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1 Introduction
In RAN2 #77 and #77bis meetings, we had a discussion on whether it would be useful for the network if UE provides some form of assistant information to support eNB’s decision process governing the UE’s configuration. There have been a number of contributions [1 - 6] claiming that it would be beneficial to have customized DRX settings for different types of traffic, thus indirectly supporting the idea of providing some form of assistant information to the network. However, during the online discussions in RAN2#77bis meeting in Jeju, South Korea [7], some companies raised their concerns on whether additional UE power consumption gains that can be achieved with DRX settings optimized for different types of traffic might be insignificant when compared with gains that can be achieved with “one size fits all” type of DRX configuration.

In paper [6] we proposed UE-supported configuration of DRX. To further clarify open issues of the proposed scheme and address the concerns that were brought up during the online discussions in RAN2#77bis meeting, we here provide some simulation results that show the delay performance power consumption trade-off with respect to different DRX parameter settings.

2 Simulations

The performances of several different sets of DRX configurations have been demonstrated during previous RAN2 meetings. However, different simulation scenarios make the comparison complicated. In this contribution, we provide simulations to evaluate the performance of different DRX configuration settings for two different traffic scenarios. Our intention is to show what to expect from a list of “realistic” DRX configurations and to understand whether significant additional UE power consumption gains can be achieved with DRX configuration optimized for different types of traffic when compared with gains achieved with “one size fits all” type of DRX configuration.
In our simulations we have IM (Instant Message) and streaming video traffic as delay insensitive/sensitive traffic types. In the figures given below, we consider UE power consumption and end-to-end (E2E) delay as performance metrics. In our simulations power consumption depends on when/how long different parts (e.g. baseband, transmitter, receiver, etc.) are switched on, number of bits sent/received, bandwidth of the received/transmitted signal and on the transmission power used. The end-to-end delay is calculated as the average time (both in UL and DL) spent from the moment a data object is generated in the transmitter buffer till the moment when all bytes of the generated object are correctly received at the receiver. The size of the data object varies with respect to different traffic types (e.g., smaller size for IM, larger size for video). Table 1 shows the values of DRX parameters configured for different sets considered in the simulations. Please refer to the Appendix for detailed information on other simulation parameters.

Table 1 DRX parameter settings configured for different sets considered in the simulations
	Configuration
	Long DRX Cycle [ms]
	DRX inactivity timer [ms]
	on duration timer [ms]
	DRX retransmission timer [ms]
	Short DRX cycle [ms]
	Short cycle duration [ms]

	Set 1
	320
	100
	2
	2
	20
	40

	Set 2
	1280
	2
	2
	2
	40
	320

	Set 3
	320
	100
	10
	2
	40
	320

	Set 4
	80
	1
	2
	2
	40
	320

	Set 5
	80
	5
	5
	2
	40
	320


2.1 Performance of different DRX configurations vs. “no DRX” 

In RAN2#77bis meeting in Jeju, South Korea [7], some companies raised their concerns during online discussions on whether additional UE power consumption gains that can be achieved with DRX settings optimized for different types of traffic might be insignificant when compared with gains that can be achieved with “one size fits all” type of DRX configuration.
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Figure 1 UE Power consumption and delay with and without DRX (Left – IM traffic, Right – Video traffic).
The simulation results given above seem to support this statement after a quick look. Figure 1 shows the delay and power consumption for the 5 different sets of DRX configurations given in Table 1 for active (video) and background (IM) type of traffic scenarios. The differences between the UE power consumption for different DRX configurations are small compared to the actual gain of using the DRX mechanism at all. For some of the configurations, the difference in delay with and without DRX is very small, suggesting that one DRX configuration (one size fits all) could work.
2.2 Performance evaluation of different DRX configurations
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Figure 2 UE power consumption and end-to-end delay for different DRX configurations (Left – IM traffic, Right – Video traffic).

