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1 Introduction

In the paper [2] we proposed UE-supported configuration of DRX. There were some discussion and relevant comments on our paper. To further clarify open issues of the proposed scheme we here give some examples of how UE assisted configuration could be used.

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 UE proposes DRX parameter settings.
Although the UE has information on what kind of DRX performance that it needs it is not a good idea to allow the UE to on its own suggest settings. 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 the system load, DRX settings of other UEs, etc. It is likely that if the UE were allowed suggest settings those would not have been tested by the network. Further, 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 assigns it to the UE, e.g. during RRC Connection Setup or Reconfiguration. In addition to that configuration, the network provides a list of DRX parameter 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 its choice 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. 

The benefit of this proposed addition to the current standard is that the network may provide the UE with a selection of parameter configurations, tested in the network and known to perform well, that the UE can choose from and thereby 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.  The primary benefit of such functionality is that the UE power consumption can be adapted to the current situation in a better way than a “one size fits all” type of configuration. If a particular application requires low latency, this can be handled with a suitable configuration with short DRX cycles. Most probably, the asked for configurations will be aimed at reducing power consumption in the UE, such as when the only active applications transmit occasional status updates that are not particularly latency sensitive.
Since the user may switch between applications occasionally there will 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. Note that the network may 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.
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.
3 Examples
In order to demonstrate the benefits of UE-supported configurations of DRX we here present a number of examples where UE assisted DRX configuration may help improve end user experience and UE performance. The power consumption in the UE can be assumed to vary linearly with the active-time. Decreasing the energy consumption by increasing the DRX cycle comes with a cost of prolonged 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. The effects of the DRX cycle on power consumption and delay are further demonstrated in Figure 1 where different configurations of DRX are displayed as functions of average UE power consumption and transmission delay.

3.1 Example 1: UE proposes DRX long cycle period to reduce power consumption.
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Figure 1: Relation between transmission delay, power consumption and DRX cycle length for IM traffic. Different lines represent settings of “RRC inactivity timer”.
Let’s assume the following scenario: The UE knows that the battery level is low. Power consumption can be reduced by configuring a longer DRX cycle. Using a longer DRX cycle has a cost, namely increased latency. Interesting questions that arise here could be about who should decide if battery is more important than latency. Is this decision taken based on a user configuration in the UE? Assuming that there is a configuration for saving battery there could be a threshold that when reached would prompt the UE to request another (DRX) configuration to ensure continued operation. But then again there are probably many cases where the user knows better what kind of profile that is required now and in the near future. E.g. what if the user knows that for the next couple of hours he/she will not have access to a power outlet; he/she wants to use his/her phone and can do that with lower performance (similar to the settings on most laptops). The “current solution” to this problem for many users is that when they notice that battery level is low, the users manually reconfigures the UE from 3G access to 2G. Hence, manual predefined configuration options may be possible.
In most cases the screen goes black after some time if there is no user interaction. Usually a black screen is connected to less data transfer or at least less latency craving applications. Hence, it could be a good idea to have the UE ask for a configuration with longer DRX cycle when the UE screen has been black for some predefined time. This request for DRX configuration does not require any interaction from the user.

When there is no more data in higher layers the UE has an opportunity to reduce power consumption. Assuming that there is a method to know when this happens the UE could request a configuration with longer DRX cycles. This is related to the above example with black screen but there may be reasons for why the screen is on while no data is being exchanged. From the description for Signalling Connection Release Indicator in TS25.331, there appears to be a trigger from the upper layer which is may be available on the RRC layer. This trigger could be used to inform the UE, which in turn then could suggest to the eNB a change of DRX configuration.

Assuming the UE runs many simultaneous applications there should be some method to limit the number of requests for changes to the DRX cycle. One method would be to use a timer, such as the T323 timer in UMTS that while running prevents further UL indications.

In an extreme scenario the UE is connected to a charger. With this information, possibly, together with knowledge of current application and data exchange activity the UE could request no DRX at all, since battery is not a problem. This would benefit the scheduling flexibility in the eNB (since the UE can be scheduled at almost any point in time) and of course also the delay would go down even further
3.2 Example 2: UE proposes DRX configuration for minimum latency

If a user is about to play a highly interactive on-line game, latency cannot be too long. Actually latency should be a short as possible for maximum gaming performance and the UE would request a suitable DRX cycle from the eNB (perhaps no DRX at all). If there is a “gaming bearer” with a defined QCI it would include configurations for best user experience. But if the only possibility is to run the game over a best effort bearer, how would the UE know that minimum latency is needed? It is possible that the UE would recognize the application. Another way to obtain the information would be that the user configured the UE for high performance (low latency). Then according to the above proposal for DRX reconfiguration, if the eNB has proposed an option for low latency, the UE requests this option.
4 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.

Although the mechanisms for UE assisted DRX configuration exist and there are several examples that show how this can be executed, some questions remain to be solved. Such as how much control over such functions should be given to the UE (screen), the application (games) and/or the user. 
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