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1. Introduction

The number and variety of mobile devices is continually increasing as is the range of services and applications supported by these devices.  Many of the applications and services use acknowledged data delivery and as such the UE can reliably know when it no longer requires the assigned resources, and can inform the network of this.   Releasing unused resources helps preserve the UE’s battery and improve network capacity.
In UMTS, in order to address these issues the Fast Dormancy procedure was adopted.  This procedure enables the UE to request a more battery efficient state from the network. As these issues will continue to exist in LTE networks, and will likely increase significantly with the increased adoption of data intensive applications, we support the proposal to study fast dormancy and its application in LTE, as in [1].  
2. Discussion
In UMTS it was often claimed that connected state URA_PCH had similar power consumption to IDLE mode.  In reality, URA_PCH is not widely deployed and only CELL_PCH state is available.  Where URA_PCH is available, non-aligned DRX cycle lengths between this state and IDLE mode means that keeping the UE in URA_PCH instead of IDLE does have a large impact on UE battery consumption. 
To improve UE battery life, a technique evolved whereby the UE used the Signalling Connection Release Indication message as a means to transition to a more power efficient RRC state, e.g. from CELL_DCH or CELL_FACH to IDLE.  The UE battery saving is significant, however indiscriminant use of this technique can have a poor impact on network signalling loads and has an increased latency when new data transmissions are required.
To prevent overuse of this technique by the UE, Fast Dormancy was introduced into Release-8 UTRAN. This feature enhanced the Signalling Connection Release Indication message by adding a cause value to indicate when the SCRI is being used by the UE to request a state transition to a more battery efficient state. Additionally, the frequency of any such UE requests has been limited. 

In LTE similar claims regarding the similarity in power performance of RRC_CONNECTED state and IDLE mode have been made but clearly these will depend on the RRC_CONNECTED state configuration. 
The following sections highlight some aspects of LTE we believe should be considered when evaluating the impact of keeping the UE in RRC_CONNECTED state.  Understanding these aspects can help determine how and when the UE can utilise its unique information regarding the completion of active data transfer, to reduce the impact on its battery.
DRX settings

Lengthening the DRX cycle duration optimizes battery life in the UE at the cost of UE responsiveness when the network needs to contact it.  As with UMTS, there needs to be alignment in DRX configurations between RRC_CONNECTED and IDLE modes in LTE for these states to have similar UE battery efficiency. With no specified requirements regarding these DRX settings clearly the impact of non aligned configurations needs to be considered. 
LTE mobility control
For a UE in IDLE mode, mobility is autonomous and the UE only needs to report to the network when it crosses a tracking area boundary.  Generally a UE maintained in RRC_CONNECTED mode however, may be required to perform and report measurements. In particular connected mode mobility is managed on a cell by cell basis, therefore as UEs approach cell edges, neighbor cell measurements and reporting may be required. Similarly if a UE is in close proximity to a CSG cell whose identity is stored in its white list, mobility related measurements will be required.  
Any uplink transmissions will have a sizeable impact on UE power consumption therefore these mobility related requirements can have a significant impact on UE battery efficiency for a UE in RRC_CONNECTED mode compared to the same UE in IDLE mode, even with the DRX settings aligned.
Uplink Channel status reporting

Another aspect of LTE RRC CONNECTED mode configuration to consider is the uplink transmissions required for possible ongoing data transmission. These include signalling for channel status reporting and means for providing maintenance of the Timing Advance for uplink access. Specifically the network assigned RRC_CONNECTED configuration may require continued transmission of CQI (channel quality indicator), PMI (precoding matrix indicator), RI (rank indicator) and SRS (sounding reference signal). 

The ongoing use of these uplink control parameters can be governed by explicit network signalling or by use of network configured timers.  Uplink transmissions will have a sizeable impact on UE power consumption for a UE in RRC_CONNECTED mode compared to the same UE in IDLE mode, particularly where these transmissions are not required.  Unnecessary transmissions should be minimized and evaluation of the impact of the network configured timer settings should be carried out.
Latency and signalling when new data transmissions are required
In LTE the latency when transitioning from IDLE mode to RRC_CONNECTED mode is greatly reduced when compared to UMTS and this aspect is a lesser factor for concern in LTE. However, the signalling load when new data transmissions are required would still be greater for a UE transitioning from IDLE mode compared to a UE transitioning from RRC_CONNECTED mode. 

Other considerations
Actions taken by a UE to minimize battery consumption must maintain synchronization of the UE state and configuration with the network, to ensure that the UE is contactable.  Unilateral reconfiguration by the UE leading to the network being unable to contact the UE should be avoided.
The adoption of any solution should be possible within the TEI10 work item.  Any solutions should be confined to the radio protocol, and as such it is envisaged that it can be completed solely within RAN2.
3. Conclusion

As discussed above there are a number of factors which influence whether it is preferable for a UE that knows it has no more data to transfer, to remain in RRC_CONNECTED mode or to be moved to IDLE mode. 
Proposal 1. We therefore propose that RAN2 should evaluate for LTE the factors which influence the UE power consumption in RRC_CONNECTED compared to IDLE in order to determine whether a Fast Dormancy solution should be adopted in LTE. 
Proposal 2. If a Fast Dormancy solution should be adopted in LTE, any such solution should be based on a synchronized state transition, and not be a unilateral UE transition without network knowledge.
Proposal 3. Work should be carried out within RAN2 under TEI10 work item, with the aim to complete within release-10.
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