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1
Introduction
Some performance evaluations results were contributed in the RAN2#76 meeting [1]. RAN2#76 made also a request to consider not only RAN signalling but also the Core Network (CN) load. RAN2#76 concluded also that “evaluations should consider the 4 strategies: (a) Full Connected-DRX, (b) Network based dormancy timer, (c) UE initated dormancy (Note that UE init dormancy is not supported by LTE), (d) Mobility based network initiated dormancy”. This contribution presents results for the signalling load as well as further results on the UE power consumption in differenct operational and traffic scenarios. The results will give insight to the behaviour with the 4 identified strategies. Some conclusions are drawn including suggestions for way forward in eDDA work.
2
System simulations
2.1
Simulation assumptions and scenarios
In [1] basic results for UE power consumption were described. The signalling load, however, was limited to RRC messages over the radio interface. As requested, this contribution extends the evalution to include also the Core Network (CN) load providing a more comprehensive view on the “cost” of different procedures in the network side.
The CN and RAN signalling load was taking into account the signalling messages illustrated in Fig.1 and Fig.2 for state transition and handover, respectively.
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Figure 1: Connection release and request signalling
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Figure 2: HO signalling

With these assumptions, the number of messages is:
- Active to idle total 4 messages (1 RAN + 3 CN)

- Idle to active: total 10 messages (7 + 3)

- Inter-eNB handover: total 11 messages (3 + 8)

- Intra-eNB handover: total 3 messages (3 + 0)

- Connection re-establishment (3 + 0)

- After connection failure UE goes to idle followed by connection set up i.e. idle to active: total 10 messages (7 + 3)
In the simulation scenarios the numbers above have been used to calculate the overall signalling load in the network. The simulator takes into account the difference between intra- and inter-eNB handovers as they happen in the simulation scenario (based on actual UE movement). The connection re-establishment is successful only in the source cell or in the prepared target cell. The target cell is prepared if the A3 report has been sent before RLF. Intra-eNB cells are assumed to be always prepared. 
It has been assumed that the eNB forwards the ‘ue-InactiveTime’in the RRM-Config IE in order not to re-start the release timer at the target cell. This eliminates the extended connection times after handovers by using the ue-InactiveTime when initializing the release timer value in the target cell. Nominal release timer value was a variable in the simulations [1s, 5s, 10s, 30s and 100s]
Traffic model was a burst model

· One packet per burst, packet size: geometric distribution, mean 100 bytes
· Inter-arrival time (IAT) of packets with geometric distribution, average IAT as parameter [4s, 10s, 30s, 60s and 120s]
· Inter-change model; terminal initiated (UL) data transfer with network response

For detailed radio parameters, see Appendix.
2.2
Network signalling load
According to assumptions for CN load we have extended the signalling load evaluations to include both RAN and CN signalling messages. The simulated performance results are plotted as the function of the connection release time, assuming that corresponding timer is running (Release Timer, RT) in the network, and, as the function of the traffic pattern i.e. with different inter-arrival times (IAT) for data packets. Different DRX configurations (long DRX cycle values) have been simulated.
Figures 3 and 4 illustrate the signalling load with different RT values. Each bin of results per one RT value consists of (from left to right) DRX “off”, DRX long cycle 80ms, 160ms, 320ms, 640ms, 1280ms and 2560ms. Green and orange parts of each bar in the plot represent the network signalling load other than RRC messages which are the rest of the messages. Note that the results showed below are with only one IAT value (30s) and the optimum configuration (RT & DRX) would be also a function of the traffic characteristics.
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Figure 3: Signalling load as the function of RT with DRX on/off, UE velocity 3kmph
Figure 4: Signalling load as the function of RT with DRX on/off, UE velocity 60kmph

Fig. 3 shows the results in pedestrian velocities (3kmph). As expected, the signalling load will decrease as the connection time is increased as the number of state transitions are going down. The HO related signalling will increase with longer RT values but with such low terminal velocities the increase does not offset the reduction of the state transition signalling.

Observation 1: The share of the mobility related signalling load increase when the RT is longer. However, with very low terminal speeds, portion of increased HO related signalling does not seem to be as big as the reduction of the signalling load due to state transitions.

