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1. Introduction

Several papers, e.g. [1], [2], [3] have discussed the relationship that exists between power saving through UE DRX, and the effects on latency, QoS, and user experience.  As is well understood, increasing the overall proportion of sub-frames for which the UE is allowed to sleep naturally provides better power savings but at the expense of an increased risk of data transmission latency over the Uu interface.

Some of these papers have quantified the effects of different DRX configurations numerically in terms of the occurrence or frequency of latency events, whilst others have evaluated more subjective impacts to the user experience (such as the playability of games in [3]).
As outlined in [4] the architecture currently used in EPC and E-UTRAN to provide differentiated QoS is based on the principle that each EPS bearer carries traffic that will receive a common QoS treatment.  That is, the provision of different QoS requires the use of multiple EPS bearers:
{Extract, 23.401}
An EPS bearer uniquely identifies traffic flows that receive a common QoS treatment between a UE and a PDN GW for GTP-based S5/S8, and between UE and Serving GW for PMIP-based S5/S8.

Whilst there is a clear and demonstrated relationship between the DRX configuration and the resulting user-experience/QoS, it remains the case that in the current LTE system, DRX is only configured on a per-UE basis.  This semi-static configuration usually occurs during RRC connection setup procedures and typically remains unchanged for the duration of the stay in connected mode:

· RRCConnectionReconfiguration



· radioResourceConfigDedicated


· mac-MainConfig


· drx-Config

As mentioned in the DDA WID [5], and as further noted in other documents such as [6], traffic profiles of today’s devices may cause the UE to be held in connected mode for extended periods of time.  The nature of the traffic may also vary considerably during a connected mode stay.  For example, a social networking application may generate latency-tolerant background traffic whilst there is little or no user interaction with the device, yet latency requirements are likely to become significantly more stringent whenever there is active user interaction with the device and when transfer of non-background data content takes place.
In this scenario, and to accommodate this variation in traffic, the DRX configuration must be adapted within the lifetime of an RRC connection in order to adjust the trade-off between battery saving and QoS as-needed.  If the DRX configuration is not adapted (i.e. the same DRX configuration is used throughout the lifetime of an RRC connection), there will be times when the UE expends more energy than is necessary (i.e. has “too-good” QoS), or times when the QoS falls short of the current service or user requirement.  In both cases, the user experience is degraded, with either the observed QoS being poor or the device having a reduced battery lifetime.
Within the current QoS architecture, traffic with differing latency requirements would be mapped to different radio bearers, hence as part of the DDA WI, it would seem appropriate to determine whether DRX configurations should be better integrated with this QoS architecture, e.g. provided more on a per-radio-bearer basis rather than on only a per-UE basis.  The case wherein multiple radio bearers are simultaneously active also needs to be considered and here a simplistic approach is to use the DRX configuration for the most demanding latency requirement.
The use of DRX configurations that are more closely associated with EPS or radio bearer QoS may help to ensure that the system is responsive to time-varying application and device needs.  It may also encourage the wider use of adaptive DRX configurations within network deployments and provide operators with more consistency and better control/management of desired end-to-end QoS, rather than relying solely on eNB implementation.
2. Conclusion

· Proposal 1:  The existing per-EPS-bearer QoS architecture should be closely related to the UE’s DRX configuration within the RAN.
· Proposal 2:  The DDA WI should consider and evaluate mechanisms by which this improved integration and performance may be achieved.
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