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1 Introduction

New applications for smartphones are characterized by extremely more various traffic profiles than traditional UEs. This is because eDDA applications, such as IM traffic, could cause traffic with or without user interaction. So data transmission could happen at any time, and this requires the UEs to be “always-on” at the expense of more power consumption. As a result, methods should be investigated to limit the power consumption as much as possible.
2 Discussion
Discontinuous reception (DRX) mechanism is an effective method to control the power consumption for traditional UEs and it is also a potential method for eDDA applications. But in current radio networks, DRX parameters are configured by the eNodeB, even if the eNodeB has insufficient knowledge about the UE behaviors, so that DRX configurations may only have limited effect on power saving for eDDA applications.
2.1 Is UE assistance info enough to help achieving suitable DRX configuration?
During the last meeting, a method which focused on the role of UEs in the optimization of eDDA applications was proposed. The core idea of the method is that the UEs should assist the network to perform its RRM functions [1].
According to this method, the UE could supply traffic characteristics related information, such as the packet inter-arrival time (IAT), to the eNodeB for DRX configuration. With this kind of information the eNodeB could have sufficient knowledge about the traffic characteristics so that it could adopt more suitable DRX parameters configurations to help limit the UE power consumption.

But there are still some problems with this method. For instance, the average IAT provides important information to describe the traffic characteristics, but it is not sufficient. Traffic types with periodic or quasi-periodic characteristics can exhibit a completely different behaviour with respect to aperiodic traffic, such as IM, even if they share the same average IAT. So, if a set of DRX parameters are configured by the eNodeB (with a semi-static configuration) based on a given IAT, the periodic or quasi-periodic traffic types will fit the DRX configuration well, while for aperiodic traffic types the performance could be quite bad, as presented in Figure 2.1.1.
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Figure 2.2.1 Uplink data packets arrive when DRX is in use
Table 2.1.1 shows the percentage of packet arrival times fitting the DRX configuration, assuming to configure the DRX cycle based on the average IAT. For the simulations, traces and packet IATs from TR 36.822 [2] are considered. The runtime of the evaluation is 2,000 seconds, with the assumption that the DRX cycle is the same as the average IAT, and with 4 different on-duration values.

Table 2.1.1 
	Trace ID
	Average IAT (s)
	DRX configuration
	Packet arrival times fitting DRX configuration (%)

	
	
	DRX Cycle
	On duration Timer
(1/N of the DRX cycle) 
	

	43
	3.27
	Same with Average IAT
	1/5
	21.94

	
	
	
	1/4
	25.45

	
	
	
	1/3
	34.70

	
	
	
	1/2
	47.06


From the simulation results in Table 2.1.1, it can be seen that a big part of the packets fail to fit with DRX due to the randomization characteristics and the unpredictable human behaviour of IM traffic, even the DRX values are configured based on the average IAT information. This would lead to extra SRs which would cause extra power consumption. 
Considering that DRX is a kind of semi-static mechanism, it’s quite hard to make it fit well with traffic types that have highly random characteristics. Further enhancements should be considered to let DRX mechanisms to fit these complex traffic types. For instance, other assistance information besides average IAT could be taken into account, including packet delay statistics and packet type, as discussed in [3].
Observation 1: Average packet IAT is not enough to support the eNodeB to achieve suitable DRX configurations. 
2.2 Enhancement for DRX
From the packet IAT CDFs in TR 36.822, it can be seen that most of the packet IATs are relatively large and this also suggests that most of the data packets could bear a relatively long delay. If the UE could obtain the packet delay information and the information indicates that the packets could experience long delays corresponding to the DRX cycle, the UE could decide to postpone the transmission of SR due to such packets until the next on duration time. 
With this method, the UE could take advantage of the original on duration period to monitor the PDCCH for UL grants, thus relatively reducing the number of PDCCH-monitoring TTIs and avoiding unnecessary extra power consumption. And although this method would lead to some extra latency for uplink data packet transmission, this should be tolerable considering that DRX would also cause latency to downlink data packet transmission.
Proposal 1: UEs in inactive status can delay UL transmission of delay tolerant packets to the next on duration period, according to the DRX configuration.
Although the arriving packets could fit the DRX configuration very well with the assistance information and the enhancement proposed in “Proposal 1”, there is still the risk of unnecessary extra power consumption. In fact, with the current DRX mechanism, if the PDCCH indicates a new transmission (downlink or uplink) the UE should start or restart the drx-Inactivity timer and monitor the PDCCH. Considering that most of the data packets for eDDA applications are small enough to be transmitted within one or two subframes, and that the packet inter-arrival time is relatively large, it could definitely lead to extra power consumption if the UE continues to monitor the PDCCH for several subframes after the uplink or downlink data transmission has been finished.
Observation 2: Current DRX mechanism could also cause extra power consumption for eDDA applications.
When transmitting a downlink packet, the eNodeB could be aware of whether there are further downlink packets, and it could also estimate whether there could be an uplink data packet according to the UE-supplied information. So the eNodeB could demand the UE to enter the long DRX cycle quickly, ignoring the short DRX cycle (when both the short cycle DRX and long cycle DRX are used) if it expects that there won’t be any uplink or downlink packets. With this solution, the UE could avoid monitoring the PDCCH when the data transmission has finished and then minimize power consumption.
Proposal 2: The eNB could demand the UE to enter long DRX cycle quickly in case the eNB knows there are no subsequent UL/DL packets.
3 Conclusion
In this contribution some observations on the expected behaviour of DRX procedures for eDDA applications, as well as some proposal to increase the expected performance are made.

Observation 1: Average packet IAT is not enough to support the eNodeB to achieve suitable DRX configurations. 
Observation 2: Current DRX mechanism could also cause extra power consumption for eDDA applications.

Proposal 1: UEs in inactive status can delay UL transmission of delay tolerant packets to the next on duration period, according to the DRX configuration.

Proposal 2: The eNB could demand the UE to enter long DRX cycle quickly in case the eNB knows there are no subsequent UL/DL packets.
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