks (SON) was introduced in LTE to support deployment of the system and performance optimization. The first SON features, PCI allocation and Automatic Neighbour Relations (ANR) were introduced already in Rel.8 (while the term "SON" was introduced in Rel-9). Success of these two features encouraged further study on the topic and resulted in a Rel.9 work item that eventually enabled 3 SON features: Mobility Robustness Optimisation (MRO), Mobility Load Balancing (MLB) and RACH optimisation. The two first features, MRO and MLB, turned out to be key enablers of LTE and they were further enhanced in following releases to match increasing LTE complexity. Besides ANR, MRO, MLB and RACH optimisation, also other features enabling particular aspects of network self-optimisation were discussed and enabled in separate SIs/WIs: Minimization of Drive Tests (MDT), Energy Saving (ES), interference cancellation (ICIC, eICIC), etc. These SON features are performed based on the statistic of massive data from network and UE, which can be regarded as the pioneers of Data usage in RAN. The new SI “RAN-centric data collection and utilization for LTE and NR” was approved in RP-182105.
When the above SON/MDT functions applied to the real network, there still have some issues raised. Here we provide further analysis on the problems and introduce the Smart Grid method.
Discussion

2.1 Issues
1) Blind UE selection for load balance

Traditionally, the RAN node will select some UEs to offload to neighbour cells with low load when the current serving cell is overloaded. Without inter-frequency measurements by UEs, it may cause the user-experienced data rate to decrease or blind handover failure.

Considering the number of frequencies will be expanded in 5G and LTE deployments, inter-frequency measurements are required to obtain reference signal received power (RSRP) values of cells on neighboring  frequencies, however it is based on gap assistant measurements, which will bring delay of load balance and decrease the data transmission.
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                                    Figure1: Example for Blind UE selection for load balance

For example, UEs are scattered within the coverage of Cell11, when Cell11 is overloaded, the load balance will be triggered without inter-frequency measurements, then UEs are located near to Cell23 may be selected to handover to Cell21 which will bring bad user experience or even worse, UE drop will happen, such load balance decision should be avoided.
Blind SCC/SCell selection for CA
Similarly, without the Inter-frequency measurements, the blind carrier/cell selection in carrier aggregation (CA) may be inappropriate, which will bring carrier aggregation failure or negative impact on system capacity.
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                                                Figure2: Example for Blind SCC/SCell selection for CA
For example, when RAN node selects SCells for UE1 and UE2 for CA blindly without inter-frequency measurements, if Cell21 selected as secondary cell for both UE1 and UE2, for UE2, Cell22 is more appropriate than Cell21 to be selected. 

Fast Inter-frequency handover
Nowadays, inter-frequency handover will be triggered by Event A2, which means the Serving becomes worse than threshold. After the RAN node receives Event A2, it will trigger UE to perform  inter-frequency measurements with gap assistant.

Since NR GAP assistant measurement delay could be 800ms (FR1, gap 40ms, no DRX)~5s, it is quite possible that the radio quality of Serving cell will get rapidly worse during the gap assistant measurement period, RLF will happen. Meanwhile, the user data throughput will also be decreased due to scheduling stops during UE performs the measurements.

Therefore, how to achieve fast inter-frequency handover without inter-frequency measurements also needs to be solved.
Proposal1: The above issues need to be investigated and “smart” solution without introducing signalling latency, reducing unnecessary inter-frequency measurements which helps save UE power  and improving the system capacity is preferred.

2.2 Smart Grid Method
To accelerate load balance, carrier selection, inter-frequency handovers and increase the user experienced data rate, Smart Grid Method is proposed to be introduced. 

The Smart Grid, is obtained by measuring UE's intra-frequency measurement results, and then divides the serving cell with multiple grids according to the signalling measurement difference, it is a kind of different space partition method which is different with the traditional space partition method based on geographical location. Some AI (Artificial Intelligence) algorithms can be used to construct the smart grids, e.g., clustering algorithm.

Then the NG-RAN node can use these models to directly predict the RSRP values of cells on neighboring frequencies for each UE.
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Figure3: Smart Grid Method

Take load balance use case as an example on how to use Smart Grid. Firstly, each grid of the serving cell will be established based on intra-frequency measurement of UEs under this serving cell, the Grid can be marked with RSRP of Serving cell, and other 3 RSRP of intra-frequency neighbour cells.

After the Grids have been established, all the UE measurements reports will be used to setup the Footprint info of those Grids, e.g., the UE list under this Grid, the inter-frequency neighbour cell list for each carrier (which can be ordered by RSRP). While other possible useful footprint information are not excluded, which depends on the RRM usage.

For load balance case, when the serving cell is overloaded, the RAN node can select some of the UEs under this serving cell, then check the corresponding selected UE via UE ID, and look up the the Footprint infor of the Grid which this UE belongs to, there is no need to trigger the  inter-frequency measurement towards UE, the RAN node can decide the proper inter-frequency neighbour cell to offload this UE according to the load infor of the neighbouring cells and the inter-frequency neighbour cell list information of each Grid.

Such Smart Grid Method can bring lots of benefits to improve the network performance and user experience. Here we just give an example on how to construct the Smart Grid and the corresponding Footprint infor. Therefore we propose to further study on the Smart Grid Method and how to specify it within 3GPP scope also needs to be investigated.
Proposal2: Smart Grid Method can bring lots of benefits to improve the network performance and user experience. Further study on the Smart Grid Method is needed, and how to specify it within 3GPP scope also needs to be investigated.
3. Conclusion

It is proposed to approve the following proposals:

Proposal1: The above issues need to be investigated and “smart” solution without introducing signalling latency, reducing unnecessary inter-frequency measurements which helps save UE power  and improving the system capacity is preferred.

Proposal2: Smart Grid Method can bring lots of benefits to improve the network performance and user experience. Further study on the Smart Grid Method is needed, and how to specify it within 3GPP scope also needs to be investigated.
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