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1
Introduction
The DRX configuration as well as the decision for the connection release can obviously be different for the background traffic and for interactive traffic. For UE with only background traffic, the preference is minimized power consumption as the connection quality is not directly impacting user experience (the terminal not actively used). On the other hand, when the terminal is actively used, the connection quality, especially in terms of latencies is important, and the configuration should be optimized to ensure the QoS and user experience. Further, for the background traffic the network may also decide to release the connection instead of DRX configuration especially if the power optimized DRX cycle would be too long for sufficiently frequent mobility measurements.
In this paper we elaborate the cases in which the UE assistance would be used and what kind of benefits can be achieved.

2
Discussion 
As has been recognized, UE mobility will have impact on the system performance and seems useful information when aiming at optimized state control to minimize the signalling load. Smart phones having only applications running on the background obviously would like to have power optimized configuration, either having sufficiently long DRX configuration or having connection released soon enough to save power.

In the following section we show with some system simulation results what kind of performance implications there will be with different configurations. The results are in terms of mobility performance and UE power consumption. Simulations have been carried out with dynamic system simulator. Details of the simulation assumptions are listed in App.I.
2.1
Performance results
Figure 1 shows typical behavior of the mobility failures with different DRX configurations. With low velocities the failure rates are quite low regardless of the DRX configuration.
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Figure 1 HO failures as the function of DRX cycle

Figure 2 Power consumption vs. DRX configuration
When the UE velocity is increased the mobility failure rates will increase. With longest DRX long cycles the rate starts to be unacceptably high. The failures are caused by less frequent measurement intervals leading to delayed measurement reports and typically to too late handovers. It should be noted that also the short DRX cycle was in use.

Figure 2 illustrates the UE power consumption with different DRX configurations (light background traffic). When selecting the DRX cycle, merely looking the power consumption the selection would be always the longest DRX long cycle. This is also the case when short DRX cycle was used. 
If the network knew the terminal preference for power saving or performance optimization, it would be able to consider the mobility impact in addition to the power usage.
Observation 1: The results in Figures 1 and 2, both for mobility performance and power consumption, would suggest that optimized performance cannot be achieved just by looking either one of the parameters alone.
Observation 2: It is beneficial for the network to consider mobility impacts when configuring DRX for UE power saving. At the same time the impact on user experience could be taken into account i.e. whether the UE has prioritized power saving and radio performance is not affecting the user experience. 

Additionally, when the UE indicates the preference for power saving, the network has the option to release the connection if the optimized DRX configuration for power saving (one of the longest DRX long cycles) would lead to excessive mobility failures. To assess when the connection release is an option and would not affect the user experience, the estimate of the UE mobility as the UE assistance information will be helpful [2,3]. Hence, when power saving is preferred by the UE, there will be more freedom for the network to consider connection release as an option for power saving as well as when aiming to minimize the network signaling load. On the other hand when there is interactive traffic the configuration should guarantee the user experience and e.g. frequent connection releases do not seem sensible. In this case also the short DRX configuration would help in guaranteeing the low latencies. 
Observation 3: UE indication for the power saving/performance is useful for the state control when trying to simultaneously minimize signaling load, UE power consumption and user experience.

In Figure 3 we show an example what could be the impact on UE stand-by times if the network is using only the lower range of DRX cycles and not aggressive enough connection releases. In the illustrated example the DRX long cycle is 160ms (traffic IAT 30s in average). With ‘immediate’ connection releases (here referring to 1s release time), which could be triggered by the UE indication about the preferred power saving, the power consumption is around one quarter of the one with the 30s for instance. In terms of stand-by time this would convert into approximately four-fold battery life. If longer DRX cycles were used, the mobility behaviour should be taken into account as discussed above.
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Figure 3 Power consumption vs. connection release
Observation 4: The connection release can be optimized based on the UE indication about power saving vs. performance. This is especially relevant if DRX is not used in its full scale.
Furthermore, the indication for power saving could be used also for PUCCH optimization i.e. long SR periodicity can be configured to the UE having only background traffic ongoing.
Observation 4: The power saving indication can be used also for PUCCH optimization.
4
Conclusion

In this paper we have elaborated the performance (mobility, UE power consumption) and benefits of the usage of UE assistance information, primarily the indications for mobility and power/performance preference. Based on the analysis and performance results we can conclude following:
· Mobility performance is compromised when DRX configuration is power optimized; long DRX cycles lead to increased HO failure rate. Thus, DRX optimization alone is not sufficient for smart phone optimization.
· Power vs. performance indication would be helpful when considering the connection release as an option for power saving.

· Knowledge about the UE mobility seems necessary information when determining a “global” optimum configuration considering all aspects: UE power saving, user experience, network signalling load and the mobility performance.
Proposal: RAN2 is asked to take into account the results and the conclusions presented in this paper when making the decisions about the UE assistance information. Main findings would suggest that UE assistance for power/performance and for mobility would especially be useful.
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Appendix I Simulation assumptions
Traffic model has been derived from the trace results for light background traffic in the TR 36.822. Used parameter values were: Packet size 150B, average IAT 30s (geometric distribution). The data transfer is UL initiated with assumed reply in downlink after a delay (50ms, 200ms, only 50ms results shown as 200ms results practically identical) representing the response delay from the network/server. With HO failure simulations the traffic pattern was keep-alive packets with constant (20s) interval.
	Feature/Parameter
	
	Value/Description

	DRX
	Long cycle length

Short cycle length

Short cycle duration

Inactivity timer

On duration timer
	160, 320, 640, 1280, 2560 ms

40 ms

½ long cycle length (max 640 ms)

10 ms

10 ms

	Traffic model: background
	Packets per burst

Packet size

Idle time between bursts
	1

Geometric distr with mean 100B

Geometric distr with mean 30s

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout

Inter site distance (ISD)

Indoor penetration loss
	57 sectors/19 BSs

500 m

20 dB

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

	BS Tx power
	
	46 dBm

	Shadowing
	Standard deviation

Correlation between cells/sectors

Correlation distance
	8 dB

0.5/1.0

50 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	3, 30 km/h

	UE movement
	
	Random

	RSRP Measurement (IDLE)
	L1 measurement cycle

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size
	1280 ms

6 RBs

2dB

2

	RSRP Measurement (CONNECTED)
	L1 measurement cycle

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size
	40 ms or DRX cycle length

6 RBs

2 dB


5

	Cell reselection (IDLE)
	Qhyst

Treselection
	3 dB

256 ms

	Handover (CONNECTED)
	Threshold

Hysteresis

Time to trigger
	2 dB

1 dB

256ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310
	-10 dB

-6 dB

1000 ms

	Cell identification
	
	Enabled

	Receiver diversity
	
	2RX MRC

	Number of calls
	
	50 simultaneous UEs per cell

	DL Interference load
	Macro
	50% RBs loaded


