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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document captures different techniques to improve CS and PS call setup and reconfiguration procedures in UTRA. 

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TS 25.322: "RLC Protocol Specification".

[2]
3GPP TS 25.331: "Radio Resource Control (RRC); protocol specification".

[3]

3GPP TS 25.306: "UE Radio Access Capabilities"

[4]
3GPP TS 25.304: "User Equipment (UE) procedures in idle mode and procedures for cell reselection in connected mode"

[5]
3GPP TR 25.993: "Typical Examples of RABs and RBs Supported by UTRAN"

[6]
3GPP TS 34.108: " Common test environments for User Equipment (UE); Conformance Testing"

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

Default configuration: Configurations that are defined in standards to be included into the UEs memory. 

Pre-configuration: General term referring all possible predefined configuration possibilities: default, predefined, and stored configuration

Predefined configuration: Configurations that are broadcasted in SIB16 from Release 5 and onwards.

Stored Configuration: Configurations that the network stores in the UE by RRC or higher layer signalling 

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

CS
Circuit-Switched 

PS
Packet-Switched

RTT
Round Trip Time

SCI
Stored Configuration Identity

SCSI
Stored Configuration Set Identity 

UE
User Equipment

UMTS
Universal Mobile Telecommunications System

UTRA
UMTS Terrestrial Radio Access

UTRAN
UMTS Terrestrial Radio Access Network

VT
Video Telephony

4
Background and Introduction

For CS video and voice calls, the setup delay is one important measure of quality of the service experienced by the subscriber. To ensure constant improvements on this, it is necessary to ensure that UMTS specifications are involving form this perspective. 

For many PS services the transmission delay is often smaller than the call set up delay. Moreover, due to long call setup delay and reconfiguration of PS DCH the activity factor becomes low for these radio bearers, which leads to low efficiency and poor service due to high admission control blocking rates. The efficiency will be especially low for VoIP and HTTP services.

In addition as the data rates of UMTS system are increased by new high-speed downlink uplink channels namely HSDPA and E-DCH, the delay caused by RB setup and channel allocation will contribute larger portion of total data transfer delay of the user data experienced by the subscriber. 

The work item Signalling Enhancements for CS and PS connections concentrates on RAN related aspects and the work includes:

To review the CS and PS Call and session Setup procedures in UMTS 

To highlight the improvements where call and session setup, including session reactivation, process can be improved from both idle state and from "dormant" state, i.e. a data session that had not been generating user traffic in the recent past

Consider impacts to the relevant specifications 

To review performance requirements for e.g. RRC procedures

To review current RRM procedures

5
Requirements

6
Analyses of Current Procedures

6.1
Call Setup time for CS and PS Calls

6.1.1
RRC Connection Setup
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Figure 6.1.1-1: RRC Connection Setup (Idle to CELL_DCH state) 

In Figure 6.1.1-1 a typical RRC connection setup procedure from Idle mode to CELL_DCH is described. As this procedure is part of several of the upcoming procedures and therefore is treated here in more detail.
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Figure 6.1.1-2: RRC Connection Setup (Idle to CELL_FACH state)

In Figure 6.1.1-2 a typical RRC connection setup procedure from Idle mode to CELL_FACH is described. As this procedure is part of several of the upcoming procedures and therefore is treated here in more detail.
6.1.2
CS Call Setup 
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Figure 6.1.2-1:  Mobile Originated CS Voice Call 

The Figure 6.1.2-1 presents the reference case for Mobile Originated voice call setup procedure.  T0 marks the instant in time when the user pushes the "send" button on the terminal. T1 is the reception of the NAS ALERTING message, when the user can hear if the call did go through, and T2 marks the time when the conversation can start. 

The reference case(s) for RRC connection setup phase and delay contributed of it (time duration t0+t1) are analysed in section 6.1.1. 
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Figure 6.1.2-2: Mobile Originated CS Video Telephony Call (mobile to mobile) 

The CONNECT ACK (T1) indicates the completion of the radio bearer establishment.  After this, the videophone applications exchange capabilities, agree on coded formats, initialize the necessary elements, create the stream endpoints before the actual audio and video information can flow.

