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Introduction
Following the approval of the RAN-Centric Data Collection Study Item at the last RAN Plenary #81, RP-181752, a new opportunity has arisen to collate RAN Parameters which can be used in variety of ways to enhance the operation of the network and the user experience. 
In this contribution we aim to introduce at a high level, a number of topics which we believe should be included in this Study. These are as follows:
· RAN Parameters which from an operator’s perspective are essential to collect.
· Network Scenarios
In order to make the best use of the available network resources, for example, power, spectrum, as well as infrastructures the aim with this study is to use centralised Machine Learning Algorithms to analyse the data collected from various nodes and interfaces to provide network optimisation. 
The aim is to use the collected data from the RAN Network to:
1- Enhance the day-to-day performance of the network 
2- Repair and avoid network faults 
3- Improve User Experience 
4- Build up performance models for future network expansion and network forward-optimisation

In Section 4 we list the parameters, from various network elements, which we believe would be beneficial in formulating a overall RAN performance profile and in Section 5 the Network Scenarios are presented.
Network Problems
Some of the problems that an operator faces on daily basis consist of:
· Dropped RRC Connections 
· Failed handover between cells and between RATs 
· Unsuccessful RRC Connection Establishment attempts 
· Cell congestion
· Sleeping Cells
· Carrier aggregation issues
· Poor or no throughput
· Coverage voids 
· Signal fading and signal loss 
A number of techniques are at operator’s disposal such as drive testing and software optimisation which can resolve some of the faults, however in order to be able to provide a deeper map or behaviour of the network elements, greater amount of data mining is required from various network elements. In particular, the use of normal UEs to provide information about their real experience to the network is important.

RAN Architectural Considerations
As stated in the agreed SID, RP-181752, the data collection should not be limited to one type of RAT Technology nor to a particular architecture. Therefore, the data collection methodology should be equally applied to E-UTRAN and to NR Radio Architectures. See following Figure 1, Figure 2 and Figure 3, which illustrate the common architectures, however other Architectural options such as Option 4, 7 and 5 are not precluded. 
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[bookmark: _Ref525565534]Figure 1 E-UTRAN Architecture
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[bookmark: _Ref525565541]Figure 2 Option 3X Dual Connectivity Architecture
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[bookmark: _Ref525565550]Figure 3 Option 2 Architecture, NR RAN Connected directly to 5G Core




[bookmark: _Ref525569939]RAN Requirements
The RAN parameters can be categorised in the following groups. The intention is to devise a mechanism to capture the required data from various RAN elements. The following sections illustrate a number of parameters which are of interest:  
UE Related Parameters
RAT Technology used 
Signal Strength/ RSRP/ RSRQ
Channel Quality Indicator CQI
Noise and interference level 
Band information (what bands can UE detect) 
Power amplifier information / PAR information 
RRC Connection Establishment Attempt Failures
Dropped RRC Connections 
Handover Failures
Radio Link Failures (RLF) 
Re-establishment Attempts  
Coverage voids (no signal) locations
Download and Upload Throughput
QoS / Latency/ Jitter/ Packet Loss 
UE location
[bookmark: _GoBack]
Antenna Related Parameters
Passive Antennas 
Antenna related Information through AISG Interface  
Throughput related information 
Beam Tilt angle 
Power into the antenna (RF input power into the antenna) 
Antenna connector coupling (VSWR on RF Feeds) 
Tower Mounted Amplifier (TMA) 
Transmission Modes (TM1, TM2 etc.) 

Active Antennas
Massive MIMO Beam related information
Antenna Output Power 
Transmission Mode 

 
DU Related Parameters
Cell Name
Cell ID 
Cell Noise and Interference 
Cell Capacity / load 
Cell outage 
Cell Down time
Sleeping Cells
Number of attached UEs in a cell 
Radio Technology (RAT) 
Base Station / eNodeB ID 
Power setting
Power Amplifier Output Power
Automatic Neighbour Relation (ANR) and List 
Cell to cell handover
Inter-RAT handover 
QoS / Latency/ Jitter/ Packet Loss
Timing Advance 
Reference Signal (RS) Power and Structure
Drop Calls 
Radio Link Failure (RLF) 

Transmission Network Parameters (over F1) 
F1-C Related Information
F1-U Throughput related information 
Throughput capacity 
Packet Delay / Latency / Propagation Delay 
Packet Loss 
Jitter
Availability
Reliability 
Link failure Rate
Synchronisation between the DU and Aggregation point 
Abnormal Circuit Release 

CU Related Parameters
Bearer Management Monitoring
QoS Flow Monitoring
SIB Monitoring
gNodeB Configuration Monitoring
UE Context Monitoring 
E1 Link Monitoring
Control CU-CP and User CU-UP Planes Monitoring 
General RAN Parameters
Configuration Management
Performance Management 
Fault Management
Alarms
Network topology / Architecture / 
Load balancing 
Synchronisation (end to end) 


