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1 Introduction

Our proposal for reducing the CS call setup delay [1] is to pre-configure the transport and physical channel configuration for a CS speech call during RRC connection establishment. This avoids use of a time consuming synchronous reconfiguration procedure when establishing the radio bearers for the CS call. Although some UE vendors indicated that they needed to verify their implementation, in our understanding, this approach should already be supported by R99 UE implementations.

As already shown in an earlier paper [2], we have estimated that our proposal is expected to result in a reduction of the delay by around 600ms.

In order to extend the delay reduction to cases other the CS speech call, we propose to introduce some small enhancements, namely that the UE indicates the CS conversational call type (speech, 64kbps video). Also, we propose to clarify the UE behaviour for the case a default configuration is used during RRC connection establishment, to ensure this signalling approach is covered also.

Due to the fact that the UE would indicate the call type, the network knows whether or not a UE supports the enhancement. This means that these improvements could be considered for early implementation, e.g. REL-5.

RAN2 is requested to conclude on the support of the original proposal by R99 UEs. RAN2 is also requested to discuss this enhancement, and if considered beneficial to conclude on which release to introduce this.

2 Discussion
2.1 Introduction

This section briefly summarises our proposal, whith a focus on what can be done with existing R99/ REL-4/ REL-5 procedures. In addition a small enhancement is proposed for REL-6.

Existing R99/ REL-4
Upon receiving an RRC Connection Request with the cause value set to ‘conversational originating/ terminating call’, UTRAN assumes the UE wishes to establish a CS speech call.

In this case, UTRAN pre-configures the transport and physical channel configuration for the CS speech call during RRC Connection Setup.

Since the transport and physical channels are pre-configured, an asynchronous RB establishment procedure can be used upon RAB assignment to configure the remaining RB information (i.e. RB mapping and RLC configuration). 

If during RAB assignment it turns out that UTRAN made an incorrect assumption, UTRAN needs to perform a synchronous RB reconfiguration procedure, in which case the same call setup delay applies as for the case pre-configuration is not used.

Existing REL-5

UTRAN may use the same approach as for R99/ REL-4 UEs. In addition, UTRAN may use pre-defined configurations when pre-configuring the transport and physical channel configuration for the CS RAB.

REL-6

For release 6, the following enhancements are proposed:

· The RRC CONNECTION REQUEST message is extended by an IE ‘CS conversational call type’ by which the UE can explicitly indicate the call it wishes to establish e.g. CS speech, CS 64 kbps video
· Clarification is added to the RRC connection establishment procedure that, upon receiving the RRC connection setup message including a default configuration, the UE ignores the RB information corresponding with RABs (but considers the transport and physical channel information).

Note
As mentioned before, the above behaviour is already defined for pre-definded configurations since REL-5
These changes not only allow to cover CS calls other than speech but also enable UTRAN to use default configurations when pre-configuring the transport and physical channel configuration for the CS speech call during RRC connection setup. The following sequence illustrates the proposed changes, which are highlighted in blue.
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Figure 1. Signaling flow illustrating enhancements proposed for REL-6
2.2 Estimation of delay reduction
2.2.1 Message transfer delay analysis

First we have tried to estimate the increase in the transfer delay of RRC connection setup message resulting from the inclusion of additional transport and physical channel information configuration information. Our estimation shows that the increase in the average transfer delay of the RRC connection setup message is in the order of 50- 100 ms.
It should be noted that however, that our proposal also involves a reduction in the size of the Radio bearer setup message since the transport and physical channel information is transferred beforehand. In this respect it is also important to note that the bitrate of the transport channel use to transfer the Radio bearer setup message (DCH, 13.6 kbps) is lower than the bitrate of the transport channel used to transfer the RRC connection setup message (FACH, 32 kbps). This means that the reduction in the size of the Radio bearer setup message is expected to have a bigger impact on the delay reduction than the corresponding increase in the size of the RRC connection setup message. On the other hand, RLC AM is assumed to be used for Radio bearer setup message, meaning that in case of an error only the erroneous block(s) need to be retransmitted.

