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1. Introduction

In UMTS, a Fast Dormancy procedure has been adopted enabling the UE to request a more battery efficient state from the network. Whilst the introduction of faster and more efficient idle-to-active transitions in LTE does help in reducing signalling loads and user plane latencies, a return from continuous reception in RRC connected state to a more battery-efficient state such as long DRX or idle is still fundamentally an inactivity-timer driven process. As such, from a power consumption perspective, similar issues to those experienced in UMTS will continue to exist in LTE networks, and will likely increase significantly with the increased adoption of data intensive applications.  We therefore support the proposal to study fast dormancy and its application to LTE.  
One of the targeted design aims for EPS was that the UE battery performance for LTE RRC_Connected should be the same as for RRC_Idle. To ensure this requirement is met, it seems essential that any unnecessary and ultimately battery inefficient tasks such as transmitting and receiving are minimised during periods of inactivity.

2. Discussion
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.

Fast Dormancy as introduced for UMTS, enables these devices to signal to the network when they have a high degree of certainty that the data transfer is complete, and also enables the network to reconfigure the device to RRC URA/CELL_PCH state in order to maintain the RRC connection to reduce the latency and minimise network signalling when the device re-establishes data transfer for new packet data.

For LTE the latency for establishing an RRC connection is designed to be much faster compared to UMTS and as such may not be considered to be problematic. However, the RRC connection release and re-establishment signalling necessary in order to cease/resume data transfer continues to represent a significant overhead for small data transfers and could therefore be considered more of an issue.

As previously identified [1], [2] it is desirable to minimise the signalling load that results from frequent connection establishments. Therefore it seems reasonable to expect that in LTE, UE’s which are stationary, or with very low mobility, and which transfer regular amounts of data would preferably be kept in RRC_Connected for long periods in order to minimize the impact of this signalling load, despite the much improved latency associated with the transition from RRC_Idle. For UEs that are moving, it may be preferable to move them to the idle state due to the signalling overhead associated with their mobility.
Proposal 1: 
It is desirable to minimize network signalling load

Proposal 2: 
It would be desirable to keep devices in RRC_Connected to reduce network signalling load on the (re) establishment of data transfer

In considering the battery performance in RRC_Connected mode for an inactive UE and its relative efficiency compared to RRC_IDLE it is necessary to examine the configured behavioural differences between the two states. In particular investigation of aspects such as DRX cycle length and its configured on-duration and the associated signalling for link and synchronisation maintenance should be studied.

DRX settings

In UMTS it was often claimed that connected state URA_PCH had similar power consumption to IDLE mode. Where URA_PCH is available, use of non-aligned DRX cycle lengths between this and IDLE mode has a large impact on UE battery consumption. Experience in UMTS shows that a variation in DRX cycle length of a factor of two (DRX cycle length=5 (320ms) compared to DRX cycle length=6 (640ms)) can equate to a typical decrease in battery lifetime of between 15-30% depending on device activity.

In LTE similar claims regarding the comparable power efficiencies of RRC_CONNECTED and RRC_IDLE state have been made but clearly these will depend on the RRC_CONNECTED state configuration. 

LTE has only two RRC states (RRC_CONNECTED and RRC_IDLE) compared to UMTS with its four (DCH, FACH, CELL_PCH and URA_PCH). However LTE_CONNECTED does have support for two DRX settings, short DRX and long DRX, and RRC_IDLE also has a single DRX configuration.  

Clearly, as with UMTS, in order to try to have similar UE battery efficiency between RRC_CONNECTED and RRC_IDLE states there needs to be alignment in the DRX configurations. Lengthening the DRX cycle duration optimises the battery life of the UE at the cost of UE responsiveness when the network needs to contact it.  

In order to maximise the UE battery performance it is desirable that that the network can configure the UE in RRC_Connected with a longDRX-cycle length as long as possible, and ideally it would be aligned with the RRC_Idle DRX cycle length. Whilst such configuration possibilities do exist, this would mean some degree of latency in re-establishing new data transfer, so it also seems essential that the short DRX cycle is supported in the network and set to a cycle length sufficient for quick data transmission resumption if necessary, and with a sufficient duration (drxShortCycleTimer) so that ongoing data transfer or successive packet session transfer is not adversely affected.
Proposal 3: 
In order to not adversely impact UE battery performance the RRC_Connected longDRX-cycle length should be maximised and ideally aligned with RRC_Idle DRX cycle length

Proposal 4: 
Networks should support the short DRX cycle in addition to the long DRX cycle

Proposal 5: 
The setting of the shortDRX-cycle length and associated  drxShortCycleTimer should be configured with care for the continuation of data transfer 
As indicated in [3] for services on a device which are capable of determining with a high degree of reliability that they have concluded a data session, then in order to maximize the battery performance these devices could indicate to the E-UTRAN that data transmission has been completed. This could enable the network to curtail any further active transmission and reception (without associated data) that would otherwise result from the use of inactivity timers. Such an indication could be similar to that used in [4] such as a “no more data for a prolonged period” indication. It can be noted that these types of services are not time critical, that is they can tolerate slight latency increase caused by waiting for a scheduling message in the “on duration” of the long DRX cycle compared to the short DRX cycle. 

Therefore it would be desirable that on receipt of such a “no more data for a prolonged period” indication the network would optimally transition the UE to RRC_Connected with a longDRX-cycle configuration in order to maximise battery efficiency and minimise any associated network load from reestablishment of new data transfer. Of course the option for the eNB to move the UE to RRC Idle on receipt of such an indication is still available and this may be more appropriate for UEs with high mobility.
Proposal 6: 
UE should support an indication to E-UTRAN for explicit transition to long DRX, when it knows that it has “no more data for a prolonged period”
Uplink Channel status reporting

Another aspect of LTE RRC CONNECTED mode configuration to consider is that of 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). 

By placing the UE in RRC_Connected with a longDRX cycle in response to a UE requested transition due to no more data transfer then the UE minimizes its Active Time, as such it maximizes further potential power savings by refraining from transmission of CQI/PMI/RI on PUCCH and SRS.

3. Conclusion

Proposal 1: 
It is desirable to minimise network signalling load

Proposal 2: 
It would be desirable to keep devices in RRC_Connected to reduce network signalling load on the (re) establishment of data transfer

Proposal 3: 
In order to not adversely impact UE battery performance the RRC_Connected longDRX-cycle length should be maximised and ideally aligned with RRC_Idle DRX cycle length

Proposal 4: 
Networks should support the shortDRX-cycle in addition to the long DRX cycle length

Proposal 5: 
The setting of the shortDRX-cycle length and associated drxShortCycleTimer should be optimized to ensure small latency for continuation of data services

Proposal 6: 
UE should support an indication to E-UTRAN for explicit transition to long DRX, when it knows that it has “no more data for a prolonged period”
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