6.6
Voice Drop Call Rate (VDCR)

6.6.1
Description and Title
Voice Drop Call Rate measures the connected calls (3G) / sessions (4G) that are terminated prior to the user initiated disconnect (Abnormal Release versus Normal Release).  
6.6.2
Purpose
Voice Drop Call Rate measures the retainability of voice calls while in progress and after Radio Access Bearer (RAB) (3G) / EPS Bearer (4G) established and/or after call was answered (ideally), to give an indication on quality for customers. The purpose is to compare drop rate measurements by at least one element on a daily basis accumulated monthly.  
NOTE: Only the UE and the MSC/S-CSCF/MME are aware of the ‘answered state’. 
6.6.4 and 6.6.8 identifies how the RNC (Radio Network Controller) (3G) could measure VDCR; 

6.6.7 identifies how the UE (User Equipment) could measure VDCR for 3G and 4G.  
6.6.9 illustrates how the MSC (Mobile Switching Center (MSC) could measure VDCR. 
6.6.10 and 6.6.13 illustrates how a Network Probe (3G & 4G respectively)
6.6.11 illustrates how the eNB (evolved/eUTRAN Node B) could measure VDCR for 4G VoLTE (Voice over LTE).
6.6.12 illustrates how the MME (Mobility Management Entity) could measure VDCR (For Further Study)
6.6.14 illustrates how the P-CSCF (Proxy Call Session Control Function in IMS) could measure VDCR for 4G VoLTE (for further study). 
6.6.3
Applicable Product Categories
The measurement applies to product category 9.2 as defined in the Measurement Applicability Table (Normalization Units), Appendix A, Table A-2.
6.6.4
Detailed Description
a)
Terminology 
1.  EPC – Evolved Packet Core 
2.  EPS Bearer  – 4G VOIP (Voice over IP)  bearer called Evolved Packet System (EPS=EPC + eUTRAN)  Bearer
3.   RAB – Radio Access Bearer
4.   RAN – Radio Access Network (includes 2G, 3G, and 4G)
5.  RNC – Radio Network Controller
6.  eUTRAN – 4G RAN

7.  CN – Core Network
8.  2G – GSM 
9.  3G – UMTS 
10.  4G – LTE (focus is VoLTE)
11. # Normal Release (TNR3G) 
= {# of Established Radio Bearers and/or # Answered Calls} minus # Abnormal Release
= TRAB3GRNC - TAR3GRNC
OR
= TAC3GRNC - TAR3GRNC (optional unlikely alternative)
OR

= TAC3GMSC – TAR3GMSC
12. # Established Radio Bearers  
       3G: #Established Radio Access Bearers from RNC perspective: 
(TRAB3GRNC) = (TRAB3GRNC#1) + (TRAB3GRNC#2) + (TRAB3GRNC#3)
(1) (TRAB3GRNC#1): It is the count of CS RAB ID listed in the “RAB ASSIGNMENT RESPONSE” messages sent to the MSC (Mobile Switching Center) plus 
(2) (TRAB3GRNC#2): 2G to 3G Handover in calls  = “Incoming Inter-RAT (Radio Access Technology) 2G to 3G Handover successful RAB established” = Counted per CS (voice/speech) RAB id listed in the RANAP RELOCATION COMPLETE message sent from the target RNC to the CN, indicating the success of a 2G to 3G handover (e.g. TS 25.413). The counter shall be pegged on the cell where the incoming HO occurs plus
(3) (TRAB3GRNC#3): 4G to 3G Handover in Calls = “Incoming Inter-RAT (Radio Access Technology) 4G to 3G Handover Successful RAB established” = Relocation Complete/Handover Complete message sent from the target RNC to the CN (refer to 3GPP TS23.116 Figure 6.2.2.2-1: SRVCC from E-UTRAN to UTRAN with PS HO or GERAN with DTM HO support). The counter shall be pegged on the cell where the incoming HO occurs. 

