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	Abstract:
	This contribution proposes to initiate a new work item on “Requirements for smart maintenance of cell antenna”.
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The base station account data includes antenna longitude and latitude of location, azimuth, downtilt angle, power and other core working parameters. Since the antenna location (or site) and azimuth are key parameters for locating network users, keeping them in good maintenance is essential. However, due to the adjustment and optimization of network equipment by engineering construction, network optimization, network planning and other scenarios, there may be inconsistency between the account data and the actual status of current network equipment. 
This draft Recommendation describes the requirements for smart maintenance of cell antenna. The goal of the draft is to explain the requirements of using AI technology to process the big data from the network side, calculate cell site and azimuth, and then provide recommendations for correction based on the comparison with current network configuration. The new work item describes the framework of cell antenna smart maintenance, and the prediction of antenna site and azimuth.
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Draft Recommendation ITU-T M. rsmca
Requirements for smart maintenance of cell antenna
1. [bookmark: _Toc10146][bookmark: _Toc20361]Scope
This draft Recommendation describes the requirements for smart maintenance of cell antennae. The base station account data includes antenna longitude and latitude of location, azimuth, downtilt angle, power and other core working parameters. Since the antenna location (or site) and azimuth are key parameters for locating network users, keeping them in good maintenance is essential. The goal of the draft is to explain the requirements of using AI technology to process the big data from network side and calculate cell site and azimuth, and then provide recommendations for correction based on the comparison with current network configuration.This Recommendation covers the following aspects:
1) the framework of  cell antenna smart maintenance, and the prediction of antenna site and azimuth,  which will be extended in the future. ;
2) prediction of cell antenna site, including the overall process, data pre-processing and data modeling;
3) prediction of cell antenna azimuth, including the overall process, data pre-processing and data modeling;

2. [bookmark: _Toc9599][bookmark: _Toc1858]References
The following ITU-T Recommendations and other references contain provisions which, through reference in this text, constitute provisions of this Recommendation. At the time of publication, the editions indicated were valid. All Recommendations and other references are subject to revision; users of this Recommendation are therefore encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references listed below. A list of the currently valid ITU-T Recommendations is regularly published.
The reference to a document within this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.
[ITU-T M.3010] 	Recommendation ITU-T M.3010 (2000), Principles for a telecommunications management network.
[ITU-T M.3041] 	Recommendation ITU-T M.3041 (2019), Framework of smart operation management and maintenance.
[ITU-T M.3050.1]	Recommendation ITU-T M.3050.1(2007), Enhanced Telecom Operations Map (eTOM) - The business process framework.
[ITU-T M.AI-tom] Framework of AI enhanced Telecom Operation and Management (AITOM).
[ITU-T Y.3172] Recommendation ITU-T Y.3172 (2019), Architectural framework for machine learning in future networks including IMT-2020
[TBD]
3. [bookmark: _Toc6802][bookmark: _Toc1950]Definitions
[bookmark: _Toc14945][bookmark: _Toc5320]3.1 Terms defined elsewhere
This Recommendation uses the following terms defined elsewhere:
3.1.1	base station (BS) [ITU-T Q.1741.3]: A macrocell, microcell or picocell site and consists of transmitters generating radio frequency electromagnetic energy and receivers in a cabin or cabinet. A base station is connected to antennas by feeder cables.
[bookmark: _Hlk41913862]3.1.2	cell site [ITU-T Q.1742.11]: The physical location of a cell's radio equipment and supporting systems. This term is also used to refer to the equipment located at the cell site.
3.1.3	 degrees of latitude [ITU-T Q.762]: Information that indicates the geodetic location of the calling party in terms of degrees of latitude north or south of the equator.
3.1.4	degrees of longitude [ITU-T Q.762]: Information that indicates the geodetic location of the calling party in terms of degrees of longitude east or west of the Greenwich Meridian.
3.1.5	antenna downtilt angle [ITU-R M.1797]: The angle between the direction of the main-lobe and the horizontal plane. NOTE 1 - It is a positive number for downtilt and a negative number for uptilt.
[TBD]
[bookmark: _Toc27014][bookmark: _Toc18238]3.2 Terms defined in this Recommendation
3.2.1	predicted cell site: The predicted location of a cell's radio equipment and supporting systems..
3.1.2	antenna azimuth angle :The angle experienced when the vertical plane in true north direction rotates clockwise to coincide with the vertical plane where the antenna is located
3.2.3	cell azimuth angle: The azimuth angle of the antenna connected to a cell.
3.2.4	predicted cell azimuth angle: The predicted azimuth angle of the antenna connected to a cell.
[TBD]
4. [bookmark: _Toc29214][bookmark: _Toc12067]Acronyms and abbreviation
	AI
	Artificial Intelligence

