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1
Introduction

In this contribution we present system level simulations results for analysing handover performance for the serving frequency layer using different UE measurement bandwidths in the handover evaluation. Although not all the relevant measurement configurations, which could be considered in handover evaluations, are thoroughly simulated yet, it is expected that the results presented in this contribution already give some direction for the measurement definition work.  
The intention of the dynamic system level simulations presented in this contribution is to compare the hard handover performance using different UE measurement bandwidths in the Reference Symbol Received Power (RSRP) measurements. The RSRP measurement was selected as one of the UE measurement quantities used for mobility support [2]. In these simulations we have concentrated on DL performance studies as any potential short term correlation or variation in the measurements can be better observed in the DL results. Furthermore, in the simulations we have concentrated on the serving frequency layer, which we see as the most critical on from the handover performance perspective in a frequency re-use = 1 network as discussed earlier.  

2
System Simulation Results
The performances of UE measurement bandwidths in handover evaluation are studied 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. No measurement error due to UE implementation impairments is used in the simulations but the actual measurements have been accurately modelled in the simulator. Both frequency and time domain averaging have been explicitly modelled in the simulations. We have assumed similar event-triggered measurement reporting and HO triggering as in UTRA. We have used RSRP measurements for evaluating the best cell. The used handover parameters are also similar to those used in UTRA.

We have implemented the event-driven HO procedure to the simulator by the UE conducting RSRP measurements for the serving cell and its intra-frequency neighbour cells periodically. The UE performs measurements for the cells over given UE measurement bandwidth after every “measurement interval” period. The collected measurement results are then non-coherently averaged over a sliding window ( “sliding window size”). New updated averaged measurement results are obtained after every “sliding window step”, where the sliding window step equal to the measurement interval . If the averaged measurement results satisfy a given HO evaluation criteria for a given “time to trigger” period, the UE will send a measurement report to the network, which then initiates the actual Hard HO execution. In the simulations, “time to trigger” parameter is defined in similar manner as in TS25.331 for UTRA. Relative RSRP based event-triggered reporting criteria are used in the simulations. Additionally, it has been assumed that all terminals are able to perform the serving frequency layer measurements (i.e. measurements between cells with the same carrier frequency and operating BW) without gap assistance.
In these simulations we have studied three macro cell simulation scenarios with different UE speeds, Table 1 below shows the main differences between the scenarios. Other parameters can be found in the annex of this contribution.
Table 1 Simulation Scenarios

	Scenario
	UE Speed
	Penetration loss (dB)

	3GPP Case 1 as defined in TR25.814
	3 km/h
	20

	3GPP Case 2 as defined in TR25.814
	30 km/h
	10

	Case 120
	120 km/h
	10


Note: Case 120 is a variant of 3GPP Case 2. The only difference is the UE speed (120 km/h)

Figure 1 and Figure 2 show simulation results in terms of changes in the number of handovers when UE measurement bandwidth is varied between 10 MHz and 1.25 MHz. First in Figure 1 we present results for a case that the sliding window size in the UE RSRP measurements has been 200 ms, the measurement interval 50 ms and no Time to Trigger time domain hysteresis has be used in the handover event evaluation (i.e Time to Trigger = 0 ms). Next in Figure 2 we show results for otherwise the same measurement assumptions but in the event evaluation Time to Trigger value of 200 ms has been used. 
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Figure 1 Change in the number of handovers as function of UE measurement BW for Sliding Window Size/Measurement Interval/Time to Trigger = 200/50/0 ms
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Figure 2 Change in the number of handovers as function of UE measurement BW for Sliding Window Size/Measurement Interval/Time to Trigger = 200/50/200 ms
In Table 2 - Table 4 we compare RB SNIR results for these three different simulations cases (Case 1 with 3 km/h, Case 2 with 30 km/h and Case 120 with 120 km/h). Although it should be noted that RB SNIR results for scheduled users can naturally be affected by a scheduler, the presented RB SNIR results can be used for comparing the performances of different UE measurement bandwidths used in the handover evaluation by the UE as the same scheduler assumptions have been used in all the simulations. The results show that in the low mobility case (Case 1) the 5%-file RB SNIR results do not get impacted much by the increase of the Time to Trigger parameter value of 200 ms while in case of higher mobility case of Case 120 reduction in RB SNIR is already noticeable when longer Time to Trigger value of 200 ms is used. It is expected that this type of handover parameters used in the handover evaluation are adjusted per deployment scenario so that different parameter values are used in e.g. cells located in pedestrian areas and by high ways. 
Table 2 RB SNIR results for 3 km/h (Sliding Window/Time-To-Trigger of 200ms/200 ms and 200ms/0 ms)

