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Discussion and decision
1
Introduction

UE measurement bandwidth has already been discussed in several RAN1 and RAN4 meetings. In the last RAN4 meeting #42bis the following agreements were made and captured in [4]: 
It was agreed as a working assumption that UE RSRP measurement requirements will be developed based on 1.25 MHz UE measurement BW. 

•
This will be communicated to RAN1 (and RAN2) in the beginning of the RAN4#43 meeting

It was also agreed that it will also be studied further by the next RAN4 meeting (Kobe meeting)

o
whether it is beneficial (enough) to allow the UE to utilize wider UE measurement BW for its performance optimization and 

o
whether any signalling support is needed (and if yes, what kind of signalling)
In this contribution we present additional system simulation results to clarify the two remaining open questions. We also present simulation results studying the impact of time domain filtering lengths on handover performance. This was also one of measurement topics discussed in the last RAN4 meeting and further in the RAN4 reflector.
In [3] we have presented system level simulations results for analysing handover performance for the serving frequency layer using different UE measurement bandwidths in the handover evaluation. In those simulations no measurement error was included to the UE RSRP (Reference Symbol Received Power) measurements. In the results presented in this contribution we have also considered measurement errors in the UE RSRP measurements. The RSRP measurement was selected as one of the UE measurement quantities used for mobility support [2].
The first set of simulations presented in this contribution compare the impacts of different UE measurement bandwidths on hard handover performance when measurement errors are included to RSRP measurements. In the second set of simulations presented we investigate the implications of different time domain filtering parameters on handover performance.  

2
System Simulation Results
2.1 Simulation Setup

The impacts of UE measurement bandwidths on 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. Measurement errors due to non-ideal UE measurements are introduced to the simulations. In the simulations we assume that measurement error in the RSRP measurements follows log-normal distribution with a given deviation. 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. In each measurement, RSRP is calculated by adding receiving power of all first reference symbol (R0) in the sub-frame over the measurement bandwidth. 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. 
Measurement errors are added to the averaged RSRP measurement results. Measurement errors follow log normal distribution with zero mean. The variance of the errors are set so that 90% of the measurements errors are within a given measurement error limit (e.g. 90% of the measurement errors do not exceed 2 dB). Similar error modelling has also been used in the earlier RAN4 UTRA measurement studies. 
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.
Similarly for [3] also for this contribution we have performed simulations in 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 the contribution.

Table 1 Simulation Scenarios

	Scenario
	UE Speed
	Inter-Site Distance (m)
	Penetration loss (dB)

	3GPP Case 1 as defined in TR25.814
	3 km/h
	500
	20

	3GPP Case 2 as defined in TR25.814
	30 km/h
	500
	10

	Case 120
	120 km/h
	500
	10


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

2.2 Impact of UE Measurement Bandwidth when Measurement Errors exist
Figure 1 and Figure 2 show simulation results for different UE measurement BW options in terms of relative number of handovers compared with the 1.25MHz UE measurement bandwidth case. In Figure 1 both non-DRX and DRX operations have been considered. 
In the non-DRX cases sliding window size in the UE RSRP measurements has been 200 ms, the measurement interval = sliding window step 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). In the DRX cases sliding window size has been 800 ms, the measurement interval= sliding window step 200 ms and no Time to Trigger time domain hysteresis has be used in the handover event evaluation. In each case we evaluate the number of handovers without measurement errors and with 2 dB measurement error. RB SNIR levels are not captured in the document but they did not vary significantly between different bandwidth options. Both in the non-DRX and DRX simulations 1.25 MHz measurement bandwidth resulted in ~0.4 dB worse RB SNIR at the 5%-ile CDF point than 10 MHz measurement bandwidth when 2 dB measurement error was applied to the RSRP measurements. Additionally, 2 dB measurement error caused approximately 0.2 dB degradation to the RB SNIR results at the 5%-ile CDF point compared to the case that no measurement error was applied to the measurements. 