Altogether, our estimation shows that the transfer delay the Radio bearer setup message will be reduced by 175- 210 ms, which is larger than the increase in the transfer delay of the RRC connection setup message. In summary, our estimation shows a reduction in the overall transfer delay as follows:

Increase transfer delay RRC connection setup message


50- 100 ms

Decrease transfer delay the Radio bearer setup message


175- 210 ms
Net result: decrease of transfer delay







75- 160 ms

Further information on the transfer delay calculation used in the above table is provided in ‎5. 

2.2.2 Reduction due to use asynchronous procedure

Table 2 from [3] shows a call setup example in which the RAB assignment procedure takes 1105 ms in total. A significant part of the delay results from the radio bearer setup procedure i.e. 864 ms in the example.
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Table 2: Example speech service call setup delay recorded by
the network (3.7 kbps signalling bearer)




In our proposal the delay incurred by the radio bearer setup procedure is reduced significantly, mostly because UTRAN will not have to set an activation time sufficiently well in advance e.g. to ensure that in 99% of the cases the message has been received correctly before the activation time.

2.2.3 Final result

Altogether it is expected that, by pre-configuring the transport and physical channels for the CS speech call during RRC Connection Setup, the setup delay for a CS speech call is reduced with around 600 ms. 
3 Conclusions and proposal
In this document, we have shown that the setup delay for a CS speech call towards a R99 UE can be reduced by around 600ms without any change to the standards. This is achieved by pre-configuring the transport and physical channels for the CS speech call during RRC Connection Setup.

In order to increase the above gains and to extend them to cases other than the CS- speech call we propose to introduce the following changes in REL-6: 

1. The RRC CONNECTION REQUEST message is extended by an IE ‘CS conversational call type’ by which the UE can explicitly indicate the call it wishes to establish e.g. CS speech, CS 64 kbps video

2. Clarification is added to the RRC connection establishment procedure that, upon receiving the RRC connection setup message including a default configuration, the UE ignores the RB information corresponding with RABs (but considers the transport and physical channel information)

Due to the fact that the UE would indicate the call type, the network knows whether or not a UE supports the enhancement. This means that these improvements could be considered for early implementation, e.g. REL-5.

RAN2 is requested to conclude on the support of the original proposal by R99 UEs. RAN2 is also requested to discuss the small enhancement, and if considered beneficial to conclude on which release to introduce this. A REL-5 CR is attached to illustrate the proposed changes.
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5 Background information

5.1 Delay Impace size increase RRC connection setup message

When using RLC UM mode, the probability that a message comprising of n TTIs fails after t transmissions is assumed to be as follows

P_succ (n, 1)= (1-BLER)^n


(all TTIs have to succeed)

P_fail (n, 1)= 1- (1-BLER)^n

(1- P_succ)

P_fail (n, t)= (1-(1-BLER)^n)^t

(all t transmissions have to fail)
The delay in case of t transmissions, D(t) is assumed to be as follows:

D (n, 1)= n * TTI

D (n, t)= t * n * TTI + (t-1) * RD

(RD corresponds with delay until retransmission is triggered)

In case retransmissions are triggered upon lack of a timely response from the peer entity, the value of RD should cover the round trip time, processing delay and some margin.

Contribution to average delay of t transmissions equals the probability for t transmissions to occur times the transfer delay in case of t transmissions. The probability that t transmissions occurs equals the probability that (t-1) transmissions fail i.e. P_fail (n, t-1).