	MR
	Measurement Report

	AGPS-MR
	Assisted Global Positioning System -Measurement Report

	TA
	Timing Ahead


[bookmark: _Toc4367][bookmark: _Toc4657][TBD]
1. Conventions
None.
1. [bookmark: _Toc1602][bookmark: _Toc25211]Basic Concepts
None
7. [bookmark: _Toc18961][bookmark: _Toc6702]Overview of  Cell Antenna Smart Maintenance
Contributor’s Note: This section would provide the overview of this Recommendation.
The base station account data includes location(longitude and latitude), azimuth, downtilt angle, power and other core working parameters. It is the core resource of the base stations, basic analysis data for network optimization, planning and construction, and the essential data for the application of user positioning algorithm. Therefore, it is crucial to ensure the accuracy of the base station account data. However, due to the adjustment and optimization of network equipment by engineering construction, network optimization, network planning and other scenarios, there may be inconsistencies between the account data and the actual status of current network equipment. According to some statistics, the proportion of cell site deviation greater than 500 meters in some province is up to 10%. These wrong account data will seriously affect the effectiveness of daily network optimization.
The traditional method needs investigation on the site to check the accurate account data, which requires a lot of manpower and resources and is inefficient. In order to solve this issue, an account data prediction system based on big data is developed to realize the accurate prediction of cell site and azimuth through a big data algorithm model and AGPS-MR data carrying longitude and latitude of location.
[image: ]
Fig.1  Framework of  Cell Antenna Smart Maintenance
[TBD]
8. [bookmark: _Toc2850][bookmark: _Toc30607]Prediction of Cell Site
[bookmark: _Toc14723][bookmark: _Toc23631]8.1 Overall Process 
During the communication between the mobile equipment and the cell base station, MR data will be generated every few seconds. Some of these data contain the location information obtained by AGPS positioning. At the same time, there is a timing ahead parameter "n" in the data (unit: TA, each TA represents the distance between the mobile equipment and the base station D is fixed under the same wireless communication system, such as 4G, D = 78m/TA). Therefore, theoretically, the base station is located on the circle with a radius of n*D meters centered on the location of the mobile equipment. After collecting a large amount of AGPS-MR data, we can predict the location of the base station by analyzing the distribution of these circular intersections.
The overall process of location prediction of the base station is shown in the following figure.


[image: ]
Fig.2  overall process of location prediction
[bookmark: _Toc13518][bookmark: _Toc30752][TBD]
8.2  MR Data Pre-Processing
MR (Measurement Report) data is the measurement information reported to the network by the mobile equipment during service execution.  The process follows: read the MR data, extract the MR containing AGPS with the fields such as cell id, longitude, latitude, and TA, extract MR data with TA equals to 0 or 1, and group the data by the cell id: drop duplicates, aggregate data points with longitude and latitude difference within 0.003, and obtain cluster with the maximum number of points.
[bookmark: _Toc24102][bookmark: _Toc17493][TBD]
8.3 Longitude and Latitude Prediction Model
The algorithm to use is the big data clustering algorithm. Take each cell as a unit, find the points of TA=0 and TA=1 from AGPS-MR data, then construct the prediction model to predict the longitude and latitude of each cell:
1) Make a circle with the latitude and longitude of each MR point as the center and TA * D and (TA + 1)*D as the radius;
2) Grid the ring with 10x10 meters as size. Generally, the cell only appears at the intersection grids of the all rings;
3) With the maximum likelihood algorithm, the point with the most grid intersections is taken as the location of the predicted cell, and if there are multiple points, the average is taken.
4) Since the model uses TA for judgment and analysis, the theoretical error is about D meters in one TA. For cells with a significant distance deviation between account data and predicted location, the predicted longitude and latitude can be used directly instead of the account data. In this way, there is no need to go to the site to measure the actual location and make corrections.  However, since the 800M coverage is too far and the indoor base station has few AGPS-MR data, it is difficult to predict the 800M and the indoor base station.
[bookmark: _Toc13412][bookmark: _Toc22444][TBD]
9. Prediction of Cell Azimuth
[bookmark: _Toc3845][bookmark: _Toc28918]9.1 Overall Process
The overall process of azimuth prediction is shown in the following figure.
[image: ]
Fig.3  overall process of azimuth prediction
[bookmark: _Toc10886][bookmark: _Toc14741][TBD]
9.2 MR Data Pre-Processing
Extract the data containing AGPS from the base station MR. The main fields include the base cell id, latitude, and longitude. Use cell id as a key to group the data. Calculate MR latitude and longitude mean using the following equation:

