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	Abstract:
	During the SG12 meeting held in June 2016, a session was held for newcomers. The meeting was informed that a questionnaire was sent following the Dakar SG12 African Group meeting requesting information on KPIs from member countries. However, the requested information was not forthcoming.  It was also noted that KPI information on Recommendation ITU-T E.807 was insufficient and needs contributions. It is in this regard that this contribution is being made to provide a Guide on KPIs threshold that could be used as benchmark for developing countries.


INTRODUCTION
Quality of service (QoS) is the collective effect of service performance which determines the degree of satisfaction of a user of the service indicating the performance of a network and of the degree to which the network conforms to the stipulated norms

In telecommunications, ‘quality of service’ relates to the ability to provide different resources for different applications and to accord different priorities to each. Consequently, the level of service offered must be stated in any contract or service Legal Agreement that is offered by a service provider to a consumer.

There are certain technical indicators, which serve as benchmarks by which the ‘quality of service delivery may be judged.  Such benchmarks are, of necessity, of a technical nature, but they are crucial in assessing the profile of the service delivered.  They are also instrumental in a certain period of time.  The consumer, should be provided with all the necessary information regarding these technical indicators so that, should the need arise, they will have the means with which to compare actual performance with guaranteed performance.   

Regulatory Authorities particularly in developing countries make reference the ITU for international standards on ICT issues services. For mobile voice and data service the E 807 is a reference document that provided key performance indications that can be referenced to.  This recommendation needs revision considering that most of the relevant KPIs that the industry uses are either absent or have thresholds that do not conform to international standards. An example is the threshold for call drop rate. The industrial standard is ≤   2, whilst E 807 gives a value of ≤   3.    
It is in this regard that this contribution to be used as a base line for the development of a recommendation on KPIs for the industry
TECHNICAL SPECIFICATIONS FOR THE VARIOUS TECHNOLOGIES
The purpose of this document is to describe the 2G, 3G and LTE KPI performance monitoring
	Generation
	Access Technology
	Modulation
	Frequency bands
	Latency
	Throughput

	
	
	
	
	
	

	GSM (2G)
	TDMA/FDMA
	GMSK (2 digits per symbol)
	900-1800 MHZ
	600 ms
	9,6 kps 

	GPRS (2.5G)
	TDMA/FDMA
	GMSK (2 digits per symbol)
	900-1800 MHZ
	500ms 
	40 kps 

	EDGE (2.75G)
	TDMA/FDMA
	8-PSK (3 digits per symbol)
	900-1800 MHZ
	400 ms
	384kps/s

	UMTS (3G)
	W-CDMA
	QPSK (4 digits per symbol)
	1900 -2100MHz
	150 ms
	384 kbps à 2 Mps 

	HSPA (3.5G)
	W-CDMA
	(QPSK or 16QAM
	1900 -2100 MHz
	100 ms
	14,4 Mps en DL 
5,8 Mps en UL 

	HSPA+_DC (3.75G)
	W-CDMA
	64QAM (6 digits per symbol)
	1900 -2100 MHz
	50 ms
	42 Mps en DL 
11 Mps en UL

	LTE (4G)
	OFDM (DL)
SC-FDMA (UL)
	64QAM (6 digits per symbol)
	800-2600 MHZ
	 10 ms
	50 Mps en UL
150 Mps en DL

	LTE-Advanced (4G+)
	OFDM (DL)
SC-FDMA (UL)
	256QAM (8 digits per symbol)
	800-2600 MHZ
	
	

	G
	
	
	
	
	



KPI definitions and thresholds
The following analysis contains a list of the most common KPIs used in cellular networks. These KPIs should be monitored constantly. When the value of a KPI goes below the defined threshold, then detailed analysis should be performed in order to identify the reasons of this deterioration
KPI measurement a critical aspect of network performance, this value is obtained from one or more raw measurements taken from specific counters allow and facilitate the assessment of a position by the decision maker 
SDCCH Availability
SDCCH Availability indicates the ratio of the number of available SDCCHs to the number of configured SDCCHs in a measurement period.
In case of SDCCH dynamic adjustment, the number of configured SDCCHs refers to the number of dynamically configured SDCCHs, that is, the actual number of SDCCHs after dynamic adjustment
SDCCH Availability = Mean Number of Available Channels (SDCCH)/Mean Number of Dynamically Configured Channels (SDCCH) x 100 
SDCCH Congestion Rate
The congestion rate on SDCCH can be obtained through the traffic measurement results. It reflects the SDCCH collisions due to insufficient resources

