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1.  Introduction

Certain types of short packet burst applications suffer from inefficient power performance in UMTS particularly when compared to their operation in other cellular technologies. It is desirable that a solution which is both simple and effective be adopted.

2. Discussion
2.1 The Problem

In the case of some applications, although the device may have completed its data transfer and not be expecting further data exchange, the device must wait for the network to move it from CELL_DCH or CELL_FACH to idle or URA_PCH state. This is because the network has no way of determining whether the mobile terminal has more data to transfer and therefore keeps the mobile in these data transfer states for a much longer period than is actually necessary in this case. It does this to avoid an additional setup delay for subsequent packet data transfers, in the event that there are in fact more data packets to transfer. 

Because the UMTS networks cannot anticipate the data transfer characteristics of particular applications, this can lead to excessive battery drain. 

Today an increasing number of devices support services such as email, IM, small http update applications, network deliveries and device management activities, and plus with the advent of IMS based services it is reasonable to expect a continued increase in applications which utilise short packet data bursts for content delivery. Many of these services support acknowledged data delivery and as such the application on the device is reliably capable of knowing when the data transfer is completed per data transfer session. In this instance it would be advantageous for the UE to avoid gradual transition through inefficient radio states. It can do this by indicating to the network that it does not expect any further data to be sent or received.
By releasing radio resources not being used and moving the mobile terminal to idle or URA_PCH state, the network could also free up extra capacity that can be used for other users.

2.2 Proposed Solution 

By sending a message to the network indicating that the UE has completed its data transfer, the UE is able to indicate its desire to be released from its current high battery consumption radio state. The network, on receiving this indication, can then determine whether to move the UE to URA_PCH or idle mode rather than wait unnecessarily for general preconfigured network timers to expire and implementing a transition to Idle/URA_PCH by first transiting to CELL_FACH.
In order to send this indication, the UE’s application layer autonomously determines whether it has any more data to exchange. By use of application layer acknowledgement (for the data transfer) and application specific inactivity timers the UE is able to determine reliably when it is appropriate to send such an indication. 

This decision can be communicated by the NAS to the RRC layer by the indication to release the PS signalling connection. It is proposed that RRC Signalling Connection Release Indication message is used to indicate to the UTRAN that the UE no longer needs this signalling connection as data transfer is complete. By adding a cause value indicating this ending of data transfer session in the RRC Signalling Connection Release IndicatION message, the network can make an informed decision on how to handle this UE. It may decide to release the signalling connection, in which case it may then decide to release the RRC connection and let the UE go to idle. Alternatively it could keep the UE in URA_PCH in order to get some similar battery savings whilst ensuring a quicker reconfiguration for data transfer in the more distant future. 

By reusing this message and adding a cause value to indicate this ending of data transfer session, the UE can take advantage of significant battery savings with this behaviour in networks of earlier releases too. In such cases, when this RRC Signalling Connection Release Indication message with cause value is received in these older networks the network will be expected to release the PS signalling connection as they will not receive the cause value. This means the network should handle the message in the same way that they would today, meaning that, in particular, if no other signalling connection exists for this terminal then the network may send the mobile terminal to idle mode. 

This behaviour could be described as Fast Dormancy as the UE moves from active data transfer to idle much faster than traditionally waiting for inefficient timers to expire.

3. Battery Life Improvement

This Fast Dormancy behaviour enables a significant reduction in the amount of time that the mobile terminal is required to remain in a connected state resulting in a substantial improvement to battery life. In fact some live field test results indicate an improvement in standby time of over 100%, depending on network configuration, on a UMTS device using this method to send the UE to idle in existing networks. 

The following graph illustrates battery life improvement due to this fast dormancy behaviour. It compares two devices running concurrently on a commercial UMTS network with a complete data exchange for a short ack-based application receiving a regular message once every 17 minutes. One device supports this fast dormancy behaviour, the other relies on network timers to trigger state transitions by the network. These test results indicate how common network configurations adversely affect battery life for devices supporting certain applications.  This network did not support URA_PCH and had the following network inactivity settings.
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It should be noted that user perception is highly correlated to battery life, and has a significant causal relationship to subscriber churn.
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4. 3GPP Release

When considering the addition of these cause values to RRC Signalling Connection Release Indication message, we think there is a strong motivation that RAN2 should include this message in Release 7. In as much that the deployment of Release 7 is expected to be well supported in networks globally and with the proliferation of these types of applications on devices, it is necessary to ensure wide interpretation of these cause values in order to maintain informed network behaviour. This interpretation of the cause value will enable networks to control the state transition to URA_PCH state as well as minimise the legacy behaviour of sending the UEs to idle.