D_cont (n,t)= D (n,t) * (P_fail (n, t-1) - P_fail (n, t) )
In our calculations we have assumed the following

TTI= 10 ms


(with 2 TBs of 152 payload bits per TTI)

BLER= 5%


(Representing the likelihood that a TTI is in error)

RD= 360 ms
The following table shows that the increase in the average transfer delay of the RRC connection setup message is in the order of 50- 100 ms.
	Message
	Size
	Average transfer delay (ms)

	RRC connection setup, establishing SRB 1-4 on 13.6 kbps DCH (including pre-configuration of RACH/ FACH mapping options, no use of ‘sameAs’ optimisations)
	912 (6 TB)
	110

	RRC connection setup as above but now also including econfiguration of the transport and physical channels for the CS speech call
	1363 (9 TB)
	215

	RRC connection setup, establishing SRB 1-4 on 13.6 kbps DCH (not including pre-configuration of RACH/ FACH mapping options, full use of ‘sameAs’ optimisations)
	637 (5 TB)
	110

	RRC connection setup as above but now also including configuration of the transport and physical channels for the CS speech call
	983 (7 TB)
	160


5.2 Delay Impace size reduction Radio bearer setup message

When using RLC AM mode, the probability that a message comprising of n TTIs fails after t transmissions is assumed to be as follows

P_succ (n, 1)= (1-BLER)^n


(all TTIs have to succeed)

P_fail (n, 1)= 1- (1-BLER)^n


(1- P_succ)

P_fail (n, t)= (1-(1-BLER^t)^n)^t

(all t transmissions have to fail)
The delay in case of t transmissions, D(t) is assumed to be as follows:

D (n, 1)= n * TTI

D (n, t)= t * n * TTI + (t-1) * RD

(RD corresponds with delay until retransmission is triggered)

In case retransmissions are triggered upon lack of a timely response from the peer entity, the value of RD should cover the round trip time, processing delay and some margin.

Contribution to average delay of t transmissions equals the probability for t transmissions to occur times the transfer delay in case of t transmissions. The probability that t transmissions occurs equals the probability that (t-1) transmissions fail i.e. P_fail (n, t-1).

D_cont (n,t)= D (n,t) * (P_fail (n, t-1) -  P_fail (n, t)) 
In our calculations we have assumed the following

TTI= 10 ms


(with 1 TBs of 128 payload bits per TTI)

BLER= 5%


(Representing the likelihood that a TTI is in error)

RD= 360 ms

The following table shows that the increase in the average transfer delay of the Radio bearer setup message is in the order of 175- 210 ms.
	Message
	Size
	Average transfer delay (ms)

	Radio bearer setup, establishing CS speech call including configuration of transport and physical channels for the CS speech call, no use of ‘sameAs’ optimisations)
	904 (8 TB)
	270

	Radio bearer setup, establishing CS speech call including configuration of transport and physical channels for the CS speech call, full use of ‘sameAs’ optimisations)
	777 (7TB)
	235

	RRC connection setup as above but now also excluding configuration of the transport and physical channels for the CS speech call
	237 (2 TB)
	60
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8.1.3.6
Reception of an RRC CONNECTION SETUP message by the UE

The UE shall compare the value of the IE "Initial UE identity" in the received RRC CONNECTION SETUP message with the value of the variable INITIAL_UE_IDENTITY.

If the values are different, the UE shall:

1>
ignore the rest of the message.

If the values are identical, the UE shall:

2>
if IE "Specification mode" is set to "Preconfiguration" and IE "Preconfiguration mode" is set to "Predefined configuration":

3>
initiate the radio bearer and transport channel configuration in accordance with the predefined parameters identified by the IE "Predefined configuration identity" with the following exception;

4> ignore the IE "RB to setup list" and the IE "Re- establishment timer".

NOTE:
IE above IEs are mandatory to include in IE “Predefined RB configuration” that is included in System Information Block 16 but should be ignored since it is not possible to establish a RAB during RRC connection establishment.