SDCCH Channel Request
SDCCH Failed
Cause: No available 
Ressource


SDCCH Blocking Rate
SDCCH Blocking means that you are not getting SDCCH resource for the call origination. 
When MS connects with Network then RACH and AGCH are provided, but SDCCH is not performed at this time due to some problem.
SDCCH Channel Request
SDCCH Failed
Cause: other 
reason

SDCCH Drop Rate
SDCCH Drop Rate indicates the probability of call drops that occurs when MSs occupy SDCCHs. 
SDCCH Channel Request
SDCCH Success
  SDCCH Failed

SDCCH_Drop_Rate = number of call drops on SDCCH/ SDCCH_Successfull_Seizures * 100 
TCH Availability
TCH Availability indicates the ratio of the number of available TCHs to the number of configured TCHs in a measurement period.
In the case of dynamic conversion between TCH and PDCH, the number of configured TCHs refers to the number of dynamically configured TCHs, that is, the actual number of TCHs after dynamic conversion
TCH Availability = Mean Number of Available Channels (TCH)/Mean Number of Dynamically Configured Channels (TCH) x 100 
TCH Blocking Rate
TCH Blocking means that you are not getting TCH resource for the call origination. 
When MS connects with Network then RACH and AGCH are provided, by TCH is not provided at this this time due to some problem.
TCH Channel Request
TCH Failed
SDCCH Success
SDCCH Channel Request
Cause: other
 reason

TCH Drop Rate
This counter is measured when a TCH is exceptionally released due to any cause during a call
TCH Drop Rate indicates the ratio of the number of call drops to the number of successful TCH seizures after the BSC successfully assigns TCHs to MSs. 
TCH Channel Request
TCH Success
  TCH Failed

TCH_Drop_Rate = number of call drops on TCH/ TCH_Successfull_Seizures * 100 
TCH Congestion Rate
Congestion Ratio on TCH involves two KPIs: TCH Congestion Rate (All Channels Busy) and TCH Congestion Rate (Overflow). 
TCH Congestion Rate (All Channels Busy) indicates the ratio of the number of failed TCH seizures due to busy TCHs to the number of TCH seizure requests. 
TCH Congestion Rate (Overflow) indicates the ratio of the number of failed assignments after directed retry, queuing to the number of TCH seizure requests TCH Congestion Rate (All Channels Busy):
TCH Channel Request
TCH Failed
SDCCH Success
SDCCH Channel Request
Cause: No available 
Ressource

TCH Congestion Rate (All Channels Busy) = Failed TCH Seizures due to Busy TCH/TCH Seizure Requests *100 
Call Setup Success Rate
This KPI reflects the probability of successful calls initiated by the MS. 
The CSSR is a key counter in evaluating the network performance
SDCCH Channel Request
SDCCH Channel Request
Channel Activation
Channel  Activation ACK
Assign  Command
Establish  Indication
TCH Channel Request
TCH Channel Request

CSSR = (1- SDCCH Congestion)*(1-SDCCH Drop)*(1- TCH Congestion)*(1-TCH Assignment Failure) 
Call Success Rate
Call Complete Establishment Success Rate is abbreviated as CSR, which is the ratio of the number of established calls to the total number of initiated calls.
CSR (including handover) = CSSR x (1 – Call Drop Ratio) CSR (including handover) = CSSR x (1 – Call Drop Ratio)
Call Drop Rate
Call Drop Rate is assuming the number of incoming and outgoing handovers
CDR (cell_level) = (TN_DROP/N_CALLS) x 100

Where:

CDR (cell_level) - Call drop rate for that cell
TN_DROPS - Total number of dropped connections
N_CALLS - Number of calls terminated in a cell

Now to explain further N_CALLS:

I_CALLS - Number of initiated calls in a cell
Inc - Sum of all incoming handovers to a cell
Outg - Sum of all outgoing handover from a cell 
               N_CALLS= I_CALLS+ IncHO-OutgHO      
HO Success Rate
The purpose of handover is to ensure the call continuity, improve the speech quality, and reduce the cross interference in the network, thus providing better services for the subscribers.
Success ratio of handover is the ratio of the total number of successful handovers to the total number of handover requests.
This counter directly affects the user experience and is one of the most significant KPIs for the telecom operator. 
Inter-Cell HO Success Rate
Measurement Report
Measurement Result
SDCCH Channel Activate 
SDCCH Channel Activate ACK 
Handover Command
Handover FACCH new Access
HO Performed
TCH Call Continue

Inter-Cell Handover Success Rate= (Successful Incoming Inter-Cell Handovers + Successful Outgoing Inter-Cell Handovers) / (Incoming Inter-Cell Handover_Attempts+Outgoing Inter-Cell Handover_Attempts) * 100 
Mobile Incoming Call
Paging PCH
Paging Command PCH
Paging Request PCH
Channel Request RACH
Channel Required
Channel Activation
Channel Activation ACK
 Immediate Assignment Command 
Immediate Assignment
Paging Response
AGCH
SDCCH
Paging Response
Paging Response
Connection Accepted

