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Discussion and decision
1
Introduction
In RAN#43, it has been agreed as a working assumption that UE RSRP measurement requirement will be developed based on 200ms measurement period [1]. This has been captured in section 12.1 of TR36.801 as below.

In RRC_CONNECTED state if UE DRX is not active the physical layer measurement period for intra frequency RSRP measurement is 200 ms.

However, during the last RAN4 some companies felt that shorter measurement period than 200 ms (e.g. 10ms) could be adopted. In the meeting it was also noted that shortening the measurement period would reduce UE implementation flexibility which is normally seen essential for ensuring various different operations in the UE in an efficient manner. In this contribution we study whether shorter measurement period could provide clear system performance benefits that would justify the reduction in UE implementation flexibility. These studies are performed both in typical macro cell and Manhattan scenarios.
2
System Simulation Results
2.1 Simulation Setup

We have studied system performance with different measurement periods 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 and perform RSRP measurements over a given measurement period. Filtered RSPR measurements are then used for handover decisions. We have assumed similar event-triggered measurement reporting and HO triggering as in UTRA. The used handover parameters are also similar to those used in UTRA. Since the main motivation given for shorter measurement period has been faster handovers we have not used any time-to-trigger value in the handover triggering as it works as time domain hysteresis.  
In order to understand whether shorter measurement period could be justified by clear system performance gains we have simulated different measurement periods (10ms, 20ms, 50ms, and 200ms) and HO decision delays (0ms and 100ms). In the study, both typical macro and Manhattan scenarios are considered as they are expected to represent two rather different kind of deployment scenarios. The simulation scenarios are listed in Table 1. 
Table 1 Simulation Scenarios

	Scenario
	UE Speeds
	Inter-Site Distance (m)

	3GPP Case 1 as defined in TR25.814
	3, 30 and 120  km/h
	500

	Manhattan Scenario as defined in TR25.814
	3, 30 and 120 km/h
	


2.2 Simulation Results in Macro Cell Scenarios
To better understand potential benefits and other implications shorter measurement period would have on E-UTRA system, we have gathered the following statistics of the simulations; (1) number of handovers, (2) spectrum efficiency, (3) users throughput distributions.

Figure 1 illustrates the number of handovers in the Case1 Macro and with different RSRP filtering periods, UE speeds and HO decision delays of 0ms and 100 ms. 
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Figure 1: The number of handovers for different filtering periods and UE speeds in Case 1 Macro Scenario with HO decision delays of 0 ms and 100 ms 

From the results in Figure 1 we can see that in all cases short RSRP filter lengths clearly increase the number of handovers causing additional network RRM algorithm challenges and signalling overhead in radio interface and X2 interface between source and destination base stations. When UE speed is low, this effect is more obvious. For example, the number of handovers is over 15-fold between 10ms and 200ms measurement period when UE speed is 3km/h. At other velocities there is roughly 3-time increase in number of handovers. 
Figure 2 shows spectrum efficiency results for Macro Case1 with different UE speeds and different HO decision delays in relative value comparing with the case of 200ms measurement period, and in absolute value separately. From these figures, no very clear trend can be distinguished. The observed spectral efficiency fluctuates quite a lot as a function of RSRP filter length at UE velocity of 30km/h. 
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Figure 2: Relative and absolute spectrum efficiency results in Macro Case 1 (parameters: UE speed/HO decision delay). Comparison in relative figures is done with 200ms RSRP filter length
Figure 3 and Figure 4 show the user throughput distributions and more detailed view of the lower tail for the 3km/h and 120 km/h in Macro Case1. No real differences can be observed between the two RSRP filter lengths in the user throughput distributions either. E.g. at the 3km/h case around the lower %-ile slight improvement can be seen from the shorter RSRP filter length. However the order of curves is varying, indicating even a slight loss from the shorter measurement period at higher throughput levels, thus it is very difficult to observe any clear difference when varying HO decision delay and measurement period.
	[image: image5.emf]User Throughput Distribution

(3km/hour, Measurement Period/HO Decision Delay)

0

0.2

0.4

0.6

0.8

1

1.2

0 1000 2000 3000

User throughput (kbits/second)

probability

10ms/0ms 200ms/0ms 10ms/100ms 200ms/100ms


	[image: image6.emf]User throughput distribution at cell edge area

(3km/hour, Measurement Period/HO Decision Delay)