(4) Note: This does not include RABs successfully established for incoming SRNS relocations nor outgoing SRNS relocations. For this exercise SRNS relocations in and out are considered to be equal in quantity. 

4G: # 4G Established EPS Bearers (TRAB4GENB)
From eNB perspective: Successfully Created Dedicated Bearer QCI1 when initial or additional E-RAB establishment has succeeded; that is,  INITIAL CONTEXT SETUP RESPONSE has been sent from eNB to MME + ERAB SETUP RESPONSE has been sent indicating that at least one requested E-RAB has been established..
13. # Answered calls (TAC3G or TAC4G):  Calls that have received a CONNECT (3G) or CONNECT ACK (3G) or SIP 200 ok response to SIP invite (4G). 
14.  # Abnormal Release (TAR3G or TAR4G):  After having established a Radio Access Bearer (3G) or EPS Bearer (4G case), and if the call subsequently fails due to an exception (and not a UE-initiated clearing), the BSC/RNC/eNB shall count the failure as an abnormal failure. 

From RNC perspective: (TAR3GRNC) = (TAR3GRNC#1) + (TAR3GRNC#2) + (TAR3GRNC#3)

3G Example (Sum (1) + (2) + (3) below): 
(1) The RNC sends to the MSC (Mobile Switching Center)  either a IU RELEASE REQUEST message or a RAB RELEASE REQUEST message (with exception cause defined as anything other than “Relocation Triggered”,  "User Inactivity", "Normal Release", "Successful Relocation",  “O&M Intervention*”, "Network Optimization" or "Release due to UE Generated Signaling Connection Release", reference to 3GPP TS 25.413). (*Note:  Some implementations may not exclude O&M Intervention.)
Cause code included but not limited to 3GPP documentation:
http://www.etsi.org/deliver/etsi_ts/125400_125499/125413/11.06.00_60/ts_125413v110600p.pdf starting at Section 9.2.1.4.   
(2) Abnormal Release cases shall also apply to 2G or 3G calls released when the BSC/RNC initiates call clearing by sending RESET or RESET RESOURCE messages to the MSC. 

(3) If the CN (MSC/MME) abnormally releases a call that has a RAB connection already successfully established, BSC/RNC/eNB shall count it.  For example, RNC receives IU RELEASE COMMAND with “unspecified failure” (when not in response to sending an IU RELEASE REQUEST message), or BSC/RNC receives RESET or RESET RESOURCE message received from the MSC.
# 4G Abnormal Release (TAR4GENB) 
From eNB perspective: 4G Example:  
After call QCI1 Activate Dedicated Bearer Context Accept, VoLTE ERAB Bearer is dropped without an indication from the UE to drop the QCI1 dedicated bearer, such as when Context Release Request message is sent from eNB to MME, and the Cause defined as anything other than "Normal Release"，"Detach"，"User Inactivity"，"CS Fallback triggered"，"UE Not Available for PS Service"，"Inter-RAT Redirection"，"Time Critical Handover"，"Handover Cancelled", and the dropped bearer has QCI=1. FFS.
b)
Counting Rules

1)
Dropped calls can be caused for example by handover failures, poor coverage or abnormal protocol behavior, etc.
2)   
Measurement is done at the RNC (Radio Network Controller) level (3G), or eNB level (4G) to allow aggregation from Cells, Sites (Node), Clusters, Markets, or Nationally.  Additionally, this could be measured by the Network Probe per RNC or eNB. 

See reference diagram in Appendix 1. 