In addition, the proposed change is considered to be small and as such can be easily adopted into the ASN.1 before it is finalised for Release 7.  

5. Improvements in Rel7

Regarding enhancements in battery performance for packet services such as CPC and enhanced CELL_FACH in release 7, it seems savings in power consumption compared to those achievable in URA_PCH or IDLE states will not be possible due to the need to read the HS-SCCH or (in the case of HS-SCCH less operation) the HS-PDSCH. In addition to take advantage of CPC the device needs to support a high degree of complexity and the networks need to support the appropriate Rel-7 feature options across their coverage areas to provide consistent benefit to all UEs. 
In addition these Rel7 features are application agnostic, which will result again in the situation that UEs using particular applications will consume more battery. 

6. Conclusion

In order to provide significant battery savings for UEs supporting short acknowledged packet applications, RAN2 should agree on adding a cause value IE to RRC Signalling Connection Release Indication message. The appropriate cause value, as indicated by the NAS request, can then be included in this message and sent to the network. With the re-use of this message, UEs in both legacy and current networks can benefit from significant battery savings.
Also by releasing radio resources reserved for data transfer and moving the mobile terminal to idle or URA_PCH, the network frees up extra capacity that can be used for other users.
To enable the OA&M to provide an accurate indication of this PS signalling connection release, appropriate cause values need to be indicated by the NAS when triggering this procedure. This will enable the OA&M to discriminate between normal and abnormal conditions, and enable networks to act accordingly. 

The proposed solution is backwards compatible as behaviour relating to current use of this message will not be affected.

It is strongly recommended that RAN2 should review and agree the enclosed CR to enable fast implementation of UEs using this function, and liaise with CT1 and RAN3 this week to ensure that all necessary changes are incorporated into Release 7.

7. References
[1] 3GPP TS 24.008, “Technical Specification Group Core Network and Terminals; Mobile radio interface Layer 3 specification; Core network protocols; Stage 3”
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8.1.14
Signalling Connection Release Request Procedure


[image: image3.wmf] 

UE

 

UTRAN

 

SIGNALLING CONNECTION 

RELEASE INDICATION

 

 


Figure 8.1.14-1: Signalling Connection Release Request procedure, normal case

8.1.14.1
General

The signalling connection release request procedure is used by the UE to indicate to the UTRAN that one of its signalling connections either shall be released (e.g. in the case of an abnormal NAS signalling procedure failure) or, may be released (e.g. because the UE has knowledge that it is unlikely to need to send any more PS domain data for a prolonged duration). The procedure may in turn lead to the UTRAN initiating the RRC connection release procedure, or (e.g. in the case of lack of PS domain data) may lead the UTRAN to move the UE to the URA PCH state.

8.1.14.2
Initiation

The UE shall, on receiving a request to release (abort) the signalling connection from upper layers for a specific CN domain:

1>
if a signalling connection in the variable ESTABLISHED_SIGNALLING_CONNECTIONS for the specific CN domain identified with the IE "CN domain identity" exists, and;
2> if the requested specific CN domain is the PS domain, and;

2> a CS domain connection is indicated in the variable ESTABLISHED_SIGNALLING_CONNECTIONS, and;

2> the upper layer indicates the cause to initiate this request is “UE Requested PS Data session end”:

3>
this procedure ends.

1>
else:

2> initiate the signalling connection release request procedure.
1>
otherwise:

2>
abort any ongoing establishment of signalling connection for that specific CN domain as specified in 8.1.3.5a.

Upon initiation of the signalling connection release request procedure in CELL_PCH or URA_PCH state, the UE shall:

1>
perform a cell update procedure, according to subclause 8.3.1, using the cause "uplink data transmission";

1>
when the cell update procedure completed successfully:

2>
continue with the signalling connection release request procedure as below.

The UE shall:

1>
set the IE "CN Domain Identity" to the value indicated by the upper layers. The value of the IE indicates the CN domain whose associated signalling connection the upper layers are requested to be released;
2> if the “CN Domain Identity” is set to the PS domain: 

3> if the upper layer indicates the cause to initiate this request then set the IE “Signalling Release Indication Cause” accordingly;

1>
If the IE “Signalling Release Indication Cause” is not set to “UE Requested PS Data session end”, remove the signalling connection with the identity indicated by upper layers from the variable ESTABLISHED_SIGNALLING_CONNECTIONS;
1>
transmit a SIGNALLING CONNECTION RELEASE INDICATION message on DCCH using AM RLC.