In Fig.4 corresponding results are presented with terminal velocity of 60kmph. With this velocity the HO related signalling will increase, both in RAN and CN, when the RT is increased – but only with short DRX cycles in this simulation setting. With longer RT values, as can be seen in Fig.4, the HO related signalling starts to dominate the signalling load. In this simulation, the DRX impact on the mobility measurements and reporting will start reducing the number of HOs as DRX will essentially filter out (part of) the ping-pong HOs as well as those where terminal trajectory is aligned with the cell borders. Note that the number of measurement samples is constant (5) for the L1 sliding window and measurement samples are taken only during the active time in the DRX cycle. Hence, the absolute filtering time is dependent on the DRX cycle length. With the higher velocity (Fig.4) the optimum setting of RT is not always the longest value but with longest DRX cycles the trend is actually downwards (lower arrow in the figure) and shorter RT values become better. With shorter DRX cycles, or without DRX configuration, shorter RT values will result in minimum signalling load.
Even though it looks like setting long RT and long DRX cycle is always beneficial from signalling load point of view (i.e, even for the high speed UEs), this simulation did not consider implementation specific aspects. (i.e, the simulation calculated the number of messages but did not give a weight per each message.) It should be also noted that there is a link between long DRX and mobility which is discussed in [3] and also that this may be valid only for this particular simulations setup. Thus there is a need for futher investigation into the signalling impact coming from mobility failures and RLF.
Observation 2: With higher velocities the CN load starts to dominate when the RT value is of the order of 10:s of seconds.

Observation 3: DRX configuration will have impact on mobility behaviour with higher UE velocities. However, long DRX and handover performance should consider the conclusion in HetNet study.
Figures 5 and 6 show the signalling load as the function of the traffic pattern; IAT varied between 4s – 120s. Each bar in a bin correspond to one RT value result; from left to right RT = 1s, 5s, 10s, 30s and 100s.
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Figure 5: Signalling load as the function of IAT, RT as parameter, DRX cycle 160ms

Figure 6: Signalling load as the function of IAT, RT as parameter, DRX cycle 640ms

The results indicate that the signalling load clearly is dependent on the traffic assumptions. The optimum RT is longest for short IAT values but when the IAT becomes longer, shorter RT will result in best performance. This trend will change with different IAT values depending on the DRX configuration: With 160ms DRX long cycle (Fig. 5) the turning point is between 10 – 30s, but with 640ms DRX cycle corresponding point is between 30 – 60s IAT.

The performance is dependent on the mobility behaviour as the share of the mobility related signalling will be influenced by the DRX configuration.The results shown above have been simulated with 30kmph only. With lower speeds, when impact of the mobility signalling is lower, the differences between RT values will be smaller. Then the longer RT values result in good performance without strong dependence on the IAT value. With higher speeds the mobility will cause larger impact to the signalling load.. 

Observation 4: Optimum DRX configuration and RT value can depend on the traffic pattern as well as terminal velocity.
Observation 4b: When using short RT the performance is highly dependent on the IAT.

2.3
UE power consumption
The same way as the signalling load has been evaluated the UE power consumption results have been generated with varying traffic patterns (IAT) and DRX configurations, Figures 7 - 10. 
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Figure 7: UE power consumption, DRX “off”, 3kmph

Figure 8: UE power consumption, DRX 160ms, 3kmph
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Figure 9: UE power consumption, DRX 640ms, 3kmph

Figure 10: UE power consumption, DRX 640ms, 30kmph

Evident observation from the results is the signifigance of the DRX configuration. The power consumption drops from hundreds of mW:s (note that this is dependent on the traffic characteristics) down to 10mW or less when DRX is configured. This is visible when comparing the results in Fig. 7 and 8. Another clear remark is the strong dependence of the RT value especially with pedestrian velocities and shorter DRX cycles. The relative difference in power consumption between long and short RT values can be very large, up to 8 times larger with 100s RT compared to 1s RT. Generally, the power consumption is lower when the DRX cycle is increased.
Observation 5: DRX configuration is always beneficial for the UE power consumption

Observation 6: RT value can have large influence on the relative power consumption especially with shorter DRX cycles.
Observation 7: Terminal speed does not have strong influence on the power consumption (with same DRX and RT).
Observation 8: Longer DRX cycles will normally result in lower power consumption. Only with shortest RT values the impact of DRX configuration is marginal (visible comparing the dark blue bars in Fig.s 8 and 9.
2.4
Discussion on the results
The results presented on the previous sections were showing separately the behaviour of the network signalling load and UE power consumption. The overall optimum solution would however be a combination of these two issues. This suggests that the functions deciding the DRX configurations as well as having the connection control should consider both issues. Further, the optimization function should utlize all relevant information that will affect the performance, particularly the traffic characteristics and mobility as much as those can be estimated or measured.
Observation 9: The overall operation is a joint optimization problem of network signalling load and power consumption of individual UEs.