3)   Not all network elements see all of the network terminations so service provider needs to make sure the aggregation is consistent and thorough
4)   Mobile to Mobile (M2M) call drop should only be counted 1X for the side with the drop and not counted twice (2x) 
5)   Mobile to PSTN should only be counted once (1X). 
c)
Calculations and Formulas
Abnormal Release calls divided by sum of Normal and Abnormal Release calls = Voice Drop Call Rate
Example: 50 Abnormal Releases, 950 Normal Releases 100 x (50 / (50+950)) = 5%

Voice Drop Call Rate = 5%
Table 6.6‑1
VDCR Notation

	Identifier
	Definition

	TAC3G
	Total Answered Calls:  Total number of 3G Answered calls in the reporting period

	TAR3G 
	Total Abnormal Releases:  Total number of 3G Abnormal Releases in the reporting period

	TNR3G
	Total Normal Releases:  Total number of 3G Normal Releases in the reporting period

	TR3G
	Total Releases:  Sum of total number of 3G Abnormal Releases and total number of Normal Releases in the reporting period

	TRAB3G
	Total Radio Access Bearer 3G:  Total number of 3G Radio Access Bearers in the reporting period

	TRAB4G
	Total Radio Access Bearer 4G:  Total number of 4G EPS Bearers in the reporting period


Table 6.6‑2
VDCR Measurement Identifiers and Formulas

	Identifier
	Title
	Formula

	VDCR2G
	Voice Drop Call Rate – 2G
	Will be considered upon request

	VDCR3GUE
	Voice Drop Call Rate – 3G UE
	100x(TAR3GUE/TAC3GUE)

	TAR3GUE
	Total number of 3G Abnormal Releases after answer in the reporting period - 3G UE
	Count of upon receiving a first clearing message from the MSC, i.e. Layer 3 call control message: DISCONNECT / RELEASE / RELEASE COMPLETE with an abnormal cause code or ABORT or if those not received, upon Receiving  “RRC CONNECTION RELEASE” message from RNC with cause code other than “normal event” 

or UE timeout due to a loss of radio connectivity with the Radio Access Network during connected call.

	TAC3GUE
	Total number of 3G Answered calls in the reporting period - 3G UE
	Count of receipt/sending of Layer 3 message CONNECT / CONNECT ACK):



	VDCR3GRNC
	Voice Drop Call Rate – 3G RNC
	100x((TAR3GRNC#1) + (TAR3GRNC#2) + (TAR3GRNC#3)) / ((TRAB3GRNC#1) + (TRAB3GRNC#2) + (TRAB3GRNC#3)) 

	TAR3GRNC#1
	Total Abnormal releases after established RAB component 1 in the reporting period -3G RNC
	count of when RNC sends to the MSC (Mobile Switching Center)  a IU RELEASE REQUEST with exception cause (with exception cause defined as anything other than “Relocation Triggered”,  "User Inactivity", "Normal Release", "Successful Relocation",  “O&M Intervention*”, "Network Optimization" or "Release due to UE Generated Signaling Connection Release", reference to 3GPP TS 25.413). (*Note:  Some implementations may not exclude O&M Intervention.)

	TAR3GRNC#2
	Total Abnormal releases after established RAB component 2 in the reporting period -3G RNC
	count of when RNC initiates call clearing by sending RESET or RESET RESOURCE messages to the MSC

	TAR3GRNC#3
	Total Abnormal releases after established RAB component 3 in the reporting period -3G RNC
	count of when RNC receives IU RELEASE COMMAND with “unspecified failure” (when not in response to sending an IU RELEASE REQUEST message), or RNC receives RESET or RESET RESOURCE message received from the MSC

	TRAB3GRNC#1
	Total established Radio Access Bearers component 1 in the reporting period -3G RNC
	count of CS RAB ID listed in the “RAB ASSIGNMENT RESPONSE” messages sent to the MSC

	TRAB3GRNC#2
	Total established Radio Access Bearers component 2: “2G to 3G Handover in calls”  in the reporting period -3G RNC
	Count per CS (voice/speech) RAB id listed in the RANAP RELOCATION COMPLETE message sent from the target RNC to the CN, indicating the success of a 2G to 3G handover

	TRAB3GRNC#3
	Total established Radio Access Bearers component 3: “4G to 3G Handover in Calls” in the reporting period -3G RNC
	Count of Relocation Complete message sent from the target RNC to the CN pegged on the cell where the incoming SRVCC HO occurs

	VDCR3GMSC
	Voice Drop Call Rate – 3G MSC
	100x(TAR3GMSC/TAC3GMSC ) 

	TAR3GMSC
	Total Abnormal releases after answer in the reporting period -3G MSC
	Count of sending/receiving Layer 3 first clearing message with cause codes considered to be abnormal i.e., 24.008 DTAP Cause Values 32-49.