When the successful delivery of the SIGNALLING CONNECTION RELEASE INDICATION message has been confirmed by RLC the procedure ends.

8.1.14.2a
RLC re-establishment or inter-RAT change

If a re-establishment of the transmitting side of the RLC entity on signalling radio bearer RB2 occurs before the successful delivery of the SIGNALLING CONNECTION RELEASE INDICATION message has been confirmed by RLC, the UE shall:

1>
retransmit the SIGNALLING CONNECTION RELEASE INDICATION message on the uplink DCCH using AM RLC on signalling radio bearer RB2.

If an Inter-RAT handover from UTRAN procedure occurs before the successful delivery of the SIGNALLING CONNECTION RELEASE INDICATION message has been confirmed by RLC, the UE shall:

1>
abort the signalling connection while in the new RAT.

8.1.14.3
Reception of SIGNALLING CONNECTION RELEASE INDICATION by the UTRAN

Upon reception of a SIGNALLING CONNECTION RELEASE INDICATION message, the UTRAN examines the cause received in the IE “Signalling Release Indication Cause”, if available.
If the IE “Signalling Release Indication Cause”, is not available, or it contains a value different from “UE Requested PS Data session end” the UTRAN requests the release of that domain’s signalling connection from upper layers. Upper layers should then initiate the release of the signalling connection for that domain.
If the IE “Signalling Release Indication Cause” contains the value “UE Requested PS Data session end” the UTRAN behaviour is operator specific and may either:

1> release the signalling connection or;

1> initiate an RRC state transition. 
Note: 
The IE “Signalling Release Indication Cause” indicates the reason that the UE’s upper layer triggered the UE’s RRC layer to the send this message. The UTRAN examines the received cause to determine whether it is the result of a normal or an abnormal upper layer procedure and then acts accordingly; differentiation of the cause for this message is only assured by successful reception of this IE.

(--NEXT SECTION --(
10.2.47
SIGNALLING CONNECTION RELEASE INDICATION
This message is used by the UE to indicate to UTRAN the release of an existing signalling connection.


RLC-SAP: AM


Logical channel: DCCH


Direction: UE(UTRAN

	Information Element/Group name
	Need
	Multi
	IE type and reference
	Semantics description
	version

	Message Type
	MP
	
	Message type
	
	

	UE Information Elements
	
	
	
	
	

	Integrity check info
	CH
	
	Integrity check info 10.3.3.16
	
	

	CN information elements
	
	
	
	
	

	CN domain identity
	MP
	
	CN domain identity 10.3.1.1
	
	

	Signalling Release Indication Cause
	OP
	
	Upper Layer Release Cause 10.3.3.x
	
	Rel-7


(--NEXT SECTION --(
10.3.3.x Upper Layer Release Cause

This message is used to indicate the UE NAS cause to request release of the PS Signalling Connection to the UTRAN.

	Information Element/Group name
	Need
	Multi
	IE type and reference
	Semantics description
	version

	Upper Layer Release Cause 
	MP
	
	Enumerated (UE Requested PS Data session end, T3310 expiry, T3330 expiry, T3340 expiry)
	
	Rel-7


(--NEXT SECTION --(
11.2
PDU definitions

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

--

-- TABULAR: The message type and integrity check info are not

-- visible in this module as they are defined in the class module. 

-- Also, all FDD/TDD specific choices have the FDD option first 

-- and TDD second, just for consistency.

--

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

PDU-definitions DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

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

--

-- IE parameter types from other modules

--

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

IMPORTS

-- Core Network IEs :


CN-DomainIdentity,


CN-InformationInfo,


CN-InformationInfo-r6,


CN-InformationInfoFull,


NAS-Message,


PagingRecordTypeID,


PLMN-Identity,

-- UTRAN Mobility IEs :


CellIdentity,


CellIdentity-PerRL-List,

URA-Identity,

-- User Equipment IEs :