	UE Measurement BW [MHz]
	RB SNIR [dB] @5%-ile

(200/200)
	RB SNIR [dB] @5%-ile

(200/0)
	RB SNIR [dB] @50%-ile

(200/200)
	RB SNIR [dB] @50%-ile

(200/0)
	RB SNIR [dB]   @95%-ile

(200/200)
	RB SNIR [dB]   @95%-ile

(200/0)

	10
	-1
	-0.8
	10.4
	10.4
	25.8
	25.8

	5
	-1
	-0.8
	10.4
	10.4
	25.8
	25.8

	2.5
	-1
	-0.8
	10.4
	10.4
	25.8
	25.8

	1.25
	-1
	-0.8
	10.4
	10.4
	25.8
	25.8


Table 3 RB SNIR results for Case 2 with 30 km/h (Sliding Window/Time-To-Trigger of 200ms/200 ms and 200ms/0 ms)

	UE Measurement BW [MHz]
	RB SNIR [dB] @5%-ile

(200/200)
	RB SNIR [dB] @5%-ile

(200/0)
	RB SNIR [dB] @50%-ile

(200/200)
	RB SNIR [dB] @50%-ile

(200/0)
	RB SNIR [dB]   @95%-ile

(200/200)
	RB SNIR [dB]   @95%-ile

(200/0)

	10
	-4.2
	-3
	8.8
	9
	24.4
	24.4

	5
	-4.2
	-3
	8.8
	9
	24.4
	24.4

	2.5
	-4.2
	-3
	8.8
	9
	24.4
	24.4

	1.25
	-4.2
	-3
	8.8
	9
	24.4
	24.4


Table 4 RB SNIR results for Case 120 with 120 km/h (Sliding Window/Time-To-Trigger of 200ms/200 ms and 200ms/0 ms)

	UE Measurement BW [MHz]
	RB SNIR [dB] @5%-ile

(200/200)
	RB SNIR [dB] @5%-ile

(200/0)
	RB SNIR [dB] @50%-ile

(200/200)
	RB SNIR [dB] @50%-ile

(200/0)
	RB SNIR [dB]   @95%-ile

(200/200)
	RB SNIR [dB]   @95%-ile

(200/0)

	10
	-7.6
	-4.6
	8
	8.8
	24.4
	24.4

	5
	-7.6
	-4.6
	8
	8.8
	24.4
	24.4

	2.5
	-7.6
	-4.6
	8
	8.8
	24.4
	24.4

	1.25
	-7.8
	-4.6
	8
	8.8
	24.4
	24.4


Both the results in Figure 1 (Time to Trigger = 0ms) and Figure 2 (Time to Trigger = 200ms) indicate the largest relative reduction in the number of handovers due to wider UE measurement bandwidth in the lowest mobility case (Case 1) without significant changes in the observed RB SNIR levels. Thus, in Table 5 we have studied the low mobility Case 1 with the two different Time to Trigger parameter values of 0 ms and 200 ms a bit more in details in order to understand better how much the number of handovers could be reduced by increasing the UE measurement BW and how much the number of handovers could e.g. be reduced by e.g. adjusting the Time to Trigger parameter value (or some other similar handover event evaluation parameter value). The results seem to suggest that the usage of Time to Trigger parameter in the event evaluation is even more efficient than increase in UE measurement BW. 
Table 5 Change in the number of handovers as a function of UE measurement BW for two different Sliding Window/Time-To-Trigger combinations 200ms/0ms and 200ms/200ms, Case 1 (3 km/h).