As the overall performance is evidently a function of the traffic pattern as well as terminal velocity, the optimization should be preferably done on UE basis. Both the connection control as well as the DRX configuration should be UE specific in order to reach “global optimum” in terms of signalling load while trying to minimize the UE power consumption in all circumstances.
Observation 10: The optimum performance can be achieved using per-UE based release times and DRX configurations taking into account traffic, mobility and other relevant UE specific parameters.
In the study presented in this paper, the connection quality (QoS) has not been considered. The underlying assumption was that the traffic is only “background” traffic with low QoS requirements – even with the shortest IATs. The determination whether the traffic indeed is just “background” is not necessarily clear just monitoring the data transmission. There could be multiple “on-line” applications running generating relatively frequent data transmission. Also, background traffic may include larger data transfers like email downloading. In this case the traffic characteristics will change for a certain limited period of time.  Hence, it may be difficult to distinguish the cases when the user is actively involved in generating traffic and when not (background traffic only).

Observation 11: Distinguishing between background and non-background traffic may not be obvious. Other traffic characteristics may be additionally considered as useful information for network to know.
2.5
Potential areas for enhancements
As was learned from the simulated results the optimum connection control depends on UE specific parameters (Obs. 10) such as traffic pattern, UE velocity and current DRX configuration. If the network control will be kept, the question is whether the network has all sufficient and up-to-date information about all affecting parameters in order to be able to make correct decisions for configurations and connection control aiming to achive optimized network operation and minimized power consumption at the UEs.

Based on the simulated behaviour, in the following areas there can be room for enhancements in order to improve the performance and optimize network operation.

a) Currently in E-UTRAN it is not possible for the UE to request connection release. In order to have optimized connection times it could be beneficial to allow UE to indicate or give information based on which network could decide when the connection release would be beneficial, i.e. without solely relying connection release timer running in the network side. This would enable both optimum UE specific connection releases (utilizing possible UE assistance information) as well as considering the impact on UE power consumption. The connection control itself can run under the network control.
b) Some key parameters being UE specific would call for UE specific handling of the connection control as well as the DRX configuration. The state control can be implemented e.g. by using UE specific release timer adapted to the current UE situation. However, it could be discussed whether the network would benefit from some kind of UE assistance when making the decision about connection releases.

It has also been proposed [5] to use A3 to trigger connection release when the UE has only background traffic. To be able to make correct decision when is would be beneficial to release the connection and when it would be better to allow normal connected state mobility, it would be good to have reliable knowledge about the traffic type or characteristics. As was discussed above (Obs.11) it may not be straightforward to determine what type of traffic is generated i.e. whether it is just background traffic, or if the traffic is generated while actively using certain application. Distinguishing the traffic type and characteristics, e.g. IAT, burst characteristics or similar,  would allow to decide when the optimization can be done based on signalling load and/or UE power consumption, and, when QoS (non-background traffic) is an important criteria for optimization. Mobility related information could also be beneficial for the network. There could also be different principles how to make configurations for background and non-background traffic. (Woonhee: I still don’t understand what network will do by knowing whether the traffic is background or not. Network is more interested in more accurate IAT. And that will tell how to set the DRX or how to set RT) Therefore, it should be discussed whether UE can provide more accurate IAT (than network can guess) which can be utilized in the network.
c) It could be considered whether UE should have possibility to trigger or assist the network functions controlling the connections and connection related configurations e.g. DRX.

Generally, it would be good to assess what kind of information the UE would have better knowledge about and what the network may not be aware of or cannot accurately enough estimate. Such information can be related to the nature of the traffic and the terminal usage.
Proposal 1: RAN2 is asked to discuss and agree which ones of the discussed options can be considered for further evaluations and for enhancements targeted to smart phone optimization.
3
Conclusions
This contiribution present the results for network and UE performance in terms of signalling load and UE power consumption in different network and traffic scenarios. Potential areas for enhancements were elaborated.
Presented results indicate what is achievable performance in each situation and scenario assuming that the network is able to make optimum configurations and connection control for the UEs.