	                            [image: ]                      （2.1）
Variance equation follows:
[image: ]                （2.2）
First, the longitude and latitude mean are calculated respectively, and then filter out points are over 10 km from the mean. Recalculate the mean value of longitude and latitude, and filter out the points which are above (Mean + 3*SD) or below (Mean - 3*SD) .
[bookmark: _Toc19341][bookmark: _Toc14065][TBD]
9.3 Azimuth Prediction Model 
Gaussian kernel density estimation is a nonparametric method for estimating probability density function. Because the cell's azimuth is the angle from the antenna tilting towards the area with relatively concentrated density, the Gaussian kernel density estimation algorithm is used to calculate the actual azimuth. After data cleaning , for each point, its coordinate is set by longitude and latitude from MR, and the density of each point is calculated by using the kernel density estimation algorithm. The coordinate of the point with the highest density is the density center coordinate.
Kernel density estimation formula is as follows:
[image: ]               （2.3）
Where N is the number of total points, h is a fixed bandwidth, which is set to be 0.002 from experiments
Gaussian kernel density formula is as follows:
[image: ]              （2.4）
The predicted azimuth is the angle between the line from the base station location to the density center point and the north direction.
The pseudo code is as follows:
/*Calculate the angle (the input order is the sector longitude and latitude and the  density center point longitude and latitude)
Define the angle calculation  function calculate_ angle
Input: two point coordinates x1: Double, y1: Double, x2: Double, y2: Double
Output: Int*/
  /*
  Calculate the two points’ azimuth. The north direction is zero degrees, and the angle increases by clockwise rotation
  */
   initialize alpha = 0

// In the first quadrant
  if x2 > x1 && y2 > y1：
    theta = math.atan((x2 - x1) / (y2 - y1)) / math.Pi * 180
    alpha = theta.toInt

 // In the second quadrant
  if x2 < x1 && y2 > y1：
    val theta = math.atan((y2 - y1) / (x1 - x2)) / math.Pi * 180
    alpha = theta.toInt + 270

 // In the third quadrant
  if x2 < x1 && y2 < y1：
    val theta = math.atan((x1 - x2) / (y1 - y2)) / math.Pi * 180
    alpha = theta.toInt + 180
 
// In the fourth quadrant
  if x2 > x1 & y2 < y1：
    val theta = math.atan((x1 - x2) / (y1 - y2)) / math.Pi * 180
    alpha = theta.toInt + 90
  
  return alpha

[bookmark: _Toc15142][bookmark: _Toc27845][TBD]
9.4  Calculation for Angle difference
When the angle difference is over 180, the angle needs to be converted (the subtraction of 350 degrees and 0 degrees is 350, and the actual angle deviation is 10 degrees). The formula is as follows:
[image: ]
The pseudo code is as follows:
/*Calculate angle difference 
Define function calculate_error
Input：x: Int, y: Int
Output: Int*/
  /*
  Calculate the difference of angles
  */
  if math.abs(x - y) >= 180
    if x >= y
      return 360 - x + y
    else
      return 360 - y + x
  else
   return math.abs(x - y)
[bookmark: _Toc29661][bookmark: _Toc8033]9.5  Classification for cells with reversal antenna
Antenna feed reversal means that the antenna feeders of different cells in the same frequency band on the same base station are switched. In this case, the direction angles of the two cells are also exactly switched.
When a cell meets the following conditions at the same time, it is considered to be an antenna fed reverse cell:
1) The deviation between the predicted position of this cell and the position of the account data is less than 200 meters;
2) The deviation between the predicted azimuth of this cell and the azimuth of the account data is greater than 60 degrees;
3) For cells of the same frequency band and located in the same base station, there exists a cell whose account azimuth deviates from its predicted azimuth by more than 60 degrees;
4) For cell of the same frequency band and located in the same base station, there exists a cell whose account azimuth is less than 60 degrees from the predicted azimuth of this cell.
[TBD]