	TAC3GMSC
	Total Answered Calls in the reporting period -3G MSC
	Calls that have received a CONNECT (3G) or CONNECT ACK (3G)

	VDCR3GNP
	Voice Drop Call Rate – 3G Network Probe (lu-CS)
	100x(TAR3GNP/TAC3GNP) 

	TAR3GNP
	Total Abnormal Releases after answer in the reporting period – 3G Network Probe
	Count of receipt of DISCONNECT message from the MSC with abnormal 24.008 DTAP Cause Values 32-49, or if none received, if Iu_RELEASE_REQUEST message from the RNC

	TAC3GNP
	Total Answered Calls in the reporting period -3G Network Probe
	Count of sending of Layer 3 message CONNECT / CONNECT ACK

	VDCR4GUE
	Voice Drop Call Rate – 4G UE
	100x(TAR4GUE/TAC4GUE)

	TAR4GUE
	Total number of 4G Abnormal Releases after answer (180 ringing or 200 ok) in the reporting period - 4G UE
	Count of upon receiving after answer, a first abnormal clearing message (SIP BYE message with abnormal reason code 503 Service Unavailable)

or loss of connectivity with the eUTRAN during a connected call which can be defined as no RTP (Real Time Protocol) message received within a network specific time period (e.g. expiry timer up to 20 seconds) before call released by network or successfully handover out to other system

	TAC4GUE
	Total number of 4G Answered calls in the reporting period - 4G UE
	Count of receipt/sending of SIP INVITE message with response code SIP 200-OK 


	VDCR4GENB
	Voice Drop Call Rate – 4G eNodeB
	100x(TAR4GENB/ TRAB4GENB)



	TAR4GENB
	Total number of 4G Abnormal Releases after 4G EPS Bearer established in the reporting period - 4G ENB
	Count after call QCI1 Activate Dedicated Bearer Context Accept, VoLTE ERAB Bearer is dropped without an indication from the UE to drop the QCI1 dedicated bearer such as when Context Release Request message is sent from eNB to MME, and the Cause defined as anything other than "Normal Release"，"Detach"，"User Inactivity"，"CS Fallback triggered"，"UE Not Available for PS Service"，"Inter-RAT Redirection"，"Time Critical Handover"，"Handover Cancelled", and the dropped bearer has QCI=1

	TRAB4GENB
	Total number of ESTABLISHED 4G EPS Bearers in the reporting period)  -
	Count of successfully created dedicated bearer QCI1 when initial or additional E-RAB establishment has succeeded; that is,  INITIAL CONTEXT SETUP RESPONSE has been sent from eNB to MME + ERAB SETUP RESPONSE has been sent indicating that at least one requested E-RAB has been established

	VDCR4GMME
	Voice Drop Call Rate – 4G MME
	100x(TAR4GMME/ TRAB4GMME)

	TAR4GMME
	number of 4G Abnormal Releases after established 4G EPS Bearer in the reporting period - 4G MME
	Count of Dropped Dedicated Bearers QCI1

	TRAB4GMME
	Total number of established 4G EPS Bearers in the reporting period – 4G MME
	(Attempted CreateDedicatedBearer QCI 1 – Failed Create Dedicated Bearer QCI1))

	VDCR4GNP
	Voice Drop Call Rate – 4G Network Probe (S1-U)
	100x(TAR4GNP/TAC4GNP)

	TAR4GNP
	Total number of 4G Abnormal Releases in the reporting period - 4G NP
	Count after answered call, upon receiving the SIP BYE message, IMS signaling (QCI=5), with abnormal Reason-Code 503-Service Unavailable, binding the user-plane bearer with QCI = 1 in S1-U interface from a user or the remote user

