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1
Introduction

In current UMTS networks the CS and PS RAB establishments including the RRC connection establishment is usually performed by moving the UE from Idle mode to CELL_DCH state after reception of the RRC connection setup message. This means that RNC must setup RL link(s) in the BTS and UE must synchronize to those before it can continue the RRC and NAS signalling to establish the actual data connection.

In addition, when the actual data connection is set up, the UTRAN must reconfigure the existing RL(s) in both Node B and UE to support new configuration. Typically, this is done by synchronised RL reconfiguration procedure, where the activation time defines the time moment when both Node B and UE will utilise the new configuration. 
The another Rel99 possibility to setup CS or PS RAB is to use CELL_FACH state for RRC and NAS signalling and move the UE to the CELL_DCH state only after when the actual RAB is established. The straightforward benefit of this is that the RL setup can be done unsynchronised manner with activation time value “now”.  
In following sections we present our view of current setup delays, when using CELL_DCH state immediately after RRC connection setup and when using CELL_FACH state until RB setup message. 
Results present our understanding of expected setup delays based on Rel99/4 standards, with reasonable network and UE implementations. Presented results are based on our findings in current UTRAN networks and analyses on protocols. Thus, these results do not directly present setup delays observed UTRAN implementations used in field, nor these results present the minimum delays that well performing networks could achieve. 
In addition, issues on CELL_FACH state mobility and security functions are discussed.

2
Setup delays using CELL_DCH
In this section, the setup delays for MOC CS AMR voice call to PSTN are analysed when UE is moved from Idle mode to CELL_DCH state immediately in RRC connection setup procedure. We divided the analyses in to two tables, Table 1 presents the RRC connection establishment delay from Idle to CELL_DCH and the Table 2 presenting delays of actual AMR voice call setup when 3.4kbps DCH is used for SRBs.. 

Table 1: RRC connection establishment  to CELL_DCH state
	Message/procedure
	Sender/receiver
	Delay
	Cumulative Delay
	Comments
	Reference time point in Figure 6.1.1-1 [1]

	SIB7 reading time
	NA
	70 ms
	70 ms
	Highly depending on UTRAN SIB7 scheduling 
	t0

	RRC connection request
	UE/RNC 
	40 ms
	110 ms
	
	

	RRC connection setup
	RNC/UE
	200 ms
	310 ms
	Includes network RL setup delays, no pre/default configuration
	t1

	RRC connection completed
	UE/RNC
	300 ms
	610 ms
	Includes synchronisation delay, reduced in Rel6
	t2

	RRC Connection setup in Total
	
	
	610 ms
	
	T0-t2


From the Table1 it can be seen that the total setup time of the RRC connection is roughly 600 ms, and SIB 7reading time is about 11 % of that. Even thought the SIB 7 reading time is highly depending on the UTRAN SIB 7 scheduling frequency, frequent reading of it introduce considerable big part of overall delay. This delay will have lager portion of total delay in Rel5 networks, as these results are based on Rel99 specifications, and thus no predefined/default configurations are used in RRC Connection Setup message. The reason for frequent SIB7 reading is the UE requirement to obtain the current uplink interference level, so that the uplink RACH transmission power can be set to correct level for RACH transmission of RRC Connection Request message..
The Table 2 presents the CS voice call setup delay from the moment that UE has already established the RRC connection, but security and Iu connection does not exist. As mentioned above the UTRAN has configured a 3.4 kbps DCH with 40 ms TTI for the SRBs in RRC Connection Setup. 

The UTRAN utilises the synchronous reconfiguration procedure in RB setup to modify existing RL, which is the most delay consuming individual UTRAN procedure, based on our analyses. The reason for this delay consumption is that the UE needs to receive the reconfiguration message before expiration of the activation time, and possible RLC retransmissions introduce variations to the signalling delays of RB reconfiguration message. Typically, this is solved in UTRAN by selecting quite long values for the activation time. 
Known methods to reduce needed activation time value are optimisation in used of RLC polling mechanism in UTRAN, use higher bit rate for SRBs (13.6 kbps, 27.2 kbps, or utilisation of HS-DSCH for SRBs) or reduce block error targets of the DCH, to reduce RLC retransmissions. The optimisation RLC polling might not be that straightforward and utilisation of higher bit rate, or lower BLER does not come free without effects to the network capacity.

Table 2: CS Voice call setup, UE in CELL_DCH state (3.4kbps for SRBs)
	Message/procedure
	Sender/receiver
	Delay
	Cumulative Delay
	Comments
	Reference time point in Figure 6.2.1-1 [1]

	CM service request 
	UE/CS CN
	200 ms
	200 ms
	Includes authentication delays
	t2

	Security mode command
	RNC/UE
	100 ms
	300 ms
	
	t3

	Security mode Command Completed
	UE/RNC
	200 ms
	500 ms
	
	t3

	Setup
	UE/CS CN
	150 ms
	650 ms
	
	t4

	Call proceeding
	CS CN/UE 
	100 ms
	750 ms
	
	t7

	Radio bearer setup 
	RNC/UE
	200 ms
	950 ms
	UTRAN resource reservation and, RL reconfiguration delays
	t8

