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1. Introduction

In the UMTS Downlink Enhancements Rel-13 Study Item, proposals for enhancing RRC state transitions have been discussed and are reflected in TR 25.706 [3]. The corresponding work item was updated in [4] at RAN #69.
The present contribution outlines the key principles of Fast Dormancy and presents an enhanced state transition method using the Signalling Connection Release Indication RRC message and a RRC layer handshake between the UE and the network.
2. Fast Dormancy motivations and principles
For a UE in UMTS mode, the battery consumption ratio between the least power hungry state (i.e. IDLE) and the most energy consuming state (Cell_DCH) may be in the order of 1:100 - see [1].
The concept of Fast Dormancy refers to a method where the UE initiates a transition to a less battery demanding RRC state when a data transfer has ended. The transition is initiated via the Signalling Connection Release Indication (SCRI) procedure [2] when no application at the UE is expected to exchange data in the upcoming time period. Triggers for initiating the procedure are left to UE implementation and may take into account various factors such as the state of the device or of higher layer / application protocols.
To identify the SCRI as a state transition request, the SCRI message was enhanced in Release 8 with the introduction of a cause Information Element and the definition of the "UE Requested PS Data session end" cause value. On receiving the SCRI message with this cause value, the RNC can reconfigure the UE to a more power-efficient state.
Release 8 Fast Dormancy significantly increases the UE battery lifetime and reduces network resource usage by enabling fast transitions to more power-efficient states as soon as pertinent conditions are determined by the UE, without being maintained in a higher power state until the expiry of a network-specific inactivity timer.
3. Enhanced state transition based on Fast Dormancy
An objective of the work item [4] is to optimise signalling for state transitions.  Different solutions have been investigated during the study item phase and documented in [3]. One of the proposed concepts further analysed in [5] is based on the Fast Dormancy procedure, the RRC SCRI message being used to inform the network of an imminent state change at the UE.

In the existing Fast Dormancy procedure, the network is ultimately in control of the UE’s state transition.  That is, subsequent to sending the SCRI-with-cause, the UE awaits further instructions from the network (e.g. RADIO BEARER RECONFIGURATION message, etc.).  The need for such a "go ahead" from the network (i.e. a "handshake" model) has also been documented in TR [3], in particular to address robustness concerns in case of race conditions when state change procedures are initiated concurrently at the network and at the UE - see also [6].
It is therefore proposed to build on the principles explored in [5] with the introduction of a RRC-layer handshake in accordance with the work item objectives, as depicted in Figure 1 below.
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Figure 1: enhanced state transition procedure
In this procedure, the network responds to the SCRI message with a (new) SCRI CONFIRM message (the name is illustrative) by the RNC for indicating to the UE that it can proceed with the expected state transition. This new message should be of minimum size (typically only comprising the message type), and in any case much smaller than a reconfiguration message, hence achieving significant signalling efficiency gains. Additionally or alternatively, the SCRI CONFIRM or the SCRI itself may convey a target state and / or a predefined configuration identity [3].
The RRC handshake allows the network to proceed with the state change initiated by the UE in a coordinated manner, thereby ensuring continued robustness per Rel-8. 
Alternatively, in the case the pre-configured target state is not appropriate (e.g. impending downlink data transfer, etc.), the network may decide to deny the request or to initiate an explicit reconfiguration as with the legacy Fast Dormancy procedure.
The proposed enhanced state transition procedure would therefore preserve the benefits of - and coexist with - the widely used Fast Dormancy procedure in accordance with carriers' expectations to limit the signalling load in their networks.
Proposal 1:  RAN 2 to adopt an enhanced state transition procedure based on an RRC layer handshake using SRCI and RRC confirmation messages, as depicted in Figure 1.
4. Conclusion and recommendations
The present contribution addresses the "L2/L3 Downlink enhancements for UMTS" WID objective (5): "State transition enhancements. Identified solution is based on RRC layer handshake" and identified robustness concerns. The following proposal is made:

Proposal 1:  RAN 2 to adopt an enhanced state transition procedure based on an RRC layer handshake using SRCI and RRC confirmation messages, as depicted in Figure 1.
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