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1 Introduction

With the advent of smartphones user behavior has changed from occasional voice calls and SMS to an “always-on” type of behavior. This adds strain on the battery due to much increased power consumption in the UE. There are different methods in LTE to limit the power consumption in the UE; one such method being discontinuous reception (DRX). In this paper we discuss DRX in general and suggest an improvement to how DRX is to be used. With the suggested change the UE performance will improve, i.e. from a user perspective. 
2 Discussion
In LTE the radio network configures the UE according to the RRC protocol specification (3GPP TS 36. 331). It is up to the network to choose suitable parameter values in order to reach the desired performance, network capacity or coverage. For many of those parameters the network is able to choose a reasonable value without additional information from the UE. For other parameters or decisions the UE provides the network with explicit information, such as radio measurements, that allows the network to decide, e.g. on whether to perform a handover, to configure another transmission mode or to add a secondary serving cell. 
2.1 Background
The 3GPP specifications for LTE specify procedures for discontinuous reception (DRX), see schematic in Figure 1, which are meant to enable UE power savings and conserve battery power. The phone device may for lengthy and reoccurring periods disable its receiver and just discontinuously listen to the downlink channels during short phases. DRX is applied both in RRC_IDLE and in RRC_CONNECTED.
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Figure 1: DRX Cycle
The on-duration and inactivity-timer(s) are of fixed but configurable lengths, while the active-time is of varying lengths based on scheduling decisions and UE decoding success. The RRC layer in eNB configures the DRX operation in either of two DRX schemes. The basic scheme is such that the cyclic DRX pattern does only occur in one variant. The other (optional) DRX scheme features two modes of operation, Short DRX and Long DRX, i.e. a scheme in which initially a short and faster cyclic pattern occurs that changes to a longer cycle after a sufficiently long time of inactivity; measured by the inactivity timer. There is only one timer for on-duration regardless of DRX configuration. 

The power consumption in the UE can be assumed to vary linearly with the active-time. However, decreasing the energy consumption by increasing the DRX cycle comes with a cost as increasing power saving gains will mean prolonging the wake-up delay (i.e. increasing latency for network initiated transactions). The performance of all delay sensitive applications (also network initiated control procedures) will degrade as the length of each regular DRX sleep increases. Another function that is affected is handover. The impact of DRX on the handover performance is primarily due to that the measurement frequency decreases with increasing DRX cycles. Therefore, the UE may loose connectivity to its serving cell while in DRX.
The effect of the wake up delay is further demonstrated in Figure 2 where different configurations of DRX and time until RRC connection release are displayed as functions of average UE power consumption and latency for network initiated transactions (denoted delay in the figure).
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Figure 2: Relation between power consumption and (wake-up) delay. The different curves refer to settings of time between end of last packet until RRC connection release. 
2.2 UE selects DRX parameter settings.
The existing RRC protocol defined in 3GPP TS 36.331 does not allow the UE to suggest or recommend radio parameters to the network. In certain cases (e.g. for the DRX configurations mentioned above) this may result in inferior performance or unnecessarily high battery consumption. A UE aiming to improve battery life-time could request the network to configure long sleep-intervals interrupted by only short OnDurations. Another UE may put focus on low latency and therefore appreciate a configuration with shorter sleep intervals.
Although the UE has the information on what kind of DRX performance that it needs it is not a good idea to allow the UE to suggest settings for the network to apply. The most important reason for this is that the network knows what settings are possible and work well in the current network deployment. Also the network knows the general status of the network, such as system load, DRX settings applied by other UEs, etc. It is likely that if the UE were allowed to suggest settings those settings would not have been tested by the network, it would make parameter alignment between UEs difficult; potentially resulting in the system not performing at its best when scheduling UEs and allocating control channels.
We propose that the network remains in control of DRX settings and that the network can use information from the UE in the process of setting DRX parameters. To begin with the network chooses a default configuration and applies it to the UE, e.g. during RRC Connection Reconfiguration. In addition to that configuration, the network provides a list of options (e.g. containing a list of "drx-Config" IEs). It is important that the list of options or parameter sets provided by the network have been thoroughly tested to ensure that the network will work well with all of them. 

After having applied the initial configuration, the UE may select one of these offered configuration options and signal it to the network. The signaling may be triggered by the UE at any point in time (e.g. when the traffic pattern changes), e.g. by sending a message in RRC or in MAC (e.g. only the index of the option in a new MAC CE). If the UE does not provide a preference, the network continues to use the default configuration unless, of course, there is some other reason to change settings. 
Since the user may switch between applications occasionally there will be most likely be a need to reconfigure the DRX configuration. Hence, every time the UE provides a new configuration option the network evaluates if it is able to configure the UE according to the requested new settings. The decision is based on, e.g., current network load, whether the suggestion matches/fits the observed traffic pattern (e.g. to compensate for bad UE implementations, possibly harming the network) and if the requested settings fulfill network requirements, an RRC Connection Reconfiguration with the updated DRX configuration is sent to the UE.

Proposal 1 Allow the UE to indicate a preferred set of DRX parameter settings from a set of configurations offered by the network.

Proposal 2 The network may (or may not) apply the indicated DRX parameter settings by performing an RRC Connection Reconfiguration.
The benefit of this proposed addition to the current standard is that the network may provide a set of parameter configurations that have been tested in the network and that are known to perform well. At the same time, it allows the UE to influence the network's configuration choice. The UE may perform its choice based on, e.g., measurements on L2 (such as characteristics of IP packets entering the L2 SDU buffer), input from higher layers, e.g. via APIs used by application designers or from a display driver indicating that the display has been turned off. It should be noted that it does not need to be specified how the UE chooses its preference or whether it chooses anything at all. And it should be noted that the network may also provide no or just one option thereby indicating to the UE that it has no choice but accepting the configuration in the RRC Connection Reconfiguration IE. 
3 Conclusion
The existing RRC protocol defined in 3GPP TS 36.331 does not allow the UE to suggest or recommend radio parameters to the network. In certain cases (e.g. for the DRX configuration mentioned above) this may result in inferior performance or unnecessarily high battery consumption. A UE aiming to improve battery life-time could request the network to configure long sleep-intervals interrupted by only short OnDurations. Some UEs may want to have a long continuous active time by having a long drx-InactivityTimer. Another UE may put focus on low latency and therefore appreciate a configuration with shorter sleep intervals.
Based on the discussion in section 2 we propose the following:

Proposal 1
Allow the UE to indicate a preferred set of DRX parameter settings from a set of configurations offered by the network.
Proposal 2
The network may (or may not) apply the indicated DRX parameter settings by performing an RRC Connection Reconfiguration.
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