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1
Introduction

As known from the past UTRA experience UE measurement area is something that requires quite a bit of consideration for ensuring good mobility support from the system perspective and still allowing reasonable UE implementation freedom. The specification and deployment of the UTRA system have also shown that in practice multiple different solutions and parameter values do not ensure optimum system performance e.g. due to different implementation interpretations and lack of real testing possibilities. Therefore we feel that it is important that RAN4 would also start reviewing and analysing different RRM related features in an early phase of the E-UTRA specification development as suggested in [1] and principly agreed by RAN [2].
RAN2 has decided that Discontinuous reception (DRX) for considerable periods of time is also supported in RRC_CONNECTED where handover are performed. In the RAN2 October Meeting #55, we discussed pros and cons of three alternatives for specifying UE measurement requirements and reporting in [3]. Based on the discussion, we proposed to adjust and align UE measurement requirements and reporting criteria with the currently assigned DRX/DTX cycle of the UE. Already in the UTRA UE RRM requirements DRX cycle used by the UE is taken into account in the corresponding requirements. Since the existing UTRA specifications do not contain DRX in any other states but those where cell reselections are performed, the assigned DRX cycle is considered in the cell reselection requirements. However, now that E-UTRA will also support relatively long DRX cycles in the active state, where handover are performed, it would seem desirable to start considering DRX/DTX operations in general UE RRM requirements.  
In this contribution we provide very initial system level analyses for UE reference signal measurements used for handover evaluation when DRX is applied and thereby used in the UE reference signal measurements as well. 
2
Simulations
We have studied performances of UE handover measurements in case of DRX operations using a fully dynamic time-driven simulator, which simulates UL and DL directions simultaneously with a symbol resolution. Terminals are moving with a certain predefined speed within the network. In the simulation cases presented in this contribution we have concentrated on DL performance studies. As the details of E-UTRA HO (handover) procedures, UE measurement quantities and UE measurement reporting have not been agreed, we have assumed similar event-triggered reporting and HO triggering as in UTRA. We have also used reference signals for neighbour cell measurements similar as CPICH is used in UTRA. The used parameters are also similar to those used in UTRA.
We have implemented the event-driven HO procedure to the simulator by the UE conducting HO measurement periodically with a “measurement interval”. The collected measurements results are averaged over a sliding window ( “sliding window size”). New averaged measurement results are always obtained after every “sliding window step”. The Time-to-Trigger mechanism similar to the one defined in UTRA has also been used in the simulations. If the averaged measurement results satisfy a given HO evaluation criteria for “time-to-trigger” period of time, UE will send a measurement report to the network, which then initiates the actual Hard HO execution. In the simulations, we assume that the DRX cycle and the measurement interval are aligned in the simulations. This basically simulates a case that the UE performs neighbour cell measurements when it also wakes up for receiving and transmitting data. If the UE was required to perform neighbour cell measurements during other times, it would not be able to obtain the maximum power saving benefits from DRX operations although UE power savings are the main reason for DRX operations.  
The simulations are performed in the case 1 (UE speed: 3km/hour) macro cellular environment defined in TR25.814 v700. The main simulation parameters are summarized in Table 1. In the simulations we vary DRX cycle, which defines UE measurement interval and sliding window step as discussed earlier. We present simulation results in terms of the number of handovers and 5% CDF points of non-averaged reference signal SNIR results. These measures are expected to provide some insight to the handover performance. However, it should be noted that in order to fully understand the final handover performance, more statistics e.g for the performance of the actual data reception and assumptions of data traffic during DRX operations are needed. Also different scenarios e.g. in terms of mobility should also be investigated. However, it is expected that these simulations results provide a starting point for discussions and further analyses.
For having a reference case for DRX simulations we have also simulated a reference case with sliding window size of 200 ms and measurement interval and sliding window step of 50 ms as early used in the corresponding UTRA work. 
Table 1 Main simulation parameters in the first set of simulations

