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1
Introduction
In RAN2 there has been discussion how DRX affects HetNet mobility performance and RAN2 was expected to study the issue further. It seems obvious that if one does not utilize DRX we have huge negative impact on UE power consumption compared to when DRX is used as illustrated in [7,8]. This issue has been raised in 3GPP and we have the EDDA WI on this which is looking into UE power consumptions issues in connected mode. One very efficient UE power consumption reduction method is to use connected mode DRX, which is an already defined and specified feature from Rel-8.  
Using longer DRX for efficient UE power savings introduces some challenges to mobility especially in HetNet environment. But the benefits on UE power consumption from being able to use longer DRX periods in E-UTRAN makes it important also to ensure that also mobility robustness is maintained even though longer drx is used.
2
Discussion
So what we need is to ensure that the DRX feature can be utilized efficiently within the given ranges without having the network to worry about mobility robustness problems and potential implications from such problems on network error tracking measures like RLF, HO failures etc. It is important to consider also the longest DRX cycles in order to ensure that in HetNet environment efficient power consumptions can be ensured for background type of applications like those that are e.g. studied in EDDA SI. 

Therefore we look at how to ensure mobility robustness in HetNet deployments with connected mode DRX actively in use. Also for the exact same reasons we need to find solutions for possible challenges. 
As it is expected that the amount of smart phones in the market will increase drastically in the future there is a clear need having efficient UE power saving options in the specification in order to reduce the risk of chipset vendor specific solution. In order to enable full gain from connected mode DRX it should be possible to use the full range of DRX options without compromising the mobility. Leaving out solutions for identified challenges seems to challenge the UE power saving options on a longer term.

Also it is important to consider in HetNet studes impact of more realistic scenarios than one pico cell deployments and thus we propose to capture results in the TR about DRX handling with taking these aspects into account:

Proposal 1: Capture in the TR results showing:

1.  Full range of DRX configuration in order to take existing and future smartphones with lots of background traffic
2. Consider also results in scenarios where there is more than one pico cell deployed  i.e. it is important to understand failure rates between different cell types (pico-macro, macro-pico, macro-macro)

Based on this proposal we propose to capture results from R2-121163 as presented in the end of this contribution

3
Conclusion
We discussed the usage of DRX in HetNet environment and propose to capture following TP in the TR
Beginning of Text Proposal

5.5.4
Performance with DRX

Several simulations looked at HetNet mobility performance with DRX.  For a relative comparision, mobility performance with DRX in a macro-only system was also evaluated.  The results were provided for several DRX settings and UE speeds.

5.5.4.1 
Simulation study for Handover and RLF performance with DRX
Several simulation results with DRX were provided by many companies.  This section includes the results from one of the Tdoc R2-121163.  

5.5.4.1.1  
Simulation assumptions and definitions

Configuration set 3 given in Table 5.3.2-1: Configuration parameter sets for simulation calibration is used.  .

The used simulation scenario has been similar to the large area scenario with wrap-around specified in configuration set 3 given in Table 5.3.2-1: Configuration parameter sets for simulation calibration is used.  Also basic radio configuration parameters have been adapted. The detailed simulation assumptions and settings are listed in table 5.5.4.1.1-1. The simulation shown in this paper includes the simulation case where there is no data transmission except what is needed for control signalling for mobility – i.e. looking only at mobility. The network is fully loaded regardless of the minimal transmission for the DRX users to investigate worst case scenario interference wise.

Although the scenario and parameters have been adapted from [9], the modelling of RRC messages, re-establishment and handover failure has been enhanced with details provided in Appendix 5.5.4.1.1-2.
In the simulations three different measurement reporting parameters were used:: 

1) Baseline scenario where we use same handover parameters in all cells (Macro and Pico cells) used in the deployment (Baseline), 

2) Two cell specific scenarios where we use different handover parameters depending on whether the serving cell is a Macro cell or whether the serving cell is a Pico cell (Cell type specific 1 and 2). 

Table 5.5.4.1.1-2 illustrates the different parameters settings used.

Table 5.5.4.1.1-1: Traffic model
	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

	Handover parameters
	Handover criteria

A3 baseline offset

A3 baseline time-to-trigger
	Event A3 RSRP

2 dB

160 ms

	Traffic parameters
	Traffic type “keep-alive”:

Packet interval
	Constant 20 seconds

	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
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	500 m

	Pico cell layout
	Distance to eNB
	0.5 ISD

	
	Location
	Bore sight location

	
	Picos/macro cell
	1

	Macro-pico deployment type
	
	Intra-frequency

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

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB
10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro
Pico
	25 m

25 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	3, 30 km/h

	RSRP Measurement
	L1 measurement cycle
Measurement bandwidth

Measurement error standard deviation
L1 sliding window size
L3 filtering
	40 ms or DRX cycle length