	Radio bearer setup completed
	UE/RNC
	400 ms
	1350 ms
	Synchronous reconfiguration
	t9

	Alerting
	CS CN/UE
	250 ms
	1600 ms
	
	t10

	CS voice Call setup delay 
	
	
	1600 ms
	
	T1-t2

	Total from Idle
	
	
	2210 ms
	
	T1-T0


Call setup time analyses when CELL_DCH state is used, can be summarised with following notes:

· SIB 7 reading time is quite significant 
· Utilisation of default configuration will significantly reduce transmission delay of the RRC connection setup message
· SRB bit rate does not effect to the delay of RRC connection setup part, but shorter TTI than 40ms will definitely have effects to the actual service set up phase (presented in Table 2)
· Synchronised RB reconfiguration is the most delay introducing single UTRAN procedure
3
Setup delays using CELL_FACH
The Table 3 presents the delay analyses of the RRC connection establishment to the CELL_FACH state. The setup delays are around 270 ms compared to rough 600 ms when establishment is done to CELL_DCH state. This time reduction is due to following reasons: No RL link setup are done towards Node B(s), RRC connection setup message is shorter as no RL configuration needs to be transmitted and UE is able to respond to the setup message immediately without performing RL synchronisation procedure.
Table 3: RRC connection establishment to CELL_FACH  state

	Message/procedure
	Sender/receiver
	Delay
	Cumulative Delay
	Comments
	Reference time point in Figure 6.1.1-2 [1]

	SIB7 reading time
	NA
	70 ms
	70 ms
	Highly depending on UTRAN SIB7 scheduling 
	t0

	RRC connection request
	UE/RNC 
	40 ms
	110 ms
	
	

	RRC connection setup
	RNC/UE
	60 ms
	170 ms
	no pre/default configuration 
	t1

	RRC connection completed
	UE/RNC
	100 ms
	270 ms
	
	t2

	RRC Connection setup in Total
	
	
	270 ms
	
	T0-t2


The Table 4 presents the delays associated to CS voice call setup when the UE is in CELL_FACH state after RRC connection setup. The downlink utilises 10 ms TTI on FACH and 20 ms on RACH. In addition the UTRAN can perform unsynchronised RB setup procedure to establish RBs CS voice RAB.
Table 4: CS Voice call setup, UE in CELL_FACH state 

	Message/procedure
	Sender/receiver
	Delay
	Cumulative Delay
	Comments
	Reference time point in Figure 6.2.1-1 [1]

	CM service request 
	UE/CS CN
	200 ms
	200 ms
	Includes authentication delays
	t2

	Security mode command
	RNC/UE
	100 ms
	300 ms
	
	t3

	Security mode Command Completed
	UE/RNC
	200 ms
	500 ms
	
	t3

	Setup
	UE/CS CN
	150 ms
	650 ms
	
	t4

	Call proceeding
	CS CN/UE 
	100 ms
	750 ms
	
	t7

	Radio bearer setup 
	RNC/UE
	200 ms
	950 ms
	UTRAN resource reservation and, RL reconfiguration delays
	t8

	Radio bearer setup completed
	UE/RNC
	300 ms
	1250 ms
	asynchronous reconfiguration
	t9

	Alerting
	CS CN/UE
	250 ms
	1500 ms
	
	t10

	CS voice Call setup delay 
	
	
	1500 ms
	
	T1-t2

	Total from Idle
	
	
	1770 ms
	
	T1-T0


Call setup time analyses when CELL_FACH state is used, can be summarised with following notes:

· SIB 7 reading time is again quite significant as in previous case
· Utilisation of default configuration will significantly reduce transmission delay of the RRC connection setup message
· SRBs mapped on FACH can utilise 10 ms TTI which reduces the setup times compared to case when the SRBs are using 3.4 kbps DCH (~ 400ms / 18%)
· Possibility to utilise unsynchronised RB reconfiguration gives gains compared to CELL_DCH case
· Node B resources consumption can be reduced, by increasing the common channel load, allowing load balancing between dedicated and common channels
4.
CELL_FACH Mobility Considerations
The usage of CELL_DCH state in voice call setups benefits from the SHO and HHO, which can be preformed between any of the setup procedures analysed in previous section. Naturally active set update during call setup will introduce some extra delay, as measurement reports and active set update message needs to be transmitted, but RLC PDUs are not lost due to UE mobility. 
As the CELL_FACH state mobility is based on UE performing Cell Reselection, any reselection during the downlink transmission will introduce PDU loss until the UTRAN receives the Cell update message from the UE. In normal situation, the AM RLC will retransmit those PDUs after Cell update confirm procedure, and last PDUs of the message are received by the UE enabling the procedure to continue. However, the Security Mode command need special handling even though it takes roughly 17% of total setup times as shown in previous section. This due to fact that without special handling from UTRAN, in some scenarios the security is not started at all or the security is only started in UTRAN or in UE causing ciphering failure and call drop. In following sub-sections we present these scenarios and UTRAN solution to these. 
4.1
Cell Update started before SMC received by UE. 
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Figure 1: Scenario 1
Details of the Scenario:

· Security Mode Command is delivered to UE after Cell update confirm

· UE will not abort SMC, as it was not received during CU.
· UTRAN will abort SMC, as CU happened during SMC as far as NW is concerned.
Hence de-synchronisation between UE and UTRAN.