Figure 2 shows the UE power consumption and end-to-end delay of different sets of DRX configurations with respect to each other. For the IM traffic, delay is considered to be less important as opposed to power consumption. In the figure given above on the left, two DRX configuration sets, 1 and 2, lead to lower UE power consumption, which is about 4mW less compared to the second larger value shown in the figure. To further put this into context from a user experience perspective, assuming a battery of 800mAh, we can say that a reduction of power consumption from 6mW to 2mW can increase the battery life from 133.3h to 400h.
For the video traffic, which is given in the figure above on the right, the DRX configuration sets given in 3 and 5, which can provide lower delays, would be the preferred choices instead. The results confirm that having a larger DRX Inactivity timer pays off when it comes to achieving a better delay performance. The performance of DRX configurations given in “set 3” with respect to the configurations given in “set 5” seems to be a good showcase for that. The performance of DRX configurations given in “set 5” compared to the ones given in “set 4” is also expected with respect to both delay and power consumption. If we assume that the impact of the difference between the “onduration” timers for the DRX configurations given in “set 3” and “set 1” is negligible, then it is the Short DRX cycle and its duration timer length that make the difference between their performances. For IM traffic, the performances of DRX configurations given in “set 5” and “set 4” are as expected with respect to each other (similar delay, different power consumption). Same observation applies to DRX configurations given in “set 1” and “set 2”. When we compare the performances of the DRX configurations given in “set 1” and “set 3”, it is clear that different traffic types may benefit from different DRX settings. Please check the Appendix for more simulation results showing how different DRX parameters impact UE power consumption and end-to-end delay for the IM and video traffic.
Observation 1: The differences between the UE power consumption for different DRX configurations are small compared to the actual power consumption gain of using the DRX mechanism at all. 

Observation 2: There may be benefits of having different DRX configurations for different types of traffic, e.g. since background traffic runs relatively longer when compared with active traffic and thus using an adapted DRX configuration may lead to additional UE power consumption savings.
3 UE assistance to configure the DRX parameters

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 and 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. 

Even though the UE may have information on what kind of DRX performance that it needs, it would still be inappropriate to let it suggest the DRX parameter settings on its own. This is due to that the network knows which DRX parameter settings are possible and would work well for the current network status, something the UE does not know. This could also make the alignment of parameter settings between UEs difficult and thus prevent the system from performing at its best.

We propose that the network remains in control of DRX parameter settings, yet let the network use information from the UEs when configuring the DRX parameters. The network may choose a default DRX configuration to start with and assign it to the UE, e.g. during RRC Connection Setup or Reconfiguration. The network can then provide a list of possible DRX parameter settings (e.g. containing a list of "drx-Config" IEs) in addition to that preconfiguration.

The UE may select one of the 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), by sending a message in RRC or MAC (e.g. only the index of the option in a new MAC CE). Note that there is a practical limit to how often this signaling and reconfiguration is provided, since if this occurs to often the cost of signaling will surpass the gain of adapting the configuration. If the UE does not provide a preference, the network could continue to use the default configuration unless, of course, there is another reason for reconfiguration. 

The primary benefit of such functionality is that the UE power consumption can then be adapted to the current situation in a better way than a “one size fits all” type of configuration. If the UE has active radio bearers that need to be service aware, for services such as voice over IP or conversational video, DRX parameters can be configured accordingly based on the corresponding QCIs of the active bearers and their priority. However, for any active radio bearer that is service unaware, which is expected to serve all types of best effort traffic including the background, it is not possible to have the DRX parameters optimized for each different type of traffic that might be served by the bearer. For instance, if a particular application requires low latency, this can be handled with a suitable configuration with short DRX cycles. Yet, when the only active applications running on the UE transmit occasional status updates that are not particularly latency sensitive, the configurations may need to be optimized to reduce power consumption in the UE.

Since the user may switch between different types of applications occasionally there will most likely be a need to reconfigure the DRX settings. 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 may be based on current network load, whether the suggestion matches/fits the observed traffic pattern  and if the requested settings fulfill network requirements, an RRC Connection Reconfiguration with the updated DRX configuration can be  sent to the UE. There may be a need to limit the number of UE requests for reconfiguration or to compensate for bad UE implementations that can possibly harm the network, e.g by implementing a timer, while running,  prevents the UE from requesting changes (similar to the T323 timer referred in UTRAN specification 3GPP TS 25.331). Note that the network may provide no or just one option thereby indicating to the UE that it has no choice but to accept the configuration provided in the RRC Connection Reconfiguration IE. Therefore we propose

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

Proposal 2 The network may (or may not) apply the indicated DRX parameter settings by performing an RRC Connection Reconfiguration.