6 RBs

2 dB

5

Disabled

	Handover preparation time
	
	50 ms

	Handover execution time
	
	40 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold
T310
	-8 dB

-6 dB

1000 ms

	Cell identification
	
	Enabled

	Receiver diversity
	
	2RX MRC

	Number of calls
	
	1000 of 140 second calls

	DL Interference load
	Macro, Pico
	100% RBs loaded


Table 5.5.4.1.1-2: Other parameters differing from the assumptions provided in section 5.2
	Feature/parameter
	Differences:

	Radio link failure:
Detection

Action
	Same modelling for detection thresholds

UE remains in simulation and RRC re-establishment procedure is attempted



	Handover failure:

Detection

Action


	RLF during handover process

UE remains in simulation and RRC re-establishment procedure is attempted after RLF



	HO command:

Retransmissions

Failure


	Both HARQ and RLC retransmissions modelled with maximum of 7 HARQ and 3 RLC retransmissions

Maximum number of RLC retransmissions reached



	Measurement report:

Retransmissions

Failure


	Both HARQ and RLC retransmissions modelled with maximum of 7 HARQ and 3 RLC retransmissions

Maximum number of RLC retransmissions reached



	PDCCH:

Failure


	Link level tables used in RRC message transmission process for PDCCH detection/failure




Table 5.5.4.1.1-3: Different Measurement Reporting parameters used
	Parameter sets
	Parameters when serving cell is Macro cell 
	Parameters when serving cell is Pico cell 

	Baseline:

(TTT:160 Offset:2)
	Time-to-trigger: 160 ms
A3 offset:         2dB
	Time-to-trigger: 160 ms

A3 offset:         2dB

	Cell type specific 1:

(CTSTTT:40 CTSOffset:0)
	Time-to-trigger: 160 ms
A3 offset:         2dB
	Time-to-trigger: 40 ms
A3 offset:         2dB+0dB = 2dB

	Cell type specific 2:

(CTSTTT:40 CTSOffset:-4)
	Time-to-trigger: 160 ms
A3 offset:         2dB
	Time-to-trigger: 40 ms
A3 offset:         2dB-4dB = -2dB


5.5.4.1.2  
Simulation results with DRX

Handover failure rate is for pico to macro handovers is shown in figure 5.5.4.1-1.
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Figure 5.5.4.1.2-1: Handover failure rate in pico to macro mobility
In Figure 5.5.4.1-2 a comparison of handover failure rates is shown for different cell types. The parameters here are the same exept for the short cycle duration, which is here 640 ms regardless of the long cycle length. Handover setting in these cases is baseline with TTT 160 ms and A3 offset of 2 dB for all cells. 
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Figure 5.5.4.1.2-1: Handover failure rate between different cell types
5.5.4.3

Overall observations on Handover performance in HetNet with DRX
The following conclusion was reached with respect to HO performance for HetNets with DRX:

For this Study item, it is assumed that HOF rates for macro-only scenarios are acceptable as a baseline.  Further slightly higher rates are considered acceptable at least for background traffic in HetNets. 

The simulations indicate that for low speed UEs (3 km/h) the mobility is robust for longer DRX cycles but can be further improved for the longest DRX cycles. For higher velocity UEs ensuring the mobility robustness is challenging especially for pico outbound mobility.
Editors NOTE: 
It was agreed in RAN2#77bis to look more into acceptable HOF and possibly required solutions for higher speeds (with focus on 30 and 60 km/h). 

Simulations showing UE power consumption were also discussed in many Tdocs in RAN2#77bis.  They showed that DRX is essential for battery saving and doubling the DRX cycle almost halves the power consumption for keep-alive traffic with 20s inter-arrival time.  However, no significant differences between battery saving in DRX in HetNet and macro-only scenarios was observed.

Simulation results also show that Ping-pong rates are lower with DRX.

End of Text Proposal

References

[1] 3GPP TS 36.300, E-UTRAN Stage 2
[2] 3GPP TS 36.321, Medium Access Control (MAC) protocol specification 
[3] 3GPP TS 36.322, Radio Link Control (RLC) protocol specification
[4] 3GPP TS 36.323, Packet Data Convergence Protocol (PDCP) specification
[5] 3GPP TS 36.331, Radio Resource Control (RRC); Protocol specification 
[6] 3GPP TS 36.304, User Equipment (UE) procedures in idle mode
[7] R2-121163, HetNet mobility and DRX with keep alive traffic, Nokia Corporation, Nokia Siemens Networks

[8] R2-121164, HetNet mobility and DRX with background traffic, Nokia Corporation, Nokia Siemens Networks
[9] R2-121619, HetNet Mobility in non-DRX environment, Nokia Coporation , Nokia Siemens Networks