Since the VT call is always a mobile to mobile call it is affected by the length of the paging procedure of the called mobile.

The reference case(s) for RRC connection setup phase and delay contributed of it (time duration t0+t1) are analysed in section 6.1.1.
6.1.3
PS Call Setup
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Figure 6.1.3-1:  Mobile Originated Packet Connection Setup 

The Figure 6.1.3-1 presents the reference case for the Mobile Originated packet connection setup procedure.  T0 marks the instant in time when the user activates the packet service.  T1 is the reception of the NAS ACTIVATE PDP CONTEXT message, and T2 marks the time when the physical channel is reconfigured to optimally handle the packet service.

The reference case(s) for RRC connection setup phase and delay contributed of it (time duration t0+t1) are analysed in section 6.1.1.

6.1.4
CELL_FACH to CELL_DCH State Transition
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Figure 6.1.4-1: CELL_FACH to CELL_DCH State Transition

In the Figure 6.1.4-1 the CELL_FACH to CELL_DCH transition is analyzed.  This procedure allows the resumption of a packet data call that is temporary in "dormant" or low activity state. UTRAN decides to perform the state transition based on UE measurement reporting and/or UTRAN internally determined causes:

1)
State transition based on UE measurement report:
T0 marks the instant in time when the measurement report including the Traffic Volume Measurement is sent over the radio interface. 
2)
State transition based on UTRAN internal reason:
In this case the t1a is zero and T0 marks the instant in time when the Radio Link Setup Request is sent to the Node B.

T1 is the transmission of the RRC CHANNEL RECONFIGURATION COMPLETE message, when the user data can start to flow. The signaling flow in Figure 6.1.4-1is based on the assumption of acknowledge mode transfer of the RRC: RECONFIGURATION message, and thus T2 marks the time when the procedure is completed at the reception of the L2 Ack for the RRC CHANNEL RECONFIGURATION COMPLETE message.
6.1.5
Reconfiguration of the DCH
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Figure 6.1.5-1:  The Reconfiguration of the DCH 

In the Figure 6.1.5-1 the reconfiguration procedure of DCH in CELL_DCH state due to UE reasons is analyzed. UTRAN decides to perform the state transition based on UE measurement reporting and/or UTRAN internally determined causes:

1)
State transition based on UE measurement report:
T0 marks the instant in time when the measurement report including e.g. the Traffic Volume Measurement is sent over the radio interface.

2)
State Transition based on UTRAN internal reason:
In this case the t1a is zero and T0 marks the instant in time when the Radio Link Setup Request is sent to the Node B.
T1 is the transmission of the RRC CHANNEL RECONFIGURATION COMPLETE message, when the user data can start to flow at the new configuration, The signaling flow in Figure 6.1.5-1is based on the assumption of acknowledge mode transfer of the RRC: RECONFIGURATION message and thus T2 marks the time when the procedure is completed at the reception of the L2 Ack for the RRC CHANNEL RECONFIGURATION COMPLETE message.
6.2.
Control Plane RTT

7
Overview of Proposed Improvements

7.1
Default Configurations

The Rel5 default configuration concept is specified for cases in which the UE enters CELL_DCH without having any CELL_DCH configuration previously allocated i.e. it is used upon handover from GSM/ GERAN Iu and upon RRC connection establishment. The current default configurations include combinations of signalling radio bearers (SRB1- 3) with a single CS RAB.

The get full advantage of default configurations also in other situation, a new set of default configurations is required to be introduced together with the signalling support of the default configurations in the Radio Bearer Setup message. The signalling support in the Radio Bearer Reconfiguration message is FFS. 

The other requirement of utilising default configurations is that the existing PS RABs will not be released when using default configurations to set up another RB. The exceptional cases where the PS RAB might be released are FFS.

