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Abstract

In this contribution Circuit Switched Call setup delay results on Rel99 UMTS network are presented.  The collected results illustrate the delay associated with call setup times from a Rel99 UE made to PSTN and to another Rel99 UE. 

Introduction

‘3’ soft launched is commercial UMTS network around January 2003, and formally on 3rd March 2003, and since then a number of UMTS networks have been successfully rolled out in number of countries. After long last UMTS has now a commercial reality. 

UMTS like its predecessor, i.e. GSM, being a young network, suffers from a number of issues which should be addressed.   One of these issues is the long call setup time that the user experiences when making a voice call. The call delay compared to GSM network is noticeably longer and the user in extreme cases feels that call has not gone through and abandons the call.  In our view this adversely impacts the user experience, which in turn affects the overall success of 3G/UMTS. The call setup delay issues should be resolved as part of UMTS optimisation program in order to enhance the user experience. 

In order to illustrate the delays associated with various network elements, ‘3’ carried out an extensive and detailed series of measurements on circuit switched call flow to and from RNC. The aim of these measurements was to determine the delays associated with processing various RRC commands at various network elements. 

Test Scenarios 

In order to be able to obtain a more general view of the call setup delay problem, and also to ensure that it is not related to a specific frequency band or implementation two different UTRANs, from 3 ‘s operation worldwide, together with three different UEs were used. 

In order to test scenarios that users mostly encounter, call setup delay tests were carried out with call originated from a mobile to PSTN and also calls originated from a mobile to another mobile. These tests were referred to MO to PSTN and MO to MT, respectively. See Figure 1and Figure 2, respectively.
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Figure 1 Mobile originated to PSTN test
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Figure 2 Mobile originated to mobile terminated test

The various test combination are illustrated in Table 1.

Table 1 Call setup delay test scenarios

	Test scenarios
	UTRAN
	UE
	Test case
	Number of CS calls

	1
	1
	1
	MO to  PSTN
	50

	2
	1
	1
	MO to MT
	50

	3
	1
	2
	MO to  PSTN
	50

	4
	1
	2
	MO to MT
	50

	5
	1
	3
	MO to  PSTN
	50

	6
	1
	3
	MO to MT
	50

	7
	2
	1
	MO to  PSTN
	50

	8
	2
	1
	MO to MT
	50

	9
	2
	2
	MO to  PSTN
	50

	10
	2
	2
	MO to MT
	50

	11
	2
	3
	MO to  PSTN
	50

	12
	2
	3
	MO to MT
	50


Measurement Method 

The test setup is shown in the Figure 3. The UE is connected with a cable to the Node-B through a variable attenuator.

The RF environment was setup to have the following characteristics: 

CPICH RSCP ≥ -90dBm 

CPICH Ec/Io ≥ - 6dB 
UL interference ( -105 dBm

The UL and DL signal is mixed with noise, and the noise level are adjusted to give the noise figures stated above, such to mimic a realistic radio environment

Node-B is connected to the RNC and to the core network, as shown. The call monitoring logging tool is inserted in the Iu and Iub interface as illustrated in Figure 3. The UEs were kept in a shielded room to block any unwanted radio interference affecting the test. The RNC under test was unloaded. 

For the MO to MT call tests, additional network elements were connected to the original test setup as illustrated in Figure 3.
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Figure 3 CS Call setup delay test arrangement

For all tests (MO to PSTN and MO to MT) all handsets were in IDLE mode before beginning each series of tests. 

For each test scenarios, listed in Table 1, 50 calls were made and call logs were recorded. For each test, logs were collected for each RRC call flow command shown in Annex 1 and Annex 2. 

Results

The call setup delay results measured on 2 UTRANs and using 3 UE are shown in Figure 4.

The corresponding standard deviation figures are shown in Figure 5.

Figure 4 also illustrates the averaged figures for MO to PSTN and MO to MT results.
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Figure 4 CS Call setup delay results collected from 2 UTRANs
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Figure 5 Standard deviation of call setup delay results from 2 UTRANs

Discussion of Results

The results highlighted in Figure 4, illustrate that:

1. For MO to PSTN tests the lowest and highest delay were 2.80s and 5.24s respectively; the overall averaged delay is 3.96s 

2. For MO to MT tests the lowest and highest delay were 6.73s and 10.82s respectively; the overall averaged delay is 9.08s

3. In general, call setup results obtained on UTRAN1 is slower than results obtained on UTRAN 2. 

4. The call setup delay is  inconsistent with different handsets across both UTRANs, indicating that UTRANs respond differently to different UEs

The results highlighted in Figure 5, illustrate that:

5. The spread of data is inconsistent with UTRANs and UEs as indicated by the  standard deviation of the test results 

6. The standard deviation of UTRAN1 is higher than UTRAN2 in both cases (i.e. MO to PSTN and MO to MT), indicating a wider spread of data

7. From Figure 5 it is evident that standard deviation of MO to PSTN call setup delay results are lower than MO to MT calls

Proposals

The present signalling and bearer setup arrangements for a conventional call requires optimisation and re-assessment of the current 3GPP Standards. 