	TAC4GNP
	Total number of 4G Answered calls in the reporting period - 4G NP
	Upon receiving the SIP 200-OK message, count of IMS signaling (QCI=5), binding the user-plane bearer with QCI = 1 in S1-U interface from a user or the remote user

	VDCR4GCSCF
	Voice Drop Call Rate – 4G 
P-CSCF
	100x(TAR4GCSCF/TAC4GCSCF)

	TAR4GCSCF
	Total number of 4G Abnormal Releases after answer (180 ringing or 200 ok) in the reporting period - 4G CSCF
	Count after answered call, upon receiving the SIP BYE message, IMS signaling (QCI=5), with abnormal Reason-Code 503-Service Unavailable, binding the user-plane bearer with QCI = 1 in S1-U interface from a user or the remote user

	TAC4GCSCF
	Total number of 4G Answered calls in the reporting period - 4G CSCF
	Upon receiving the SIP 200-OK message, count of IMS signaling (QCI=5), binding the user-plane bearer with QCI = 1 in S1-U interface from a user or the remote user


NOTE:  Some network elements (UE, Network Probe, MSC, P-CSCF) may have unique values for originating versus terminating dropped calls.
d)
Reported Data and Format

1)
Monthly data shall be reported per the frequency and method noted in Sections 3.5.2 and 4.2.2 of the TL 9000 Measurement Handbook
2)
The VDCR measurement shall be reported for each month and each product category with data elements, or equivalent as defined by the TL 9000 Administrator, shown in Table 6.4‑3.
Table 6.6‑3
VDCR Data Table 

	Identifier
	Value

	MeasurementID
	VDCR3G

	TAR3G 
	Total Dropped Calls:  Total number of 3G Abnormal Releases in the reporting period

	TNR3G
	Total Normal Releases:  Total number of 3G Normal Releases in the reporting period

	TR3G
	Total Releases:  Sum of total number of 3G Abnormal Releases and total number of Normal Releases in the reporting period


6.6.5
Sources of Data

a) Service Provider that has access to the wireless infrastructure
b) Data should be pulled from the RNC for consistency

6.6.6
Examples

Examples for applying the VDCR measurement are located on the TL 9000 website (http://tl9000.org/links.html).
6.6.7 Example of Voice Drop Call Rate as measured by the User Equipment e.g. Test Mobiles or Mobile Application:
UE VDCR formulas: 

1) (Mobile Origination dropped calls after answer / Answered Mobile Originating calls) 

2) (Mobile Termination dropped calls after answer / Answered Mobile Terminating calls)

The 3G UE would consider dropped calls after answer (receipt/sending of Layer 3 message CONNECT / CONNECT ACK):
· Upon receiving a first clearing message from the MSC, i.e. Layer 3 call control message: DISCONNECT / RELEASE / RELEASE COMPLETE with an abnormal cause code (per 3GPP TS 24.008).  Cause codes considered to be abnormal are 24.008 DTAP Cause Values 32-49 (as described in TS 24.008 Table 10.5.123);
· or upon receiving ABORT message from the MSC ;
· or if above Layer 3 clearing message / ABORT not received, upon Receiving  “RRC CONNECTION RELEASE” message from RNC with cause code other than “normal event” (full list of cause codes defined in 3GPP TS 25.331) ;

· or due to a loss of radio connectivity with the Radio Access Network (based on UE timer expiry) during a connected call which can be defined as RRC state change from CONNECTED MODE to IDLE MODE before call released by network. 
The 4G UE would consider a dropped call after answer (receipt/sending of SIP INVITE message with response code SIP 200-OK): 
· upon receiving a first abnormal clearing message (SIP BYE message with abnormal reason code 503 Service Unavailable) 
· or loss of connectivity with the eUTRAN during a connected call which can be defined as no RTP (Real Time Protocol) message received within a network specific time period (e.g. expiry timer up to 20 seconds) before call released by network or successfully handover out to other system
6.6.8 Example of Voice Drop Call Rate as measured by the RNC 3G:
See Section 6.6.4 and Table 6.6-2
6.6.9 Example of Voice Drop Call Rate as measured by the MSC per Radio Access Network (2G or 3G):
 MSC formulas:
1) (Mobile Origination dropped calls after answer / Answered Mobile Originating calls) 