	Common Parameters
	　
	　

	Hard Handover
	DecisionDelay
	0

	　
	Measurement Interval (DRX cycle) (ms)
	50 (ref case), 200, 500

	　
	SlidingWindowSize (second)
	0.2, 2

	　
	SlidingWindowStep (ms)
	50 (ref case), 200, 500

	　
	Simulation Time (second)
	70

	　
	HO_Margin (db)
	3

	　
	Measurement Error (dbm)
	0

	　
	Time-To-Trigger (ms)
	0, 200, 400, 500, 800, 1000

	Reference signal
	Bandwidth (MHz)
	10

	　
	sub carrier Interval
	4

	Channel Model
	　
	Typical Urban

	UE speed
	　
	3 km/h

	Scenario
	　
	3gpp case1 of TR25.814

	# of UE
	　
	228

	Traffic Load
	　
	100%


Figure 1 illustrates the number of handovers for two different DRX cycle assumptions and several Time-To-Trigger parameters. As expected we can observe quite clear reduction in the number of handovers when Time-To-Trigger parameter value increase. This reduction is provided by increased time-domain hysteresis that Time-To-Trigger parameter creates to the handover evaluation. In the reference case, where the sliding window size was 200 ms, measurement interval and sliding window step 50 ms and no additional Time-To-Trigger value was used, we observed 1432 handovers, which is significantly more than in the DRX cases. As longer DRX/DTX cycles could be expected to be used when the UE is less active in receiving and transmitting data, it would also seem reasonable to optimize handovers in the cases so that no unnecessary handovers would be performed, even if it slightly degraded potential reception performance. Once the UE would again be more active in transmitting and receving data, more frequent and accurate UE measurements could be resumed. In Table 1 we have summarised the simulation results of the reference case for comparison purposes.
Table 2 Simulation results for the reference case

	
	# of handovers
	5% CDF point of reference signal SNIR level [dB]

	Reference case 

Sliding window size = 200 ms, measurement interval and sliding window step = 50 ms, Time-To-Trigger = 0ms
	1432
	10.1 
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Figure 1: Time-to-Trigger vs. # of HHO (UE speed =3km/hour, two combinations of DRX interval and Sliding window size)

Figure 2 showa how 5% CDF point of (non-averaged) reference signal SNIR levels gets affected by different DRX cycles and Time-To-Trigger values in the event-triggered reporting. Variation in 5% CDF point of reference signal SNIR level is not that significant but some differences can still be observed between different DRX and Time-To-Trigger parameter values. In some case it is even possible to simultaneous see improvements in the number of handovers and 5% CDF point of reference signal SNIR levels. From the blue line (200ms DRX cycle and 2000ms sliding window) of Figure 2, we observe that 5% CDF of reference signal SNR first increase along with the increase of time-to-trigger till time-to-trigger equals to 200ms, then starts to decrease along with the increase of time-to-trigger. This result could indicate that the optimal value of time-to-trigger in given conditions could be in order of 200ms. On 5% CDF point of reference signal SNR in the case with 500ms DRX cycle and 2000ms sliding window size does not improve with increased time-to-trigger values. In this case the resolution for effective time-to-trigger values is also more coarse due to less frequent measurements. As seen earlier in Table 2 in the reference simulations, where the sliding window size was 200 ms, measurement interval and sliding window step 50 ms and no additional Time-To-Trigger value was used, we observed -10.1 dB level for the 5% CDF point of reference signal SNIR level. The results with DRX cycle do not seem to degrade significantly in given conditions. 
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Figure 2: Time-to-trigger vs. 5% CDF of all UE’s Pilot SNIR (UE speed=3km/hour, two combinations of DRX interval and Sliding window size)
As expected our initial simulation results support the definition of Time-To-Trigger value for event-triggered reporting of UE reference signal level measurements similar as in UTRA. Furthermore, the results also seem indicate that it might be beneficial to do some optimisation of Time-To-Trigger parameters for different DRX cycles. As additional signalling related to the measurement control or any other control messages should be minimised, it would seem attractive to study further how Time-To-Trigger parameters could be adjusted automatically by a UE with some specified rules and parameters given by the network. 
3
Conclusions

In this contribution we have shown our initial system level simulation results for UE reference signal measurements to support handover evaluation when DRX is applied and thereby used in the UE reference signal measurements. 

These initial simulation results support the definition of Time-To-Trigger parameter for event-triggered reporting of UE reference signal level measurements similar as in UTRA. Furthermore, the results also seem to indicate that it might be beneficial to do some optimisation of Time-To-Trigger parameters for different DRX cycles. 

However, it is important to note that in order to fully understand the complete E-UTRA handover performance and the implications of different UE measurement aspects, more statistics e.g for the actual data reception and assumptions of data traffic during DRX operations are needed. Additionally, different handover scenarios that E-UTRA needs support should be studied.
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Annex A: Simulation Assumptions

	Feature/Parameter
	
	Value/Description

	Simulation time step
	
	71.43 µs

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	375 kHz

	Sub-frame length
	
	0.5 msec

	Reuse factor
	
	1

	Number of symbols per TTI
	
	7

	Number of data symbols per TTI
	
	5

	Number of control symbols per TTI
	
	2

	Cell layout
	
	Hexagonal grid, 19sites/57 cells

	Inter site distance (ISD)
	
	500 m

	Minimum distance between UE and cell site
	
	35 m

	Number of UEs per sector
	
	4

	Antenna pattern
	
	70-degree sectored beam

	Distance-dependent path loss
	
	128.1 + 37.6log10(r)

	Penetration loss
	
	20 dB

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation between BSs/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	Typical Urban

	UE speed
 (Maximum Doppler frequency)
	
	3 km/h

	receiver antenna
	
	SISO

	Traffic model (% of occupied Resource Block)
	
	100%