Mobile Originating Call
1. SDCCHChannel Request
1. SDCCH Channel Request
2. Sends subscriber ID (TMSI)
3. Authentication+IMEI check+new TMSI
4. Request call Information
5. Sends INFO
6. TCH Channel Assignment
   7. Traffic Channel
      Assignment
8. Setup Connection to    B Subscriber
1. SDCCH Assignment
1. SDCCH Assignment
Paging PCH
Paging Command PCH
Paging Request PCH
Channel Request RACH
Channel Required
Channel Activation
Channel Activation ACK
 Immediate Assignment Command 
Immediate Assignment
Paging Response
AGCH
SDCCH
Paging Response
Paging Response
Connection Accepted


3G KPIs
RRC Connection Success Rate
This KPI describes the ratio of all successful RRC establishments to RRC establishment attempts for UTRAN network, and is used to evaluate UTRAN and RNC or cell admission capacity for UE and/or system load.
RRC Connection Request
RRC Connection Setup
RRC Connection Setup Complete

RRC_Setup_Success_Rate (All) = RRC_ConnectionSuccess (All) / RRC_ConnectionAttempt (All) *100 
RAB Establishment Success Rate
This KPI describes the ratio of all successful RAB establishments to RAB establishment attempts for UTRAN network and is used to evaluate service accessibility across UTRAN.
This KPI is obtained by the number of all successful RAB establishments divided by the total number of attempted RAB establishments. 
CS RAB Success Rate
RRC Connection Request
RANAP Request
RANAP Response
RRC Connection Response
Radio Bearer Setup
Radio Bearer Setup Complete


CS_RAB_Setup_Success_Rate (All) = CS_RAB_SetupSuccess (All)/ CS_RAB_ SetupAttempt (All) *100
PS RAB Success Rate

RRC Connection Request
RANAP Request
RANAP Response
RRC Connection Response
Radio Bearer Setup
Radio Bearer Setup Complete


PS_RAB_Setup_Success_Rate (All) = PS_RAB_SetupSuccess (All) / PS_RAB_ SetupAttempt (All) *100 
Call Setup Success Rate
This KPI is typically calculated by considering just 2 steps in Call Establishment: RRC Connection Setup and RAB Establishment. 
They are assumed to be independent processes, and therefore CSSR was hence calculated as product of the Success Rates of each of these 2 phases.
CS Call Setup Success Rate
RRC Connection Request
RANAP Request
RANAP Response
RRC Connection Response
Radio Bearer Setup
Radio Bearer Setup Complete


CS_Call_Setup_Success_Rate (All) = CS_RAB_SetupSuccess (All) * CS_RRC_ SetupSuccess (All)
PS Call Setup Success Rate
RRC Connection Request
RANAP Request
RANAP Response
RRC Connection Response
Radio Bearer Setup
Radio Bearer Setup Complete

PS_Call_Setup_Success_Rate (All) = PS_RAB_SetupSuccess (All) * PS_RRC_ SetupSuccess (All) 
Soft HO Success Rate
This KPI describes the ratio of number of successful radio link additions to the total number of radio link addition attempts.
This KPI is obtained by the number of successful radio link additions divided by the total number of radio link addition attempts. 
RRC  Measurement Report
Radio Link Add Setup Request
Radio Link Add Setup Request
Radio Link Add Setup Response
Radio Link Add Setup Response
Active Set Update
Active Set Update Complete

Soft_Handover_Success_Rate= [(IntraCell_SHOSuccess+ InterCell_SHOSuccess) / (IntraCell_SHOAttempt+ InterCell_SHOAttempt)]* 100 
Inter-RAT Ho Success Rate
This KPI describes the ratio of number of successful inter RAT handover to the total number of the attempted inter RAT handover from 3G to 2G for CS domain and PS domain.
This KPI is obtained by the number of successful inter RAT handover divided by the total number of the attempted inter RAT handover from 3G to 2G for CS domain (PS domain) respectively. 
CS32 inter RAT HO Success Rate
Measurement Report
Relocation Required
Handover Request
Handover Request ACK
Relocation Command
Handover Command
Handover Access
Handover Complete
lu Release Command
lu Release Complete

IRATHO_CS_SR=IRATHO_CS_Success / IRATHO_CS_Attempt *100 

PS32 inter RAT HO Success Rate
Measurement Report
Relocation Required
Handover Request
Handover Request ACK
Relocation Command
Handover Command
Handover Access
Handover Complete
lu Release Command
lu Release Complete

IRATHO_PS_SR=IRATHO_PS_Success / IRATHO_PS_Attempt *100 

4G KPIs
RRC Connection Success Rate
This KPI describes the ratio of all successful RRC establishments to RRC establishment attempts for EUTRAN network. 
RRC ConnectionSetup
RRC Connection Request
RRC Connection Setup Complete


RRC_Setup Success Rate (All)  = RRC_EstablishmentSuccess (All)  / RRC_EstablishmentAttempt (All)  * 100 
ERAB Setup Success Rate (All)
This KPI can be used to evaluate the ERAB setup success rate of all services including the VoIP service in a cell or a cluster. 
RRC Connection Reconfiguration
RRC Connection Reconfiguration
 Complete
ERAB Setup Success Request
ERAB Setup Response

ERAB Setup Success Rate (All)= ERAB_Setup_Sucess (All) / ERAB_Setup_Attempt (All)* 100 
Call Setup Success Rate
The KPI is calculated based on multiplying the KPI of RRC Setup Success Rate and the KPI of ERAB Setup Success Rate (All)
RRC Connection Setup Complete
ERAB Setup Request
RRC ConnectionSetup
RRC Connection Request
ERAB Setup Response


Call Setup Success Rate = ERAB_Setup_Sucess (All) *RRC_Setup Success (All) 
Call Drop Rate
This KPI can be used to evaluate the call drop rate of all services in a cell or a cluster, including VoIP service. This KPI measures abnormal release at the eNodeB.
ERAB Release Indication

Call Drop Rate = ERAB_Abnormal Release (All) / ERAB_Release (All) *100 
Handover Success Rate
This KPI can be used to evaluate the handover in success rate in a cell or a cluster. The HO includes both inter-eNodeB and intra-eNodeB scenarios.
Inter eNodeB HO Success Rate

Serving
Target
Measurement Report
Handover Required
Handover Request
Handover Request ACK
Handover Command
RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete
Handover Notify
UE Context Release Command
Inter eNodeB HO SR=Internal HO Success/ Internal HO Attempt *100


Inter-RAT HO Success Rate
This KPI can be used to evaluate the inter-RAT handover out success rate in a cell or a cluster.
This KPI measures the performance of the inter-RAT handover from LTE to GSM, from LTE to WCDMA.
Inter-RAT HO LTE-WCDMA
Measurement Report
Handover Required
Relocation Required
Handover Request
Handover Request ACK
Relocation Command
Handover Command
Inter-RAT Handover
IRATHO_L2W_SR=IRATHO_L2W_Success/ IRATHO_L2W_Attempt *100


Inter-RAT HO LTE-GSM
Measurement Report
Handover Required
Relocation Required
Handover Request
Handover Request ACK
Relocation Command
Handover Command
Inter-RAT Handover
IRATHO_L2Geran_SR=IRATHO_L2Geran_Success / IRATHO_L2Geran_Attempt *100




Conclusion: KPI’s Standard Threshold
The evaluation of standards and the setting of targets for optimum performance are invaluable in ‘quality of service’ terms-to the consumer, the provider Regulatory Authorities alike.  The generation of such information.
· Enables the consumer to make informed choices
· Enables the provider to ensure optimum continuity of service
· Enables the regulatory authorities to define optimum quality levels in relation to such considerations as ensuring the interconnection and inter-operability of all networks and services.
· Assist the regulator in accurately assessing the state of the marketplace
· Facilitates such considerations as billing, service response time and call set up time
· Facilitates the setting of such service parameters as will ensure the overall quality of service to the consumer.
· Ensures the operation of fair competition.
· Evaluates the various levels of service to which the service providers commit themselves.
· Maintains or improves delivery of ‘quality of service’ both in the presence and the absence of competition.
The following tabulated thresholds are being proposed:
	Generation 
	KPI 
	Standard Threshold 

	2G
	SDCCH Blocking
SDCCH Drop
TCH Blocking
TCH Drop
TCH Assignment
HO Success Rate
CSSR
CDR 
	≤0.5  
≤1.2    
≤0.5    
≤1.5    
≥98.5  
≥95
≥98
≤2   

	3G 
	RRC Drop
RAB Drop
RRC Availability 
SHO Success Rate
CSSR
CDR 
	≤1.2      
≤1.5    
≥98.5  
≥95
≥98
≤2 

	4G
	RRC Drop
ERAB Drop
RRC Availability 
HO Success Rate
CSSR
CDR 
	≤1.2      
≤1.5    
≥98.5  
≥95
≥98
≤2 


_______________________
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