2) (Mobile Termination dropped calls after answer / Answered Mobile Terminating calls)

The MSC would consider - dropped calls after answer (receipt / sending of Layer 3 message CONNECT / CONNECT ACK) when one of the following occur but not both for a given call: 

· Upon sending / receiving a first layer 3 clearing message (e.g. DISCONNECT/RELEASE/RELEASE COMPLETE) from the MSC with abnormal cause code (cause codes considered to be abnormal are 24.008 DTAP Cause Values 32-49) or

· If above L3 clearing message not received, and if Iu_RELEASE_REQUEST message from the RNC/BSC

6.6.10 Example of Voice Drop Call Rate as measured by the Network Probe (Sniffer) 3G:

Network probe @IU-CS formulas:
1) (Mobile Origination dropped calls after answer / Answered Mobile Originating calls) 

2) (Mobile Termination dropped calls after answer / Answered Mobile Terminating calls)

The 3G IU-CS probe would consider - dropped calls after answer (receipt / sending of Layer 3 message CONNECT / CONNECT ACK) when one of the following occur but not both for a given call: 
· Upon receiving a first layer 3 clearing message (e.g. DISCONNECT/RELEASE/RELEASE COMPLETE) from the MSC with abnormal cause code (cause codes considered to be abnormal are 24.008 DTAP Cause Values 32-49) or

· If above L3 clearing message not received, and if Iu_RELEASE_REQUEST message from the RNC. 
6.6.11 Example of Voice Drop Call Rate as measured by the eNB (4G):

See Section 6.6.4 and Table 6.6-2
6.6.12 Example of Voice Drop Call Rate as measured by the MME per eNB (4G):
 MME formulas (FFS):
(Dropped Dedicated Bearers QCI1 / # 4G Established EPS Bearers
# 4G Established EPS Bearers = (Attempted CreateDedicatedBearer QCI 1 – Failed Create Dedicated Bearer QCI1) 
6.6.13 Example of Voice Drop Call Rate as measured by the Network Probe (Sniffer) 4G
Network Probe @S1-U or Network Probe @Mw and @Rx formulas:

1)
(Mobile Origination dropped calls after answer / Answered Mobile Originating calls) 

2)
(Mobile Termination dropped calls after answer / Answered Mobile Terminating calls)

The 4G S1-U network probe would consider a dropped call after answer:

· Upon receiving the SIP BYE message, IMS signaling (QCI=5), with abnormal Reason-Code 503-Service Unavailable, binding the user-plane bearer with QCI = 1 in S1-U interface from a user or the remote user
The 4G S1-U network probe would consider an answered call:

· Upon receiving the SIP 200-OK message, IMS signaling (QCI=5), binding the user-plane bearer with QCI = 1 in S1-U interface from a user or the remote user
6.6.14 Example of Voice Drop Call Rate as measured by the P-CSCF (4G):  For further study.

P-CSCF formulas:

1) (Mobile Origination dropped calls after answer / Answered Mobile Originating calls) 

2) (Mobile Termination dropped calls after answer / Answered Mobile Terminating calls)

The 4G P-CSCF would consider a dropped call after answer:
· Upon receiving the SIP BYE message, IMS signaling (QCI=5), with abnormal Reason-Code 503-Service Unavailable, binding the user-plane bearer with QCI = 1 in S1-U interface from a user or the remote user

The 4G P-CSCF would consider an answered call:

· Upon receiving the SIP 200-OK message, IMS signaling (QCI=5), binding the user-plane bearer with QCI = 1 in S1-U interface from a user or the remote user