3>
initiate the physical channels in accordance with the received physical channel information elements;

2>
if IE "Specification mode" is set to "Preconfiguration" and IE "Preconfiguration mode" is set to "Default configuration":

3>
initiate the radio bearer and transport channel configuration in accordance with the default parameters identified by the IE "Default configuration mode" and IE "Default configuration identity" with the following exception;

4> ignore the IE "RB to setup list" and the IE "Re- establishment timer".

3>
initiate the physical channels in accordance with the received physical channel information elements.

NOTE:
IE "Default configuration mode" specifies whether the FDD or TDD version of the default configuration shall be used.

2>
if IE "Specification mode" is set to "Complete specification":

3>
initiate the radio bearer, transport channel and physical channel configuration in accordance with the received radio bearer, transport channel and physical channel information elements.

1>
clear the variable ESTABLISHMENT_CAUSE;

1>
stop timer T300, and act upon all received information elements as specified in subclause 8.6, unless specified otherwise in the following:
2>
if the UE, according to subclause 8.6.3.3, will be in the CELL_FACH state at the conclusion of this procedure:

3>
if the IE "Frequency info" is included:

4>
select a suitable UTRA cell according to [4] on that frequency.

3>
enter UTRA RRC connected mode;
3>
select PRACH according to subclause 8.5.17;

3>
select Secondary CCPCH according to subclause 8.5.19;

3>
ignore the IE "UTRAN DRX cycle length coefficient" and stop using DRX.

1>
if the UE, according to subclause 8.6.3.3, will be in the CELL_DCH state at the conclusion of this procedure:

2>
perform the physical layer synchronisation procedure A as specified in [29] (FDD only);

2>
enter UTRA RRC connected mode.

1>
submit an RRC CONNECTION SETUP COMPLETE message to the lower layers on the uplink DCCH after successful state transition per subclause 8.6.3.3, with the contents set as specified below:

2>
set the IE "RRC transaction identifier" to:

3>
the value of "RRC transaction identifier" in the entry for the RRC CONNECTION SETUP message in the table "Accepted transactions" in the variable TRANSACTIONS; and

3>
clear that entry.

2>
if the USIM or SIM is present:

3>
set the "START" for each CN domain in the IE "START list" in the RRC CONNECTION SETUP COMPLETE message with the corresponding START value that is stored in the USIM [50] if present, or as stored in the UE if the SIM is present; and then

3>
set the START value stored in the USIM [50] if present, and as stored in the UE if the SIM is present for any CN domain to the value "THRESHOLD" of the variable START_THRESHOLD.

2>
if neither the USIM nor SIM is present:

3>
set the "START" for each CN domain in the IE "START list" in the RRC CONNECTION SETUP COMPLETE message to zero;
3>
set the value of "THRESHOLD" in the variable "START_THRESHOLD" to the default value [40].

2>
retrieve its UTRA UE radio access capability information elements from variable UE_CAPABILITY_REQUESTED; and then

2>
include this in IE "UE radio access capability" and IE "UE radio access capability extension", provided this IE is included in variable UE_CAPABILITY_REQUESTED;

2>
retrieve its inter-RAT-specific UE radio access capability information elements from variable UE_CAPABILITY_REQUESTED; and then

2>
include this in IE "UE system specific capability".
When the RRC CONNECTION SETUP COMPLETE message has been submitted to lower layers for transmission the UE shall:

1>
if the UE has entered CELL_FACH state:

2>
start timer T305 using its initial value if periodical update has been configured by T305 in the IE "UE Timers and constants in connected mode" set to any other value than "infinity" in the variable TIMERS_AND_CONSTANTS.

1>
store the contents of the variable UE_CAPABILITY_REQUESTED in the variable UE_CAPABILITY_TRANSFERRED;

1>
initialise variables upon entering UTRA RRC connected mode as specified in subclause 13.4;

1>
consider the procedure to be successful;

And the procedure ends.
10.2.39
RRC CONNECTION REQUEST

RRC Connection Request is the first message transmitted by the UE when setting up an RRC Connection to the network.