The Rel6 will introduce new set of default configurations, but the actual default configurations are FFS.

7.2
Stored Configurations

7.2.1
General Principle

The main principle of the stored configuration is that the UE stores some RB configuration for later use. The general assumptions for these stored configurations are:

1)
The scope of stored configurations is limited to either a PLMN or equivalent PLMN. It is FFS if co-ordination of the same stored configuration identity (SCI) and or stored configuration set identity (SCSI) among PLMNs is feasible. 

2)
Each stored configuration is uniquely identifiable within the PLMN.

3)
Stored configurations are synchronised between UE and UTRAN

The UTRAN may utilise the stored configuration in RB setup or reconfiguration when the UE has indicated that it has stored RB configurations, by only indicating the SCI in the setup/reconfiguration message. The UE indicates the status of the stored configurations in RRC Connection Setup Complete message. The need of stored configuration status messages in other messages is FFS.

Two separate methods to store, and synchronise RB configurations in UE has been envisaged:

1) 
Storing the configuration during RB setup when the full configuration is send to the UE, achieving the synchronisation by utilising system information broadcast by the UTRAN, as defined in subclause 7.2.2.

2)
Introduce explicit signalling that UTRAN utilises for storing and synchronising the configuration in the UE as defined in subclause 7.2.3.

7.2.2
Signalling of Stored Configurations at RB Setup

The method for storing configurations at RB setup consists primarily of the addition of an SCI field to the RADIO BEARER SETUP message. UTRAN can utilise this field in two ways:

1)
When accompanied by a full configuration, UTRAN indicates to the UE that it shall associate the SCI value with the configuration.

2)
By itself, UTRAN has knowledge that the UE is already storing a configuration with that SCI, and indicates that the radio bearer to be set up shall use that stored configuration.

7.2.2.1
Establishment of a Stored Configuration

The procedure to associate an SCI value with a configuration is shown in Figure 7.2.2-1.
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Figure 7.2.2-1: RB setup establishing a stored configuration

The UTRAN indicates to the UE in the RRC CONNECTION SETUP message that the UE should send its stored configuration list in RRC CONNECTION SETUP COMPLETE message to the UTRAN. This gives knowledge to the UTRAN, which configurations are available for use. In the case that UTRAN wishes to set up a bearer using a configuration that is not in the UE’s list, it sends an explicit description of the bearer in the RADIO BEARER SETUP message, together with an SCI. The UE acts on received IEs and stores the IEs together with SCI value.

If for some reason the UE’s list of stored configurations changes while the RRC connection is in place, it will need to send an UE CAPABILITY INFORMATION message to update the UTRAN

7.2.2.2
Use of a Previously Stored Configuration

The procedure to utilise a stored configuration, is shown in Figure 7.2.2-2.
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Figure 7.2.2-2: RB setup using a configuration previously stored

In this case the desired configuration was available in the list reported by the UE in the RRC CONNECTION SETUP COMPLETE message, and the UTRAN sends only the corresponding SCI in the RADIO BEARER SETUP message. The UE’s list of stored configurations is not affected in this procedure, as the RADIO BEARER SETUP COMPLETE message does not contain IEs to be stored by the UE.

7.2.2.3
Other Affected Messages

In addition to the RADIO BEARER SETUP message, other RRC messages that may include a radio bearer configuration (reconfiguration messages and the CELL UPDATE message) would be able to include the SCI field with the same semantics.

The RRC CONNECTION SETUP message is an exception, as when the UTRAN is sending this message, it does not yet have the UE’s list of stored configurations.

7.2.2.4
Management of Stored Configurations

To manage and synchronise the SCI values between UTRAN and UE, the broadcast system information should contain the list of currently used SCIs. The UTRAN should continuously transmit used SCIs in one of the System Information Blocks. The UTRAN would “activate” an SCI by adding its value to the broadcast list, and “deactivate” it by deleting it.  When the UE determines from the SIB contents that an SCI has been deactivated, the UE shall delete the corresponding configuration from its stored configurations. 