Appendix 1

Wireless Infrastructure Reference Diagram – 2G & 3G
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Wireless Infrastructure Reference Diagram – VoLTE 4G Architecture
Appendix 2
3G Call Flows
The call scenarios (where a mobile means a UMTS 3G mobile) include:

· Mobile originated mobile to PSTN (landline)

· Mobile terminated PSTN to mobile 

· Mobile to mobile call

· Mobile originated mobile to 2G (GSM) call

· Mobile terminated 2G (GSM) to mobile call

1.1 Reference documents: 

[3] 3GPP TS25.331 v3.13.0 

[4] 3GPP TS23.018 v3.13.0 

[6] 3GPP TR24.008 v3.7.0

[10] 3GPP (GSM) TS 03.05 (ETSI TR101.631) v8.0.0

[11] ITU-T Q.543

2.1 MO Mobile to PSTN call
2.1.1 Scenario description and message sequences

[image: image1.emf]UE SRNC MSC

1. CCCH:RACH:RRC Connection SetupRequest

Node B

CSV 

Request

2. NBAP: RL Setup Request

3. NBAP: RL Setup Response

4. NBAP: DL Power Control

5. ALCAP Iub: ERQ

6. ALCAP Iub: ECF

8. CCCH:FACH:RRC ConnectionSetup

7. DCH-FP synchronisation

10. DCCH:DCH:RRC Connection Setup Complete

9. NBAP: RL Restore IND

11. DCCH:DCH:Initial Direct Transfer (Service request)

12. RANAP:SCCP: (CR+

Initial UE Message)

14. RANAP:Direct Transfer 

(Authentication Request)

15. RRC: DL Direct Transfer (Authentication Request)

16. RRC: UL Direct Transfer (Authentication Resp. )

17. RANAP:Direct Transfer

(Authentication Resp.)

18. RANAP:Security 

Mode Command

19. RRC: Security Mode Command

20. RRC: Security Mode Complete

21. RANAP:Security 

Mode Complete (7530) 

13. SCCP: CC

RRC 

Connection

Setup

CM Service Request 

Authentication & Ciphering 

Security Mode Setup 

22. RANAP:Common ID
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28. NBAP: RL Reconfiguration

Prepare (synchronised)

29. NBAP: RL Reconfiguration 

Response

24. RANAP:DT (Setup)

30. ALCAP Iucs: ERQ

42. RANAP:DT

(Alerting)

23. RRC: UL Direct Transfer (Setup: Called directory number)

25. RANAP:DT 

(Call proceeding)

27. RANAP: RAB 

Assignment Request

26. RRC: DL DT (Call proceeding)

31. ALCAP Iucs: ECF

32. ALCAP Iub: ERQ

33. ALCAP Iub: ECF

35. NBAP: RL Reconfiguration 

Commit

36. RRC: Radio Bearer Setup

37. RRC: Radio Bearer Setup Complete

38. NBAP: DL Power Control 39. RAB Assignment 

Response 

40. RRC: Measurement Control

41. ISUP: IAM

ISUP: ACM

43. RRC: DL DT (Alerting)

Call Setup 

RAB Setup 

PSTN Setup 

Call Alerting 

CSV 

Alerting

34. DCH-FP synchronisation


Notes:

(1) This message flow sequence shows the basic procedures necessary for the CS voice call setup. Many optional procedures or messages are not shown. Examples are: IMSI identification, IMEI identification, TMSI reallocation. In fact, the authentication procedure is also optional. This will be an operator choice. 

(2) There is an elementary procedure of “Iuup Initialisation” (RNC sends PROCOD then MSC responses with ACK) between Iucs ALCAP and Iub ALCAP. This procedure, not shown in the signalling flows, is mandatory for RABs using Iuup support mode for predefined SDU size (therefore for CSV calls).  

(3) In the CN side, the interfaces between MSC and PSTN and HLR are not shown.

(4) Before the call, it is assumed that the UE is attached (IMSI or GPRS or both) but in the idle state. Therefore the sequence represents the whole procedure. Otherwise it may be shorter (e.g., RRC connection already exists).