RLC-SAP: TM


Logical channel: CCCH


Direction: UE ( UTRAN

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Message Type
	MP
	
	Message Type
	
	

	Radio Bearer IEs
	
	
	
	
	

	Predefined configuration status information
	MP
	
	Boolean
	True indicates the UE has all pre- configurations stored with the same value tag as broadcast in the cell in which the RRC connection establishment is initiated
	REL-5

	UE information elements
	
	
	
	
	

	Initial UE identity
	MP
	
	Initial UE identity 10.3.3.15
	
	

	Establishment cause
	MP
	
	Establishment cause 10.3.3.11
	
	

	Call type
	MP
	
	Enumerated (CS speech, CS 64kbps video, other)
	One spare value is needed
	REL-5

	Protocol error indicator
	MD
	
	Protocol error indicator 10.3.3.27
	Default value is FALSE
	

	>UE Specific Behaviour Information 1 idle
	OP
	
	UE Specific Behaviour Information 1 idle

10.3.3.51
	This IE shall not be included in this version of the protocol
	

	Measurement information elements
	
	
	
	
	

	Measured results on RACH
	OP
	
	Measured results on RACH 10.3.7.45
	
	

	Access stratum release indicator
	MP
	
	Enumerated(REL-4,
	Absence of the IE implies R99.

The IE also indicates the release of the RRC transfer syntax supported by the UE

14 spare values are needed
	REL-4

	
	
	
	REL-5)
	
	REL-5


If the encoded message does not fill a transport block, the RRC layer shall insert padding according to subclause 12.1.

11.2
PDU definitions

-- ***************************************************

--

-- RRC CONNECTION REQUEST

--

-- ***************************************************

RRCConnectionRequest ::= SEQUENCE {


-- TABULAR: Integrity protection shall not be performed on this message.


-- User equipment IEs



initialUE-Identity



InitialUE-Identity,



establishmentCause



EstablishmentCause,



-- protocolErrorIndicator is MD, but for compactness reasons no default value



-- has been assigned to it.



protocolErrorIndicator


ProtocolErrorIndicator,


-- Measurement IEs



measuredResultsOnRACH


MeasuredResultsOnRACH



OPTIONAL,


--
Non critical Extensions



v3d0NonCriticalExtensions


SEQUENCE {




rRCConnectionRequest-v3d0ext 
RRCConnectionRequest-v3d0ext-IEs,


-- Reserved for future non critical extension




v4b0NonCriticalExtensions


SEQUENCE {





rrcConnectionRequest-v4b0ext

RRCConnectionRequest-v4b0ext-IEs,





v590NonCriticalExtensions


SEQUENCE {






rrcConnectionRequest-v590ext

RRCConnectionRequest-v590ext-IEs,






-- Reserved for future non critical extension






v5f0NonCriticalExtensions


SEQUENCE {







rrcConnectionRequest-v590ext

RRCConnectionRequest-v590ext-IEs,







-- Reserved for future non critical extension







nonCriticalExtensions


SEQUENCE {}

OPTIONAL






}
OPTIONAL





}
OPTIONAL




}
OPTIONAL



} 
OPTIONAL

}

RRCConnectionRequest-v3d0ext-IEs ::= SEQUENCE {


-- User equipment IEs



uESpecificBehaviourInformation1idle

UESpecificBehaviourInformation1idle

OPTIONAL

}

RRCConnectionRequest-v4b0ext-IEs ::= 
SEQUENCE {


-- User equipment IEs



accessStratumReleaseIndicator


AccessStratumReleaseIndicator

}

RRCConnectionRequest-v590ext-IEs ::= 
SEQUENCE {


-- User equipment IEs



predefinedConfigStatusInfo


BOOLEAN
}

RRCConnectionRequest-v5f0ext-IEs ::= 
SEQUENCE {


-- User equipment IEs



callType




ENUMERATED {











cs-speech,











cs-video-64kbps,











other,











spare }
}
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