As already seen in the results presented in [3] also the latest results indicate that wider UE measurement bandwidth may be beneficial in reducing number of handovers. However, as anticipated in the last RAN4 meeting the gains are less significant when 2dB measurement error is introduced to the simulations. However, the reduction in the number of handovers is still noticeable. The same trend can be observed both in the non-DRX and DRX cases. 
Figure 2 presents relative number of handovers for different simulation scenarios where also UE speed has been varied. UE measurement bandwidth has been varied from 10MHz to 1.25MHz. No DRX is assumed in these simulations. Thus, the sliding window size has been 200 ms, the measurement interval = sliding window step 50 ms and no Time to Trigger has been used. Measurement error of 2dB has been applied to the RSRP measurements. Figure 2 indicates that wider measurement bandwidths can provide some benefits in terms of number of handovers in all the three simulated cases even if measurement errors occur in the RSRP measurements. However, the gains are quite moderate with higher UE speeds as given time domain filtering length provides more averaging for higher UE speeds. RB SNIR variation at the 5-%ile CDF point has again been only ~0.2 dB between the simulation cases with different UE measurement bandwidths. It should also be noted again that in [3] it was already shown that in low mobility cases increase in Time to Trigger parameter value seems to reduce the number of handovers more effectively than wider UE measurement bandwidth. Based on this finding it was seen sufficient to develop the minimum UE measurement requirements using 1.25 MHz measurement bandwidth assumption.
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Figure 1:  Relative number of handovers as function of UE measurement BW for measurement error and time domain parameters: Sliding Window Size/Measurement Interval/Time to Trigger,Measurement Error
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Figure 2: Relative number of handovers as function of UE measurement BW with 2dB measurement error in different scenarios. Sliding Window Size = 200 ms, Measurement Interval = 50 ms, Time to Trigger = 0 ms and Measurement Error = 2 dB for 95% of the cases
2.3 Impact of Sliding Window Size
In Figure 3 we investigate how sliding window size (i.e. measurement period) affects handover performance in Case 1.  In the simulations the sliding window size has varied from 200ms to 800ms. For all the cases the measurement interval was 50 ms and no Time to Trigger time domain hysteresis was used. Also No UE measurement error was applied to the RSRP measurements in these simulations. As expected, the results indicate that longer sliding window size can be used to reduce number of handovers. Relative reduction is somewhat smaller for the wider measurement bandwidths cases.  RB SNIR results at 5%-ile CDF point vary in the simulations ~0.4 dB. Based on these results it would seem attractive to allow E-UTRAN network to have some level of control in extending UE time domain filtering.
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Figure 3: Relative number of handovers compared with the 200ms sliding window case, 3GPP Case 1, Measurement Interval/Time to Trigger: 50/0
4
Conclusions
In this contribution we have continued our studies of handover performance with different UE measurement bandwidths. In these new simulations we have introduced measurement errors to UE RSRP measurements. The impact of measurement errors was seen as one of the remaining open items in the UE measurement bandwidth studies in the last RAN4 meeting #42bis.
Similarly as our previous simulations presented in [3] also these new simulation results with measurement errors indicate some reduction in the number of handovers when wider UE measurement bandwidths are used. However, the reduction is mainly visible in the low mobility cases, which are less sensitive to larger time domain filtering or time domain hysteresis (like Time to Trigger) as discussed in RAN4#42bis. 

In the document we have also studied the impact of different time domain filtering lengths on E-UTRA handover performance. The results indicate that longer time domain filtering similarly as time domain hysteresis can be used for reducing the number of handovers, especially in the low mobility cases. 

Based on these and the previous results in [3] it would seems attractive to allow terminals to optimise their mobility measurements 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 in the neighbouring cells or some interference coordination scheme. However, as the performance benefits are not that significant and no large differences between different measurements bandwidths were observed in the handover performance, we do not see any need for the network to explicitly recommend a certain measurement bandwidth for the UE. Instead we believe rather simple signalling for allowing the UE to utilise wider measurement bandwidth is sufficient, e.g. 1 optional bit in the system information of the serving cell. For instance when necessary, this optional information element could be used to indicate if it is not safe for a UE to utilise wider measurement bandwidth than 1.25 MHz (BW of P-SCH and S-SCH). If this information element is not signalled, the UE could assume that it can utilise measurement bandwidth up to the operating bandwidth of its current serving cell for its measurement optimisations. 
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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 /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, 2 dB 

	
	HO Margin
	3dB

	Receiver diversity
	
	2RX MRC