	UE Measurement BW [MHz]
	Change in # of HOs compared to 1.25 MHz measurement BW [%]

	
	Case 1

3 km/h

(200/0)
	Case 1

3 km/h

(200/200)

	10
	-69 %
	-84 %

	5
	-60 %
	-84 %

	2.5
	-31 %
	-81 %

	1.25
	0 % (ref)
	-81 %


In Figure 3 and Table 6 we have investigated how DRX operations, where less frequent measurements are performed  to save battery in the UE, could affect handover performance with different UE measurement bandwidths. In the DRX simulations the measurement interval has been 200 ms instead of 50 ms as in the previous simulations. Also the sliding window size has been adjusted to 800 ms instead of 200 ms. No additional time domain hysteris like Time to Trigger has been used in these simulations. 
[image: image3.emf]Increase in the # of HOs compared to 10 MHz UE 

measurement BW (800/200/0 ms)

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

120.00%

10 5 2.5 1.25

UE Measurement BW

Change in # of HOs [%]

200 ms DRX

operations


Figure 3 DRX: Change in the number of handovers as function of UE measurement BW for Sliding Window Size/Measurement Interval/Time to Trigger = 800/200/0 ms in Case 1 ( 3km/h)
Table 6 DRX: RB SNIR results for Case 1 (3 km/h) when Sliding Window Size/Measurement Interval/Time to Trigger = 800/200/0 ms
	UE Measurement BW [MHz]
	RB SNIR [dB] @5%-ile

DRX
	RB SNIR [dB] @50%-ile

DRX
	RB SNIR [dB]   @95%-ile

DRX

	10
	-1
	10.4
	25.8

	5
	-1
	10.4
	25.8

	2.5
	-1
	10.4
	25.8

	1.25
	-1.2
	10.4
	25.8


4
Conclusions
In this contribution we have presented system simulation results studying the impact of UE measurement bandwidth in the RSRP measurements used for handover evaluation. The simulated UE measurement bandwidths were ~ 1.25 MHz, 2.5 MHz, 5 MHz and 10 MHz while the system operating BW in all cases was 10 MHz. Only sub-carriers carrying reference signal were used for the RSRP measurement purposes.
The results indicate some differences primarily in the number of handovers between different UE measurement bandwidths but it should also be noted that similar differences can also be observed when other measurement and handover evaluation parameters like measurement period and time domain hysteresis like Time to Trigger are adjusted. The actual measurement interval within a measurement period, which is typically left open for terminal implementation like in UTRA, also affects the UE measurement results. In the simulation cases presented in the document reduction in the number of handovers due to wider measurement bandwidth are primarily visible in the low mobility cases, which are also the least sensitive to larger measurement periods and time domain hysteresis. Furthermore, differences in the RB SNIR results due to different measurement bandwidths are even less significant than in the number of handovers. 
It is expected that handover event-triggered reporting parameters used in the handover evaluation are adjusted per deployment scenario so that different parameter values are used in e.g. cells located in pedestrian areas and by high ways. In those cells where mixture of pedestrian and high mobility users appear, it may be more difficult to optimise handover evaluation and related measurement parameters for all users in the cell. As a result, a wider UE measurement BW may be beneficial for improving handover evaluation accuracy e.g. in such mixed cell scenario. However, since some variation will anyway occur between different UE implementations as only minimum performance requirements will be developed, it is difficult to justify based on the results presented in this contribution that wider UE measurement bandwidth need to be mandated. Based on the results it is seen attractive to allow terminals to optimise their measurement performance by utilising wider measurements bandwidth when wider operating BW is used and usage of wider measurement bandwidth is not explicitly denied e.g. due to different operating bandwidths of the neighbouring cells or some interference coordination scheme.
Based on the findings presented in this contribution we propose that unless explicitly denied by the network through signalling e.g. in the system information, terminals are allowed to utilise wider measurement BW than 1.25MHz to optimise their neighbour cell measurement performance used in the handover evaluations. Furthermore, as in any case not all UE measurement details can be explicitly specified due to several differences in terminal implementations, it is proposed that appropriate UE performance requirements and test cases are developed based on the 1.25 MHz measurement bandwidth assumptions for ensuring good minimum UE measurement performance for supporting handover evaluation
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Annex: 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 /10 dB

	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 Interval = Sliding Window Step
	50ms, 200ms (DRX)

	
	Sliding Window Size
	200ms,400ms, 800ms (DRX)

	
	Time-To-Trigger
	0ms, 200ms

	
	Measurement Error
	0dB

	
	HO Margin
	3dB

	Receiver assumptions
	
	2RX MRC