UE-RadioAccessCapabilityComp-r7,


UE-RadioAccessCapability-v7xyext,


UE-RadioAccessCapabBandFDDList2,


UE-RadioAccessCapabBandFDDList-ext,


AccessStratumReleaseIndicator,


ActivationTime,


C-RNTI,


CapabilityUpdateRequirement,


CapabilityUpdateRequirement-r4,


CapabilityUpdateRequirement-r4-ext,


CapabilityUpdateRequirement-r5,


CapabilityUpdateRequirement-r7-ext,


CellUpdateCause,


CellUpdateCause-ext,


CipheringAlgorithm,


CipheringAlgorithm-r7,


CipheringModeInfo,


CipheringModeInfo-r7,


DelayRestrictionFlag,


DSCH-RNTI,


E-RNTI,


EstablishmentCause,


FailureCauseWithProtErr,


FailureCauseWithProtErrTrId,


GroupReleaseInformation,


H-RNTI,


High-MobilityDetected,

UESpecificBehaviourInformation1idle,


UESpecificBehaviourInformation1interRAT,


InitialUE-Identity,


IntegrityProtActivationInfo,


IntegrityProtectionModeInfo,


IntegrityProtectionModeInfo-r7,


N-308,


PagingCause,


PagingRecordList,


PagingRecord2List-r5,


ProtocolErrorIndicator,


ProtocolErrorIndicatorWithMoreInfo,


RadioFrequencyBandTDDList,


Rb-timer-indicator,


RedirectionInfo,


RedirectionInfo-r6,


RejectionCause,


ReleaseCause,


RF-CapabilityComp,


RRC-StateIndicator,


RRC-TransactionIdentifier,


SecurityCapability,


START-Value,


STARTList,


SystemSpecificCapUpdateReq-v590ext,


T-319,


U-RNTI,


U-RNTI-Short,


UE-CapabilityContainer-IEs,


UE-HSPA-Identities-r6,

UE-RadioAccessCapability,


UE-RadioAccessCapability-v370ext,


UE-RadioAccessCapability-v380ext,


UE-RadioAccessCapability-v3a0ext,


UE-RadioAccessCapability-v3g0ext,

UE-RadioAccessCapability-v4b0ext,

UE-RadioAccessCapability-v590ext,

UE-RadioAccessCapability-v5c0ext,

UE-RadioAccessCapability-v650ext,


UE-RadioAccessCapability-v680ext,


UE-RadioAccessCapabilityComp,


UE-RadioAccessCapabilityComp-ext,

UE-RadioAccessCapabilityComp2,

DL-PhysChCapabilityFDD-v380ext,


UE-ConnTimersAndConstants,


UE-ConnTimersAndConstants-v3a0ext,


UE-ConnTimersAndConstants-r5,


UE-SecurityInformation,


UE-SecurityInformation2,

UE-SpecificCapabilityInformation-LCRTDD,

UpperLayerReleaseCause,


URA-UpdateCause,


UTRAN-DRX-CycleLengthCoefficient,


UTRAN-DRX-CycleLengthCoefficient2,


WaitTime,

[…..]
-- ***************************************************

--

-- SIGNALLING CONNECTION RELEASE INDICATION

--

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

SignallingConnectionReleaseIndication ::= SEQUENCE {


-- Core network IEs



cn-DomainIdentity



CN-DomainIdentity,



laterNonCriticalExtensions

SEQUENCE {




-- Container for additional R99 extensions




signallingConnectionReleaseIndication-r3-add-ext

BIT STRING

OPTIONAL,




v7xyNonCriticalExtensions
SEQUENCE {





signallingConnectionReleaseIndication-v7xyext



SignallingConnectionReleaseIndication-v7xyext, 




nonCriticalExtensions


SEQUENCE {}

OPTIONAL




}

OPTIONAL



}
OPTIONAL

}

SignallingConnectionReleaseIndication-v7xyext ::= SEQUENCE {


upperLayerReleaseCause


UpperLayerReleaseCause
OPTIONAL

}

[…..]

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

--

--     USER EQUIPMENT INFORMATION ELEMENTS (10.3.3)

--

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

[…..]

UE-SpecificCapabilityInformation-LCRTDD ::=
ENUMERATED {












nF,













nFMc-TriRx-UniTx,













nFMc-TriRx-TriTx,













nFMc-HexRx-UniTx,













nFMc-HexRx-TriTx,













nFMc-HexRx-HexTx,













spare10,













spare9,













spare8,













spare7,













spare6,













spare5,













spare4,













spare3,













spare2,













spare1 }
UpperLayerReleaseCause ::=


ENUMERATED { 










UE-Requested-PS-Data-session-end, 










T3310expiry, 










T3330expiry, 










T3340expiry }

URA-UpdateCause ::=




ENUMERATED { 











changeOfURA, 











periodicURAUpdate, 











dummy,











spare1 }

UTRAN-DRX-CycleLengthCoefficient ::= INTEGER (3..9)

UTRAN-DRX-CycleLengthCoefficient2 ::= INTEGER (3..9)

WaitTime ::=





INTEGER (0..15)
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