Overall, the performance is dependent on many parameters and operational scenario.The optimum performance can be achieved using per-UE based release times and DRX configurations taking into account traffic characteristics, mobility and other relevant UE specific parameters.

Proposal 1: RAN2 is asked to discuss and agree which ones of the discussed options can be considered for further evalutions and for enhancements targeted to smart phone optimization.

Proposal 2: It is proposed to include presented results in the TR 36.822 showing the performance and potential problems for optimization related to wide usage of smart phone.
4
Text proposal for TR 36.822
Beginning of Text Proposal

5.2
Evaluation of network signaling load

5.2.1
Assumptions for the evaluations

The CN and RAN signalling load was taking into account the number of signalling messages as follows:

- Active to idle total 4 messages (1 RAN + 3 CN)

- Idle to active: total 10 messages (7 + 3)

- Inter-eNB handover: total 11 messages (3 + 8)

- Intra-eNB handover: total 3 messages (3 + 0)

- Connection re-establishement (3 + 0)

- After connection failure UE goes to idle followed by connection set up i.e. idle to active: total 10 messages (7 + 3)

The numbers above have been used to calculate the overall signalling load in the network. The simulator takes into account the difference between intra- and inter-eNB handovers as they happen in the simulation scenario (based on actual UE movement). The connection re-establishment is successful only in the source cell or in the prepared target cell. The target cell is prepared if the A3 report has been sent before RLF. Intra-eNB cells are assumed to be always prepared. 

It has been assumed that the eNB forwards the ‘ue-InactiveTime’in the RRM-Config IE in order not to re-start the release timer at the target cell. This eliminates the extended connection times after handovers.by using the ue-InactiveTime when initializing the release timer value in the target cell.with moving terminals. Nominal release timer value was a variable in the simulations [1s, 5s, 10s, 30s and 100s]

Traffic model was a burst model

· One packet per burst, packet size: geometric distribution, mean 100 bytes

· Inter-arrival time (IAT) of packets with geometric distribution, average IAT as parameter [4s, 10s, 30s, 60s and 120s]

· Inter-change model; terminal initiated (UL) data transfer with network response

For detailed radio parameters, see Appendix X.

5.2.2
Evaluation results for network signalling load

According to assumptions for CN load we have extended the signalling load evaluations to include both RAN and CN signalling messages. The simulated performance results are plotted as the function of the connection release time, assuming that corresponding timer is running (Release Timer, RT) in the network, and, as the function of the traffic pattern i.e. with different inter-arrival times (IAT) for data packets. Different DRX configurations (long DRX cycle values) have been simulated.

Figure 1and Figure 2illustrate the signalling load with different RT values. Each cluster of results per one RT value consists of (from left to right) DRX “off”, DRX long cycle 80ms, 160ms, 320ms, 640ms, 1280ms and 2560ms. Green and orange parts of each bar in the plot represent the CN load and the rest is the load is RRC messages. The results are with only IAT value of 30s.
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Figure 1: Signalling load as the function of RT with DRX on/off, UE velocity 3kmph

Figure 2: Signalling load as the function of RT with DRX on/off, UE velocity 60kmph

Figure 1 shows the results in pedestrian velocities (3kmph). As expected, the signalling load will decrease as the connection time is increased as the number of state transitions are going down. The HO related signalling will increase with longer RT values but with such low terminal velocities the increase does not offset the reduction of the state transition signalling.

Observation 1: The share of the mobility related signalling load increase when the RT is longer. However, with very low terminal speeds, portion of increased HO related signalling does not seem to be as big as the reduction of the signalling load due to state transitions.

In Figure 2 corresponding results are presented with terminal velocity of 60kmph. With this velocity the HO related signalling will increase, both in RAN and CN, when the RT is increased – but only with short DRX cycles in this simulation setting. With longer RT values, as can be seen inFigure 2, the HO related signalling starts to dominate the signalling load. In this simulation, the DRX impact on the mobility measurements and reporting will start reducing the number of HOs as DRX will essentially filter out (part of) the ping-pong HOs as well as those where terminal trajectory is aligned with the cell borders. Note that the number of measurement samples is constant (5) for the L1 sliding window and measurement samples are taken only during the active time in the DRX cycle. Hence, the absolute filtering time is dependent on the DRX cycle length. With the higher velocity (Figure 2) the optimum setting of RT is not always the longest value but with longest DRX cycles the trend is actually downwards (lower arrow in the figure) and shorter RT values become better. With shorter DRX cycles, or without DRX configuration, shorter RT values will result in minimum signalling load.