In light of the call setup delay results obtained we would like to propose the following optimisations and amendments to the 3GPP standards:

1- Reduce the content of signalling information that flow from UE to UTRAN and vice versa; this way the processing time on UE as well as the RNC is reduced

2- Reduce the signalling traffic between UE and RNC, in order to economise the radio spectrum usage

3- Optimise message sequence for the signalling protocols

4- Pre-configured or pre-defined configurations: have a set of predefined configurations on UE and on the RNC, for a number of commonly used scenarios, such that UE and RNC need not configure the radio bearer every time

5- Standardise the maximum latency associated with processing signalling instructions within network elements such as RNC, Node-B and UE.

6- Investigation of all components that contribute to call setup delay within network elements. 

7- As a way forward a joint meeting to be set up between relevant groups within 3GPP to investigate possible solution of call set up delay. 

Conclusion

In this contribution, results of extensive study on CS call setup delay on UMTS UTRANs are presented.

The call setup delay results for MO to PSTN for MO to MT configurations obtained with various handsets indicate on average 3.96s and 9.08s respectively. These delays are relatively much longer than a CS call setup on a GSM network, and are therefore unacceptable.

In our view, the CS call setup delays recorded on UMTS networks requires optimisation and re-assessment of the current 3GPP Standards.
Annex1 CS Call Flow Diagram
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Annex 2 CS Signalling instructions as observed by the network monitoring tool

UE side

	From
	To

	RRCCONNECTIONSETUP
	RRCCONNECTIONSETUPCOMPLETE

	RRCCONNECTIONSETUPCOMPLETE
	INITIALDIRECTTRANSFER

	AUTHENTICATIONREQ(MM)(SSN:0) iub
	AUTHENTICATIONRSP(MM)(SSN:1) iub

	SECURITYMODECOMMAND iub
	SECURITYMODECOMPLETE iub

	SECURITYMODECOMPLETE iub
	SETUP(CC)(SSN:1/2) iub

	RADIOBEARERSETUP
	RADIOBEARERSETUPCOMPLETE


Node B side

	From
	To

	RADIOLINKSETUPREQUEST[FDD]
	RADIOLINKSETUPRESPONSE[FDD]

	ERQ-ESTABLISHREQUEST
	ECF-ESTABLISHCONFIRM

	RADIOLINKRECONFIGURATIONPREPARE[FDD]
	RADIOLINKRECONFIGURATIONREADY[FDD]

	ERQ-ESTABLISHREQUEST
	ECF-ESTABLISHCONFIRM


RNC side

	From
	To

	RRCCONNECTIONREQUEST
	RADIOLINKSETUPREQUEST[FDD]

	RADIOLINKSETUPRESPONSE[FDD]
	ERQ-ESTABLISHREQUEST

	ECF-ESTABLISHCONFIRM
	RRCCONNECTIONSETUP

	INITIALDIRECTTRANSFER
	INITIALUE-MESSAGE

	AUTHENTICATIONREQ(MM)(SSN:0) iu
	AUTHENTICATIONREQ(MM)(SSN:0) iub

	AUTHENTICATIONRSP(MM)(SSN:1) iub
	AUTHENTICATIONRSP(MM)(SSN:1) iu

	SECURITYMODECOMMAND iu
	SECURITYMODECOMMAND iub

	SECURITYMODECOMPLETE iub
	SECURITYMODECOMPLETE iu

	SETUP(CC)(SSN:1/2) iub
	SETUP(CC)(SSN:1/2) iu

	CALLPROCEEDING(CC)(SSN:0) iu
	CALLPROCEEDING(CC)(SSN:0) iub

	FACILITY(CC)(SSN:0) iu
	FACILITY(CC)(SSN:0) iub

	RAB-ASSIGNMENTREQUEST
	RADIOLINKRECONFIGURATIONPREPARE[FDD]

	RADIOLINKRECONFIGURATIONREADY[FDD]
	ERQ-ESTABLISHREQUEST

	ECF-ESTABLISHCONFIRM
	RADIOLINKRECONFIGURATIONCOMMIT

	RADIOLINKRECONFIGURATIONCOMMIT
	RADIOBEARERSETUP

	RADIOBEARERSETUPCOMPLETE
	RAB-ASSIGNMENTRESPONSE

	ALERTING(CC)(SSN:0) iu
	ALERTING(CC)(SSN:0) iub


CN side

	From
	To

	INITIALUE-MESSAGE
	LOCATIONREPORTINGCONTROL

	LOCATIONREPORTINGCONTROL
	COMMONID

	LOCATIONREPORTINGCONTROL
	AUTHENTICATIONREQ(MM)(SSN:0) iu

	AUTHENTICATIONRSP(MM)(SSN:1) iu
	COMMONID

	COMMONID
	SECURITYMODECOMMAND iu

	SETUP(CC)(SSN:1/2) iu
	CALLPROCEEDING(CC)(SSN:0) iu

	CALLPROCEEDING(CC)(SSN:0) iu
	FACILITY(CC)(SSN:0) iu

	FACILITY(CC)(SSN:0) iu
	RAB-ASSIGNMENTREQUEST

	RAB-ASSIGNMENTRESPONSE
	ALERTING(CC)(SSN:0) iu


























PAGE  
5