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 200 400 600 800

User throughput (kbits/second)

probability

10ms/0ms 200ms/0ms 10ms/100ms 200ms/100ms




Figure 3: User throughput distributions including detailed view of user Tput distribution for lower end values (Macro cell, UE speed = 3km/h)
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Figure 4: User throughput distributions including detailed view of user Tput distribution for lower end values (Macro cell, UE speed = 120 km/h) 
2.3 Simulation results in Manhattan Scenarios
In addition to the macro scenario also the Manhattan scenario was evaluated for the same parameters and metrics. However, it should be noted that the highest velocity of 120 km/h in the Manhattan scenario is rather extreme (no realistic). The results are presented here for comparison purposes only.
Figure 5 illustrates the number of handovers in the Manhattan scenario and with different RSRP filtering periods, UE speeds and with and without HO decision delay. Again we can see how shorter RSRP filtering periods clearly increase the number of handovers.
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Figure 5: The number of handovers for different RSRP filtering periods and UE speeds in Manhattan Scenario with HO delays of 0 ms and 100 ms 
Figure 6 to Figure 8 show spectrum efficiency and user throughput distributions. Basically, we can observe the same outcome as in the Macro scenario. There is some variation in the spectral efficiencies but no trend of shorter RSRP filtering lengths improving spectral efficiency. Occasionally short RSRP filter lengths even degrade the spectral efficiency. For user throughputs, similarly, as for macro scenario, the order of curves is varying. No real differences can be observed in user throughput distributions in the Manhattan scenario apart from some variation in the 120km/h case with 0ms HO decision delay.  
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Figure 6: Relative and absolute system spectrum efficiency vs. RSRP filter length (Manhattan, parameters: UE speed/HO decision delay)
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Figure 7: User throughput distributions including detailed view of user Tput distribution for lower end values, (Manhattan, UE speed = 3km/h)
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Figure 8: User throughput distributions including detailed view of user Tput distribution for lower end values, (Manhattan, UE speed = 120km/h)
4
Conclusions
In this contribution we have studied using dynamic system simulations whether RSRP measurement period shorter than 200 ms could provide system performance benefits. The performance evaluations have been done in macro cell (Case1) and in Manhattan scenarios with different UE velocities, RSRP filtering lengths and with and without HO decision delay in order to cover two rather different types of environments. 
The results presented in the contribution confirm the expected finding that reduction in RSRP filter lengths causes clear increase in the number of handovers. However, no noticeable gain can be observed in user throughputs or spectral efficiency. Too frequent handovers would consume radio resource unnecessarily and increase the signalling overhead on X2 interface. Thus, too frequent handovers should be avoided in real networks. 
Based on the findings of this contribution we do not see any need for reducing in UE implementation flexibility by having shorter RSRP measurement period than 200 ms. Consequently, we propose to keep the current agreed 200ms RSRP measurement period as working assumption in designing E-UTRA UE RRM requirements.
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Annex 1: Simulation parameters
	Feature/Parameter
	
	Value/Description

	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
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	10

	Number of control symbols per TTI
	
	4

	3GPP Macro Cell Scenario
	Cell layout
	27 sectors/10 BSs

	
	Inter site distance (ISD)
	500 m

	
	Minimum distance between UE and cell site
	35 m

	
	Number of UEs per sector
	6

	
	Antenna pattern
	70-degree sectored beam

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

	Penetration loss
	
	20 dB (macro), 0dB (Manhattan)

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	Typical Urban

	Traffic model
	
	Infinite Buffer

	Cell Load
	
	100%

	UE Speed
	
	3, 30 and 120 km/h

	Handover Measurement
	Measurement Period
	10ms, 20ms, 50ms, 200ms

	
	# of measured samples in one measurement period
	5

	
	Time-To-Trigger
	0ms

	
	HO Decision delay
	0ms, 100ms

	
	Measurement Error
	0dB

	
	HO Margin
	3dB

	Receiver diversity
	
	2RX MRC

	Packet Scheduler
	Frequency Domain Packet Scheduler
	Proportional Fairness

	
	Time Domain Packet Scheduler
	Proportional Fairness













































