4 Conclusion

In the simulations presented above, we observed that

Observation 1: The differences between the UE power consumption for different DRX configurations are small compared to the actual power consumption gain of using the DRX mechanism at all. 
However, a UE aiming to improve its battery-life time could request the network to configure longer sleep intervals interrupted by only short onDurations. Some UEs, on the other hand, may want to have better latency performance and therefore would prefer a DRX configuration with shorter sleep intervals or longer inActivity timer.
Observation 2: There may be benefits of having different DRX configurations for different types of traffic, e.g. since background traffic runs relatively longer when compared with active traffic and thus using an adapted DRX configuration may lead to additional UE power consumption savings.
Should UE assisted configuration of DRX be introduced it is important that the network remains in control. Therefore we propose:

Proposal 3 Allow the UE to indicate a preferred set of DRX parameter settings from a set of configurations if offered by the network.

Proposal 4 The network may (or may not) apply the indicated DRX parameter settings by performing an RRC Connection Reconfiguration.
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6 Appendix

6.1 Simulation settings 

	Traffic Model

	Traffic Model
	MBM Instant Messaging; Video traffic on Android platform

	Network Model

	Cell Layout
	7 sites hexagonal grid: 3-sector sites

	Inter-Site Distance
	Macro scenario 1: 500m

	Carrier Frequency
	2 GHz

	Distance dependent path loss
	L = 128.1 + 37.6log10(R) dB
R is distance in kilometres, an extra 20dB penetration loss is added

	Channel Model
	Typical Urban

	Shadow Fading
	Log-normal, 8dB standard deviation, 0.5 correlation between eNBs

	System Model

	Bandwidth
	5MHz

	PRACH
	64 preambles, 10 Dedicated preambles, 0dB PRACH Tx Power ramp-up step
ra-ResponseWindowSize - 5ms, mac-ContentionResolutionTimer - 32ms, 
PRACH Period - 10ms

	PUCCH
	10ms  SR/CQI period

	HARQ
	Maximum retransmission number = 9

	Scheduler
	Proportional Fairness

	RRC
	CONNECTED to IDLE timer = 1s, 2s, 4s, 8s, 16s, 32s, 64s.

	RLC
	Maximum retransmission number - 4

	DRX
	onDuration timer = 2ms, inActivity timer  = 2ms, 
Short cycle = 20ms, Long cycle = 40/80/160/320ms,
Short cycle timer = 20/40/80/100/160ms.

	Handover
	A3 Event simulated, Offset = 4dB, Time to trigger = 40ms

	Synchronization
	Time alignment timer = 1s

	Receiver Noise Factor
	5dB

	Antenna model
	2D 3GPP SCM antenna, 2 Tx and 2 Rx antennas

	User Model

	Receiver Noise Factor
	9dB

	UE mobility
	Straight mobility model, with 3/30/60/120km/h velocity

	Antenna Model
	Omni antenna, 1 Tx and 2 Rx antennas


6.2 Impact of various DRX parameters on performance 

In Figure 3, the impact of various “DRX inActivity timer” settings on UE power consumption and end-to-end delay is shown. It is observed that end-to-end delay can be reduced to a certain extent by setting the DRX inActivity timer properly without introducing significant amount of additional UE power consumption.
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Figure 3 UE power consumption and end-to-end delay for different DRX inActivity timer settings
In Figure 4, the impact of various “DRX onDuration timer” settings on UE power consumption and end-to-end delay is shown. We observe that end-to-end delay decreases when onDuration timer is increased, but this comes with a cost of almost exponentially increasing UE power consumption.
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Figure 4 UE power consumption and end-to-end delay for different DRX onDuration timer settings
In Figure 5, the impact of various “DRX shortCycle timer” settings on UE power consumption and end-to-end delay is shown. It is observed that end-to-end delay and UE power consumption are not very sensitive to shortCycle timer settings. However, this could possibly be due to the background and active traffic scenarios we have in our simulations and thus may not be the case in general.
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Figure 5 UE power consumption and end-to-end delay for different DRX shortCycle timer settings
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