[bookmark: _Toc42463247][bookmark: _Toc483467612][bookmark: _Toc2854][bookmark: _Toc6964][bookmark: _Toc97544315]Annex A
A.1 justification for proposed draft new Recommendation “Requirements for smart maintenance of cell antenna”

	Question:
	5/2
	Proposed new ITU-T Recommendation
	Virtual, 11-20 May 2022

	Reference and title:
	Draft Recommendation ITU-T M.rsmca,"Requirements for smart maintenance of cell antenna"

	Base text:
	
	Timing:
	2024-Q4

	Editor(s):
	Zhiheng Gao, China Telecom, E-mail: gaozhh@chinatelecom.cn
Ping Zhao, China Telecom, E-mail: zhaop11@chinatelecom.cn
Hanqiu Tan, China Telecom, E-mail: tanhq@chinatelecom.cn
	Approval process:
	AAP

	Scope (defines the intent or object of the Recommendation and the aspects covered, thereby indicating the limits of its applicability):

	This draft Recommendation describes the requirements for correction of cell site and azimuth with AI. The goal of the draft is to explain the requirements of using AI technology to process the big data from network side and calculate cell antenna site and azimuth, and then provide recommendations for correction based on the comparison with current network configuration.This Recommendation covers the following aspects:
1)the framework of  cell antenna smart maintenance; 
2)prediction of cell antenna site, including the overall process, data pre-processing and data modelling;
3)prediction of cell antenna azimuth, including the overall process, data pre-processing and data modelling.


	Summary (provides a brief overview of the purpose and contents of the Recommendation, thus permitting readers to judge its usefulness for their work):

	This draft Recommendation describes the requirements for correction of cell site and azimuth with AI. The goal of the draft is to explain the requirements of using AI technology to process the big data from network side and calculate cell site and azimuth, and then provide recommendations for correction based on the comparison with current network configuration.

	Relations to ITU-T Recommendations or to other standards (approved or under development):

	(1) Relations to  ITU-T M.3381 “requirements for energy saving management of a 5G radio access network (RAN) system with artificial intelligence (AI)”
Recommendation ITU-T M.3381 provides requirements for energy saving management of a 5G radio access network (RAN) system with artificial intelligence (AI). Recommendation ITU-T M.3381 explains the requirements of using AI technology to achieve energy saving management for communication units and virtualized hardware resources of a 5G RAN system, via an element management system (EMS) and open interfaces provided by vendors, from the operation support system (OSS) level. In addition, that Recommendation includes process recommendations for sending intelligent energy saving strategies from OSS to EMS and then to wireless equipment.
This ongoing Recommendation provides management requirements for smart maintenance of cell antenna(especially site and azimuth). 
(2)Relations to 3GPP TR 32.865: "Study on Operations, Administration and Maintenance (OAM) aspects of Self-Organizing Network (SON) for Active Antenna System (AAS) based deployments"
3GPP TR 32.865 describes the OAM aspects of SON (Self-Organizing Network) for AAS (Active Antenna Systems) based deployments in LTE, including cell merging/splitting/shaping use cases, potential requirements and possible solutions of OAM aspects of SON for AAS-based deployments in LTE.
This new Recommendation is neither limited to AAS nor LTE, and it is mainly focus on the general maintenance process.



	Liaisons with other study groups or with other standards bodies:

	ITU-T SG5(FG AI4EE), ITU-R SG5, 3GPP, TM Forum 

	Supporting members that are committing to contributing actively to the work item:

	China Telecom, China Mobile, China Unicom, Beijing University of Posts and Communications(BUPT), Ministry of Communication, Information Technologies and Medias (Burundi)
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