Solution: 
· To avoid this UTRAN should re-establish bearers including SRB2 by re-establishment indicators in Cell update confirm and re-initiate the SMC after UTRAN Mobility Information Confirm. 
4.2.
Cell Update started after SMC received by UE, but L2 ACK for SMC not received by UTRAN
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Figure 2: Scenario 2

Details of the Scenario:

· Security Mode Command is delivered to UE

· Cell Update is started before RLC ACK is delivered to NW. 

· UE will abort SMC as Cell update occurred after reception.

· NW will abort SMC as CU happened during SMC

Solution: 

· UTRAN will also re-establish bearers in cell update confirm message and re-initiate the SMC after UTRAN Mobility Information Confirm as in solution to scenario 1
4.3. Cell Update started after SMC received by UE and L2 ACK for SMC received by UTRAN
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Figure 3: Scenario 3

Details of the Scenario:

· Security Mode Command is delivered to UE

· RLC ACK is delivered to UTRAN.

· Cell update  is started 

· UE will abort Security Mode Command as Cell update occurred after reception. SMC but before sending the Security mode command Completed
· UTRAN will abort SMC as CU happened during SMC

Solution: 

UTRAN does not need to re-establish bearers this time as in solution to scenario 1. If UTRAN does not re-establish, then it will have to ignore any potential SMCC from the UE delivered after Cell update confirm.

4.4. CU after SMCC, before L2 ack for SMCC delivered to UE.
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 Figure 4: Scenario 4
Details of the Scenario:

· Security Mode Command is delivered to UE

· RLC ACK is delivered to UTRAN.

· Security Mode Command Completed is sent by UE, and received by UTRAN, UTRAN starts to use new Configuration.

· Cell update is started, before L2 ACK for Security mode command completed is delivered to UE.

· UE will abort SMC as Cell update occurred before L2 ACK for SMCC.

In case of initial call setup, NW can know about UE’s abortion due to lack of integrity protection  in Cell Update message.

For MultiRAB call setup, NW can know about UE’s abortion as CU integrity protection will fail on UTRAN side. 

Solution: 

UTRAN could use this failure information to abort the SMC. The NW then uses old keys to attempt to accept CU (or T302 retry from UE), and send CUC

Note: The “Integrity check info” IE is optional in the Cell Update message, but there’s nothing in the specification stating the UE shall omit it (although it seems logical to do so).

5
Conclusions

In this document the AMR CS voice call setup delays to PSTN network are presented by using CELL_DCH state immediately in RRC connection setup message and by using CELL_FACH state until Radio Bearer  Setup procedure is performed to setup RBs for VAMR CS voice call.
The analyses has shown that usage of CELL_FACH state can introduce both delay gains compared the usage of 3.4 kbps DCH for SRB and savings/optimisation/load balancing  possibilities in UTRAN resource consumption as dedicated RL(s) are only used when actual voice connection is started. 

Due to cell reselection based mobility in CELL_FACH state, the UTRAN actions after starting the security mode command procedure and occurred cell update needs to be considered carefully in UTRAN implementations. In Section 4 presented these scenarios and possible UTRAN workaround solutions to these scenarios. Thus, it is proposed to capture the delay analyses from section 2 and 3 to the TR25.815, and further discuss if capturing the CELL_FACH state mobility analyses in the TR is needed. 
References

[1] TR25.815 Signalling enhancements for Circuit-Switched (CS) and Packet-Switched (PS) Connections v0.2.1
_1185977336.vsd
UE-RRC


UE-RLC


UTRAN-RLC


UTRAN-RRC


Security Mode Command


Security Mode Command Confirm


Cell Update


Cell Update Confirm (New C_RNTI)


UTRAN Mobility Information Confirm


SMC Complete (Incorrect C_RNTI)



_1185977747.vsd
UE-RRC


UE-RLC


UTRAN-RLC


UTRAN-RRC


Security Mode Command


SMC


L2-ACK (SMC)


Security Mode Command Complete


SMC Complete (Incorrect C_RNTI)


Cell Update


Cell Update Confirm


UTRAN Mobility Information Confirm



_1184587530.vsd
�

�

UE-RRC�

UE-RLC�

UTRAN-RLC�

UTRAN-RRC�

Cell Update�

Security Mode Command�

(Incorrect C_RNTI)�

Cell Update Confirm (New C_RNTI)�

UTRAN Mobility Information Confirm�

UMI Confirm�

L2-ACK (UMI Confirm)�


_1184588092.vsd
�

�

�

UE-RRC�

UE-RLC�

UTRAN-RLC�

UTRAN-RRC�

Security Mode Command�

SMC�

L2-ACK (SMC)�

Security Mode Command Complete�

UTRAN Uses

new security

configuration�

L2-ACK (SMC Complete)�

SMC Complete�

Cell Update�

UE reverts

to old

security

configuration�

Cell Update�

Cell Update

is discarded

due to IP failure�


