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1. Introduction 

In this paper, we present simulation results showing latency and power consumption performance of a user equipment (UE) capable of switching DRX configurations when running background and active traffic. Although it is clear that the same DRX parameters may not be suitable for different types of applications due to different traffic characteristics and requirements, it is imperative to study and evaluate the performance for outlining a baseline. The background application traffic used in the simulation is derived from the traffic trace measurements conducted previously for the eDDA WI [1].
In RAN2 77# meeting chair notes, the following observation is made: 

“Assistant information provided by the UE to the network is considered useful but further discussion is required to decide e.g. which information should be provided. Cases where multiple applications are running on a smartphone should be taken into account. Resulting signalling overhead should be taken into account.”
The goal of this paper is to validate the importance of choosing appropriate DRX parameters for different types of applications in the UE to help considerably decrease the power consumption and meet different latency requirements. We compared UE’s performance while running background application traces and a different active application using the same DRX configuration and different suitable DRX configurations to evaluate the performance.
2. DRX Switching Framework

DRX in RRC_Connected state is defined to help reduce UE power consumption. The DRX parameters are configured by the network and it is enabled at per UE level. In TR 36.822, UE power consumption and latency (a user visible metric) are classified as some of the output metrics of interest.  

Applications such as social networking, background traffic and IM traffic usually do not have low latency requirements and hence may need DRX parameters setting to maximize the UE power saving, while real time applications like video streaming and gaming may require DRX parameters setting to optimize the latency. Since a UE can run various kinds of applications over time, use of a single set of DRX parameters all the time does not seem to be reasonable to achieve maximum benefit from the DRX functionality. In this paper, we explore the benefits and challenges related to the use of different sets of DRX parameters. In case of multiple DRX parameters sets, most favourable DRX parameters set at any time can be selected based on the current information such as applications running at UE, network conditions and UE battery power remaining.

In this paper, we investigate and show the importance of DRX switching in context of UEs running different applications over the time. We assume that the user always remains in RRC connected mode (no RRC Idle mode) and will directly enter long DRX after the DRX inactivity timer expiry as shown in Figure 1. We use long DRX cycle and DRX cycle interchangeably throughout rest of the paper as we do not consider short DRX cycle in the simulation. We refer to DRX opportunity as mentioned in [2] as DRX sleep [3] in this paper. We assume that different sets of DRX parameters are available at the E-UTRAN for every UE. In addition, we assume that there exists an efficient mechanism by which the UE and eNB negotiate the DRX parameters [4].   
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Figure 1: UE states based on DRX cycle and traffic activity (DRX retransmission timer is not shown)
2.1 Simulation Overview and Assumptions

In this paper, we use two kinds of traffic running at the user: background and active traffic.  In all of our analysis, we used background traffic based on the background traces that are included in TR 36.822 [1, 5]. Background traffic is running at UE throughout the simulation duration. Active traffic session represents data with frequent packet arrival and larger size of packets compared to that of background traffic. The simulation parameters and assumptions are provided in Annex 1.
For simulation evaluation, we have considered the percentage of time spent in DRX sleep duration which can be correlated to the savings achieved in UE power consumption and end to end user latency as the output metrics. 
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Figure 2: Latency performance for UE with DRX switching
Figure 2 shows the traffic pattern used in our simulation. Background traffic is always on during 5 hours of simulation. Delay-sensitive active traffic is introduced during second and fourth hours. We show the advantage of switching DRX parameters on latency as shown above. Power consumption numbers will be discussed in the following section. 
2.2 Simulation Results
Based on our evaluation and previous discussions [6], we found that for a UE with always-on background traffic, long DRX periods with minimum ON duration and minimum Inactivity timer is preferred for minimizing power consumption. For applications which are delay sensitive, shorter DRX cycle period and longer inactivity timer meets latency requirements. In our simulations, we used 2 different sets of DRX parameters. First set is good for lower power consumption with shorter inactivity timers and longer DRX cycles (Set 1). Second set is good for low delay with longer inactivity timers and shorter DRX cycles (Set 2).  Table 1 shows multiple possible options for the inactivity timers and DRX cycle lengths for Set 1 and Set 2. DRX parameter switching may be based on the user’s request (user assistance information [4]) or driven by the eNB wherein, the DRX parameters are going to be changed between Set 1 and Set 2 based on the needs. In this paper, we focus mainly on the need to switch DRX parameter sets according to UE requirements. The corresponding signalling between UE and eNB for switching DRX parameters is out of scope of this paper. We used 2 different DRX parameters sets as an example. More sets can be set by eNB or requested by UE. 

                Table 1: DRX parameters settings, ON Duration = 10ms, Retransmission Timer = 8ms

In the simulation, we start with DRX parameters of Set 1 (Inactivity Timer = 30ms, DRX Cycle Length = 2560ms) and switch depending on the application requirements. Figure 3 and 4 show the average percentage of time spent in DRX Sleep and average latency over each hour for first three hours. In Figure 3, we use Set 2 with inactivity timer of 2560ms and DRX cycle length of 32ms. In Figure 4, we decrease the inactivity timer to 1920ms and increase the DRX cycle length to 640ms to show the effect of cycle length on delay performance. Traffic pattern changes at the beginning of each hour as shown in Figure 2. In the first hour of simulation, UE has background traffic only so we chose the low power DRX set (Set 1), and during this time UE stays in DRX sleep around 99% of the time. 
In the second hour, both active traffic and background traffic are on. For this second hour, if we stay with the Set 1 our average delay performance will be around 1.4 second (Figure 3 [B]), which is unreasonable for many active applications that are delay-sensitive. However if we switch to low delay DRX setting (Set 2) during this hour, our average delay will drop to 177ms (Figure 3 [B]). During second hour our objective is to support best delay performance for the active traffic. This increases the average power consumption by about 50% (due to choosing relatively shorter DRX cycle and comparing to the case of ~96% sleep time per Figure 3 [A]). However, if we wanted to do a trade-off and achieve a latency of ~400ms for active traffic (as shown in Figure 4 [D]), dropping from 1.4s (Figure 3[B]), the power consumption increases by about ~30%. 

For the third hour, only background traffic is on again. So staying with Set 2 which is optimized for delay performance will increase the power consumption by about 34% (as shown in Figure 3[A]) or by about 10% if a longer length of DRX cycle is considered (as in Figure 4[C]). As delay is not a major concern, it is better to switch back to Set 1 to achieve maximum power saving (around 99% DRX sleep time). 
Observation 1: UE that changes its DRX parameters to adapt to active traffic may notice a significant reduction in average end to end latency from 1.4s to 177ms.
Observation 2: UE that changes its DRX parameters to adapt to background traffic may consume around 34% less power (as shown in Figure 3 [A]).
Proposal 1: It is proposed to consider DRX switching in TR 36.822 Section 6 for eDDA. 
More results with different DRX sets can be found in Annex 2 (Figure 5 and Figure 6).
	DRX Parameter Set
	DRX cycle length (ms)
	Inactivity Timer (ms)
	Remarks

	Low Power
(Set 1)
	1024, 1280, 2048, 2560
	30, 500
	Optimized for power (background traffic) for delay tolerant applications.

	Low Delay
(Set 2)
	32, 160, 320, 640
	1920, 2560
	Optimized for delay (active traffic) for delay sensitive applications.

	DRX Switching
	Low Power (Set 1) for background traffic

Low Delay (Set 2) for active traffic
	Delay is minimized for active traffic and power is minimized for background traffic.
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Figure 3: Power consumption and latency of UE (Set 2:Inactivity Timer = 2560ms, DRX Cycle = 32ms ) 
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Figure 4: Power consumption and latency of UE (Set 2:Inactivity Timer = 1920ms, DRX Cycle = 640ms ) 
UE assistance may help to choose the appropriate DRX parameters in order to improve the quality of user experience. For delay tolerant application users, power optimized DRX parameters (Set 1) will provide high power saving with longer battery life. On the other hand, for active traffic users’ delay optimized DRX parameters (Set 2) will satisfy their delay requirement at the expense of more power consumption. 

Proposal 2: Include the Figure 3 and Figure 4 as a baseline for showcasing benefits of DRX parameter switching based on traffic activity into TR 36.822.
3. Conclusions
Observation 1: UE that changes its DRX parameters to adapt to active traffic may notice a significant reduction in average end to end latency from 1.4s to 177ms.
Observation 2: UE that changes its DRX parameters to adapt to background traffic may consume around 34% less power (as shown in Figure 3 [A]).
Proposal 1: It is proposed to consider DRX switching in TR 36.822 Section 6 for eDDA. 
Proposal 2: Include the Figure 3 and Figure 4 as a baseline for showcasing benefits of DRX parameter switching based on traffic activity into TR 36.822.
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Annex 1: Simulation Setup

	Feature/Parameter
	
	Value/Description

	DRX
	Cycle Length

Inactivity timer

On duration timer

Retransmission timer
	32, 160, 320, 640, 1024, 1280, 2048, 2560ms

30, 500, 1920, 2560 ms

10 ms

8ms

	Traffic model
	Background traffic

Active traffic
	Traces [5]

Packet size 50Kbytes, packet Inter-arrival time uniformly distributed (0, 10s).

	Bandwidth
	
	5 MHz

	IFFT/FFT length
	
	512

	Duplexing
	
	FDD

	Sub-carrier spacing
	
	15 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	Multipath channel model
	
	ITU Pedestrian B

	UE antenna gain
	
	-1 dBi

	UE/eNB maximum transmission power
	
	0.5W

	UE/eNB Receiver sensitivity
	
	-200dBm

	eNB antenna gain
	
	15 dBi

	eNB selection threshold
	
	-110dBm

	eNB operating power
	
	10W


Annex 2: More Simulation Results
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Figure 5. Percentage of time in DRX sleep for different DRX cycle parameters
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Figure 6: End User delay based on different DRX cycle parameters
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