2.2 MT PSTN to Mobile call
2.2.1 Scenario description and message sequences

In this MTC sequence, it is assumed that two MSCs are involved. One is the gateway MSC, the other one is the VMSC that the UE is attached. In case the VMSC is GMSC, the signaling sequence will be slightly different (no signaling transfer between GMSC and VMSC). Also note that many signaling sequence variances exist in the CN side due to different pre-conditions.
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UTRAN

 

HLR

 

VMSC/VLR

 

PSTN

 

MSC sends audible Alerting indicator 

(Ring Tone) to caller

 

RRC connection establishment

 

Direct Transfer [SETUP]

 

UE

-

MSC Path (RAB Assignment Procedure)

 

Direct Transfer [CALL CONFIRMED]

 

Digit Analysis. Determine MSISDN  etc. from 

MSRN (VLR),  Select WAG

 

ISUP: IAM (contains MSISDN)

 

ISUP: ACM

 

Direct Transfer [ALERTING]

 

Audible Ring Tone

 

ISUP: Answer

 

Direct Transfer [CONNECT]

 

Direct Transfer [CONNECT ACK]

 

Disconnect Ring Tone. 

Join speech paths.

 

Gatew

ay

 

MSC/VLR

 

MAP: Send Routing Info (MSISDN)

 

Digit Analysis. Establish that Called Directory Number 

belongs to network. Identify appropriate HLR

 

Get MSRN for the MSISDN

 

MAP: Return M

SRN

 

ISUP: IAM (contains MSRN)

 

 Paging Response

 

Speech

 

MAP: Provide Roaming Nr

 

MAP: Return MSRN

 

ISUP: CPG

 

ISUP: ACM

 

ISUP: CPG

 

Paging 

 

Paging Type 1

 

 Paging procedure

 

Authentication Procedure

 

 

Security Mode Setup

 


2.3 3G Mobile to 3G Mobile Call
2.3.1 Scenario description and message sequences

Note: This sequence assumes pre-paging is not used in MSC.
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CM Service Request

RRC Connection Setup

Authentication

Security Mode Setup

Direct Transfer (Setup)

Direct Transfer (Call Proceeding)

RAB Setup

MAP: SRI

MAP: PRN

MAP: PRN ACK

MAP: SRI ACK
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2.4 3G Mobile  to 2G Mobile Call
2.4.1 Scenario description and message sequences
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2.5 2G Mobile to 3G Mobile Call
2.5.1 Scenario description and message sequences

Description: Call sequences have not been checked and the information presented here are for reference only.
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Appendix 3 – Data Collection Points

	Technology
	Pros
	Cons

	3G

	1.      UE
	1. Know when call has been answered
2. Most accurate on outbound
	1. Aggregation could be difficult
2. Phone application may be needed to capture/transport data

	2.      RNC
	1. Good aggregation point from scalability perspective
2. More granularity
	1. Drops before answer misleading

	3.      MSC
	1. It knows when the UE answers and the UE releases the call.
2. Better aggregation point than RNC

	1. Different MSC vendors may have different counters so could cause new development

	4.   Network Probe (Iu-CS)
	1. Can work across multiple vendors
	1. Cost could be excessive
2. Scalability
3. Drops before answer are misleading.

	4G

	1.      UE
	1. Know when call has been answered
2. Most accurate on outbound
	1. Aggregation could be difficult
2. Phone application may be needed to capture/transport data

	2.      eNodeB
	1. Good aggregation point from scalability perspective
2. More granularity
	1. Drops before answer misleading

	3.      MME
	1. Better aggregation point than eNodeB
	1. Different MME vendors may have different counters so could cause new development

	4.   Network Probe (S1-U)
	1. Can work across multiple vendors
	1. Cost could be excessive
2. Scalability

	5.   P-CSCF
	1. Able to pick up call releases caused by media path, UE of both sides and SRVCC handover failures
2. Event detection based on standard messages / causes, can work across multi-vendors
3. It knows when the UE answers and the UE releases the call.
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