[bookmark: _Ref525824444]Network Scenarios 
In this section we list the scenarios that we believe are essential for the overall operation of the network. The scenarios are categorised into two main groups as shown in the following: 
Self-Optimising Network (SON) Use Cases
Capacity and Coverage Optimisation
Cell Outage Detection and Compensation
VoLTE Optimisation
Mobility Optimisation
Load Sharing and Load Balancing Optimisation
RACH Optimisation
Energy Saving
Mobile Drive Test (MDT) Use Cases
LTE V2X Optimisation
URLCC Optimisation 
Edge Computing Optimisation

Massive MIMO (MaMIMO) Use Cases 
MaMIMO Optimisation
MaMIMO Pattern Optimisation
MaMIMO Energy Saving 

Data Collection and Analysis  
In this section we present a number of issues related to Data Collection and Standards related topics.  The material in this section are extracted from ITU’s ML5G-I-065 document which has been discussed in the FGML5G Focus Group. 

In general, there are two main questions to answer (1) How is the Data Processed, in the context of a modern communication network and (2) whether or not we need additional interfaces to collect these data. These two questions are treated at high level in the proceeding sections 

Data Collection, Preparation and Processing 
Data collection & data type:
Data is collected at various levels of the network. It can be classified into:
· Measurements
· Meta Data 
· Context information
For Example, the topic of Mobility Pattern Prediction(MPP) is discussed below:
The measurements are the main source of information for MPP as they directly provide (noisy) position estimates. For instance, RSRP, Timing Advance, GPS are measurement data. Meta data provides information about the state of the network but is not directly related to the MPP task. However, it may still help learning more accurate Machine Learning (ML) models. Examples of meta data are identification information (e.g., cell-id, UE-id, beam-id), various logs, configuration information (e.g. number of antennas) and KPIs. Context data consists of external information, which may help solving the MPP problem. For instance, environmental information such as maps fall into this category. In addition to real data one may also generate simulated data for training ML models. This may be necessary to learn rare events.

Data Characteristics
Data has different dimensions and it is important to specify them for the MPP problem. These dimensions are:
· Resolution (e.g., spatially, temporally)
· Reliability (e.g., precision, noise level, uncertainty)
· Format (e.g., scaling, normalization)
Different ML models and different tasks may impose different requirements on these data dimensions. For instance, if the resolution of the measurements is too low then in the case of MPP one may not be able to train a reliable ML model. However, other tasks such as improvement of energy-efficiency may still be accessible as they do not require estimating the positions of individual UEs, but rather the estimation of number of users in a larger grid cell. The data input characteristics for two exemplar data types which play a crucial role in MPP.

Data Preparation & Processing
Data needs to be pre-processed and cleaned before it can be used by a ML model. This pre-processing includes data cleaning and outlier rejected. For example, negative connection drops should be filtered out in this pre-processing step. 
Most ML models assume that the input data is available in vectorial representation. Thus, a very important task is to convert the data into a format which can be used by the ML model. Note that it is often advantageous if different dimensions of data have the same scale. Thus, these vectors may need to be normalized, e.g., to have mean 0 and standard deviation 1. Since measurements are not available at all times for all UEs, some entries in the vectors need to indicate these “missing values” e.g. as 0. Alternatively, recent matrix completion techniques can be used to estimate these missing values.
Note that input data can also be augmented with simulated data.

Data Representation
Data is stored in different formats at different locations in the network. Some information is represented in counters, other data is stored in log files, yet other is represented by binary values. One way to make all these data accessible through a common interface, is to store it in Hadoop Distributed File System (HDFS).
Data is locally cached at short term prediction engine, pre-processed and some information is forwarded to the long term prediction engine. Such pre-processing and feature extraction is also required if sending data e.g. to a cloud. For learning long-term mobility patterns, it is necessary to store data (or extracted features from the data) over a longer time interval, e.g., days, weeks, months.

Standardization and Technology Gaps
As the work on this Study Item progresses forward it needs to be determined whether the present RAN interfaces and probing mechanism, such as counters etc. would be able to provide the necessary data?  Therefore, the questions that is sensible to ask are as follows:  
Do we need new interfaces?
Do we need new information from the UE?
Do we need new way to access, share and exchange the data?
Do we need new mechanisms for ensuring data privacy and security?
What are the requirements on the ML technology?
A typical Data collection architecture is illustrated in the following Figure 4.
[image: cid:image002.jpg@01D455AB.4A0B2540]
[bookmark: _Ref525813392]Figure 4 High level architecture for the Data Collection Layers

Conclusions and Proposals
A list of RAN Parameters and Scenarios are presented in this contribution in order to start the discussion on the RAN Data Collection.
The RAN parameters listed in this contribution should be discussed and narrowed down to a number of essential items to be collected from various RAN elements and the UEs. The agreed RAN (Infrastructure and UE) Parameters should be included in the TR. 
We propose to include E-UTRAN, Non-standalone (LTE+NR) and Standalone (NR) Architectures in this study and no Architectural types should be excluded in this study. The study should also consider indoor networks as their performance are important as well.  
RAN3 should alongside of these discussion, also discuss whether new interfaces are required to fetch RAN data.
In conclusion we kindly request RAN3 to consider the Scenarios that we have listed to be studied and included in the TR Skeleton. 
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