To avoid situation that, an UE has gone out of service when the SCI value was not yet invalidated, and return after the UTRAN has used same SCI again, giving no means to the UE to determine that the configuration associated with that SCI had changed. The UTRAN should wait long enough between invalidation and reuse of a given SCI that any problematic “lost” UEs will have discarded their system information (including the SCI validity information) due to the existing 6-hour timer.

To reduce BCCH bandwidth, it would be beneficial for the UTRAN to send an interval of SCIs in use, rather than a complete list. This requires that the UTRAN will sometimes have to perform active management used SCI values to keep the SCIs contiguous (e.g., in the situation where the interval [1,4] is in use and then SCI 2 is invalidated).

To support this management, it is desirable for the UTRAN to have a method to signal a “reassignment” of a new SCI to an existing configuration; in the example above, the UTRAN could make the valid identifiers (1, 3, and 4) contiguous by assigning SCI 5 to the same configuration as SCI 1, then invalidating SCI 1. 

A “shorthand” notation telling the UE to perform this reassignment has advantages in terms of signalling and procedural complexity over explicitly duplicating the original SCI assignment. The signalling to support reassignment consists of a single IE containing two SCI values; this IE would be included in the RADIO BEARER SETUP message, but could be considered for inclusion in other messages as well, to allow the UTRAN to reassign the SCI for UEs for which no RB setup is needed.

The valid SCI interval could be signalled in appropriate SIB due to fact that changes should not be very frequent, as the lifetime of a given configuration in the network can be expected to be very long, so the SIB need not be one of those intended for frequent rereading.

Figure 7.2.2-3 illustrates the sequence of events in the management of SCIs between the UTRAN and an UE. The UTRAN begins with four stored configurations A, B, C, and D, with SCIs 0, 1, 2, and 3 respectively.  The UE has already stored configurations A, B, and D from this list.
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Figure 7.2.2-3: Management of SCIs as configurations change

Between the first and second columns of the Figure 7.2.2-3, the UTRAN decides to replace configuration B with a new configuration called B’. It adds B’ to its list (with SCI 4), signals the new interval in the system information, and sets up a bearer using configuration B’ with the UE.  At this point the UTRAN stops using configuration B (the X through the configuration in the figure) but cannot yet signal it as invalid, because the SCIs for the remaining valid configurations (SCI values of 0, 2, 3, 4) are not contiguous.  As the SCI 1 (configuration B) is not yet actually signalled as invalid in the system information, the example UE is storing both configurations B and B’.

To make the SCIs contiguous, the UTRAN reassigns configuration A from SCI 0 to 5. UEs receiving the reassignment will not store two copies of configuration A with different SCIs. At this point the UTRAN is signalling a valid interval of 0-5, but not actually using values 0 and 1; it can maintain this state until it determines that a sufficient number of UEs have received the reassignment.  (UEs that do not receive the reassignment will “forget” configuration A when SCI 0 is no longer signalled as valid, so they may later need an explicit assignment of SCI 5 to the same configuration.)

When it determines that enough UEs have been updated, the UTRAN can actually expire SCIs 0 and 1, by signalling a valid SCI interval of 2-5. The UE in the Figure 7.2.2-1, seeing this change in the system information, deletes its stored configuration B (SCI 1).

At this point the only UEs still storing configurations 0 and 1 are out of service.  Such UEs could return to service at any time in the next 6 hours with their system information still stored, so the UTRAN needs to wait at least that long before it can reassign SCIs 0 and 1 to new configurations.

7.2.3
Stored Configurations Management by Explicit Signalling

Configurations are transmitted to the UE explicitly by using a new signalling procedure on the DCCH. The UE stores the configuration for later use. 

7.2.3.1
Identifying Stored Configurations

1)
Stored Configuration Set Identity (SCSI) is used to identify the set of configurations stored in the UE.  