Even though it looks like setting long RT and long DRX cycle is always beneficial from signalling load point of view (i.e, even for the high speed UEs), this simulation did not consider implementation specific aspects. (i.e, the simulation calculated the number of messages but did not give a weight per each message.) It should be also noted that there is a link between long DRX and mobility which is discussed in [3] and also that this may be valid only for this particular simulations setup. Thus there is a need for further investigation into the signalling impact coming from mobility failures.

General remarks from the results:

· With higher velocities the CN load starts to dominate when the RT value is of the order of 10:s of seconds

·  DRX configuration has impact on mobility behaviour with higher UE velocities. 
Figure 3 and Figure 4 show the signalling load as the function of the traffic pattern; Inter-Arrival Time (IAT) varied between 4s – 120s. Each bar in a cluster correspond to one RT value result; from left to right RT = 1s, 5s, 10s, 30s and 100s.
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Figure 3: Signalling load as the function of IAT, RT as parameter, DRX cycle 160ms

Figure 4: Signalling load as the function of IAT, RT as parameter, DRX cycle 640ms
The results indicate that the signalling load is dependent on the traffic assumptions. The optimum RT is longest for short IAT values but when the IAT becomes longer, shorter RT will result in best performance. This trend will change with different IAT values depending on the DRX configuration: With 160ms DRX long cycle (Figure 3) the turning point is between 10 – 30s. With 640ms DRX cycle corresponding point is between 30 – 60s IAT.

The performance is dependent on the mobility behaviour as the share of the mobility related signalling will be influenced by the DRX configuration.The results above have been simulated with 30kmph. With lower speeds, when impact of the mobility signalling is lower, the differences between RT values will be smaller. Then the longer RT values result in good performance without strong dependence on the IAT value. With higher speeds the mobility will cause larger impact and the signalling load be more strongly incluenced by the DRX configuration.

As general remarks from these results one can conclude that:

· Optimum DRX configuration and RT value can depend on the traffic pattern as well as terminal velocity

· When using short RT the performance is highly dependent on the IAT whereas the performance is more stable with longer RT values.
5.2.2
Evaluation results for UE power consumption

The UE power consumption results was simulated with varying traffic patterns (IAT) and DRX configurations. 
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Figure 5: UE power consumption, DRX “off”, 3kmph

Figure 6: UE power consumption, DRX 160ms, 3kmph
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Figure 7: UE power consumption, DRX 640ms, 3kmph

Figure 8: UE power consumption, DRX 640ms, 30kmph

The results show the signifigance of the DRX configuration to the UE power consumption. The power consumption drops clearly from the non-DRX case to case when DRX is configured. Another observation is the dependence of the RT value especially with pedestrian velocities and shorter DRX cycles. The relative difference in power consumption between long and short RT values can be very large Generally, the power consumption is lower when the DRX cycle is increased. Other observations:

· DRX configuration is always beneficial for the UE power consumption

· RT value can have large influence on the relative power consumption especially with shorter DRX cycles.

· Terminal speed does not have strong incluence on the power consumption (with same DRX and RT)

· Longer DRX cycles will normally result in lower power consumption. Only with shortest RT values the impact of DRX configuration is marginal (visible comparing the dark blue bars in Fig.s 8 and 9
End of Text Proposal
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Appendix: Simulation parameters
	Feature/Parameter
	
	Value/Description

	DRX
	Long cycle length

Short cycle length

Short cycle duration

Inactivity timer

On duration timer
	80, 160, 320, 640, 1280, 2560 ms

40 ms

½ long cycle length (max 640 ms)

10 ms

5 ms

	RRC release timer
	
	1, 5, 10, 30, 100s

	Traffic model: background
	Packets per burst

Packet size

Idle time between bursts
	1

Geometric distr with mean 100B

Geometric distr with mean 30s

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 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

	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, 60 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
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