2)
Stored Configuration Identity identifies a “stored configuration”, which is one element of a “stored configuration set”.

7.2.3.2
Stored Configuration Transfer Procedure

The RNC can update the stored configurations any time the UE is RRC Connected. The RRC sends a list of configurations in a message called RRC: STORED CONFIGURATION UPDATE. It should be possible to remove, add, or update individual configurations stored in the UE to increase the efficiency of the predefined configuration set update. 
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Figure 7.2.3-1: Stored Configuration Update procedure
To avoid large message sizes a segmented configuration transfer shall be possible: The RNC may transmit with one STORED CONFIGURATION UPDATE message one, several, or all configurations to be stored in the UE. Indicators within the message are used to inform the UE whether it has to expect additional STORED CONFIGURATION UPDATE messages with configurations to be stored while it is RRC Connected. It should be left to the RNC implementation how many configurations are transmitted in one STORED CONFIGURATION UPDATE message. If the UE moves into the Idle mode while it has not received all configurations stored for later use then it shall erase all stored configurations. 

When an UE stored configuration set is updated, it must be associated with a new SCSI. 

7.2.3.3
Notifying Stored Configurations

UTRAN has to be informed about the UE stored configurations before it can command the UE to apply a stored configuration in an RRC message. This can be obtained by a notification in the RRC Connection setup or after explicit request by the UTRAN.

In case of notification in RRC Connection setup, the UE informs UTRAN about its stored configurations by sending the associated SCSI in the RRC CONNECTION SETUP COMPLETE message, synchronising the stored configurations between the UE and the UTRAN as presented in Figure 7.2.2-2. 


[image: image13.wmf] 

UTRAN

 

IDLE mode

 

RRC CONNECTION SETUP

 

UE

  

 

RRC CONNECTION REQUEST

 

 

RRC CONNECTION SETUP COMPLETE

 

 

( .., stored configuration set identifier, .. )

 


Figure 7.2.3-2: Notifying Stored Configurations in RRC Connection Setup
If the UTRAN does not hold information about the UE stored configurations, UE can explicitly request this information by sending the RRC: STORED CONFIGURATIONS STATUS REQUEST message to the UE. The UE responses with RRC: STORED CONFIGURATION STATUS RESPONSE message, which contains the SCSI associated with the UE stored configurations synchronising the stored configurations between the UE and the UTRAN as presented in Figure 7.2.2-3. 
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Figure 7.2.3-3: Notifying Stored Configurations by Stored Configuration Status Procedure
The Stored Configuration Procedure is only necessary if the UTRAN holds no valid information about the stored configurations, stored by the UE. This may happen for instance after a SRNC relocation, where the target RNC supports the “stored configuration feature” while the source RNC does not support it. 

7.2.3.4
Lifetime of Stored Configurations in the UE

When a UE stores configurations for later use then a mechanism has to be included to allow the UE to determine when the stored configurations are outdated which then results in deleting the stored configurations from the UE memory.

This can be achieved by a combination of

1)
information about the validity broadcasted on the BCCH, such as a “stored configuration support identity” or “supported SCSI(s)”. The details are FFS. 

2)
A UE timer which is started when the UE camps no longer in a cell which supports its stored configuration set. It should be possible to set the timer to several hundred deci-hours so that the UE keeps a stored configuration set even if it is for a longer timer out of coverage. Timers that run several hundred deci-hours are supported nowadays by the UE, see e.g. T3212 (periodic location update timer). The details are FFS.

7.3
Configurations for RB and SRB

7.3.1 
New Test Configurations 

7.3.2
New Reference Configurations 

Following configurations are to be introduced in [5] for Rel6.

1)
UL/DL 13.6kbps SRB on DCH inclusion with PS RB(s), the reuse of configuration 3) subclause 6.10.2.4.1.3 of [6] is FFS.

2)
UL/DL 27 kbps standalone SRB on DCH.
8.
Conclusions 

9.
Recommendations
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