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1 Introduction

RAN1 in their LS has requested RAN4 to study the impact of measurement bandwidth on the two mobility related measurements, namely RSRP and E-UTRA carrier RSSI [1]. Two possibilities for the evaluation were suggested in RAN1 LS: i) measurement bandwidth equal to the center 72 sub-carriers for all cell bandwidths ii) measurement bandwidth larger than 72 sub-carriers and could be signaled by the network to the UE . 

In the last RAN4 meeting (RAN4#42bis) some companies already provided simulations analyzing the impact of measurement bandwidth in different scenarios. However, no consensus was reached therefore RAN4 could not conclude on this issue. It was thus decided to discuss this further during RAN4#43 [2]. 
In this paper we provide link level simulation results comparing showing the impact of different measurement bandwidths with and without higher layer filtering on RSRP. RSRP is the quantity measured per cell. It is used for both handover between cells belonging to the same carrier frequency or to the different carrier frequencies. 

The impact on the second measurement, E-UTRA carrier RSSI is discussed in another contribution [3].  

2 Simulation Scenario and Model
The results are obtained from link level simulation analysis. During physical layer measurement period (L1=200 ms) the measurement samples are collected at least once every 50-70 ms in this simulation. The simulation parameters are summarized in table 1.

Table 1: Simulation parameters used to study RSRP accuracy

	Parameters
	Value
	Unit

	Measurement bandwidths
	1.25, 10
	MHz

	System bandwidth
	10
	MHz

	Physical layer measurement period (L1)
	200 
	ms

	Measurement sampling rate
	Once per 50-70
	ms

	Receive antennas (linear sum)
	2
	

	Propagation conditions
	PA1, PA3, TU50
	

	Frequency band
	2.6
	GHz

	Interference from other cells [Ioc] 
	-70 
	dBm

	Power received from own cell to Ioc [Ior/Ioc]
	-3, 0, 3
	dB


The RSRP results are expressed in terms of the distribution of the difference between the estimated RSRP and the ideal RSRP using 1.25 MHz and 10 MHz measurement bandwidths. In both cases the system bandwidth is 10 MHz. The study is done for the following two propagation environments: 

· Low Doppler and smaller time dispersion (PA1 and PA3 at 2.6 GHz)

· Higher Doppler and larger time dispersion (TU50 at 2.6 GHz - Doppler ( 130 Hz)
3 RSRP Accuracy without High Layer Filtering

In this section results are provided without any higher layer filtering or layer-3 filtering in WCDMA terminology [4]. This means the RSRP distribution results are base only on L1 filtering described above.
Low Doppler and smaller time dispersion:
Figure 1 shows delta RSRP distribution at both -3 dB and 3 dB geometry values (i.e. Ior/Ioc = - 3 dB and 3 dB) for measurement bandwidth = 1.25 MHz and 10 MHz. The ideal RSRP is the true error free average received RSRP over 200 ms averaging interval. It does not include any channel estimation noise but uses the same measurement sampling rate as used for the estimated RSRP. 

The figure clearly shows that RSRP measured over a larger bandwidth (i.e. 10 MHz in this case) provides more accurate estimation of RSRP compared to the case when 1.25 MHz is used. The performance improvement, measured as reduction in deviation from mean at 5th percentile, of larger measurement bandwidth in case of PA1 is larger than 3 dB. In case of PA3 (figure 2) the gain of using larger measurement bandwidth is in the order of 2 dB.  
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Figure 1: Impact of measurement bandwidth in PA1 (L3 filtering disabled)

[image: image2]
Figure 2: Impact of measurement bandwidth in PA3 (L3 filtering disabled)
Higher Doppler and larger time dispersion:

Figure 3 shows delta RSRP distribution also at -3 dB and 3 dB geometry values for measurement bandwidth = 1.25 MHz and 10 MHz in TU50 radio environment. The results show that larger measurement bandwidth (10 MHz) slightly improves the RSRP accuracy in the order of 1 dB.

[image: image3]
Figure 3: Impact of measurement bandwidth in TU50 (L3 filtering disabled)
4 RSRP Accuracy with High Layer Filtering

In this section RSRP distribution results are obtained from the measurement samples that are the output of a higher layer filter, which in turn filters the layer-1 (L1) samples obtained every 200 ms measurement period. The higher layer filtering is done according to layer-3 filter specified in WCDMA specification [4]. Thus L3 filtering is performed according to the following formula.
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Fn is the updated filtered measurement result

Fn-1 is the old filtered measurement result

Mn is the latest received measurement result from physical layer measurements, i.e. L1 sample received every 200 ms in the simulation.
a = 1/2(k/2), where k is the network controlled parameter.

More details on L3 filtering can be found in WCDMA specifications [4-5].

The simulation results are provided for k=2 and k=3 as they are found to provide reasonable tradeoff between time constant and measurement performance in WCDMA:
Low Doppler and smaller time dispersion:

Figure 4 shows delta RSRP distribution after L3 filtering (k=2) at both -3 dB and 3 dB geometry values (i.e. Ior/Ioc = - 3 dB and 3 dB) for measurement bandwidth = 1.25 MHz and 10 MHz. The ideal RSRP is the true error free average received RSRP over 200 ms averaging interval. Similar results are also shown for PA3 in figure 5. The results show that with higher layer filtering there is an improvement of at least 1 dB in the standard deviation of RSRP in both PA1 and PA3 environment compared to the case when only L1 filtering is used (i.e. k=0). 
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Figure 4: Impact of measurement bandwidth in PA1 (L3 filtering enabled: k=2)

[image: image7]
Figure 5: Impact of measurement bandwidth in PA3 (L3 filtering enabled: k=2)
Higher Doppler and larger time dispersion:

Figure 6 shows delta RSRP distribution also at -3 dB and 3 dB geometry values for measurement bandwidth = 1.25 MHz and 10 MHz in TU50 radio environment. The results show that higher layer filtering improves the RSRP accuracy in the order of 0.5 dB compared to the case when only L1 filtering is used (i.e. k=0).


[image: image8]
Figure 6: Impact of measurement bandwidth in TU50 (L3 filtering enabled: k=2)
5 Overall Summary of Results 

It has been observed that without higher filtering (i.e. L3 filtering disabled) the use of larger measurement bandwidth leads to significant improvement of RSRP performance (between 2-3 dB) in radio environments characterized by low Doppler and smaller delay spread. This would lead to correct handover evaluation and thereby would minimize call dropping. However, in an environment with high or moderate Doppler and larger delay spread, larger measurement bandwidth does not provide ample performance edge over a shorter measurement bandwidth (i.e., 1.25 MHz). 
On the other hand the use of higher layer filtering has shown to significantly improve the RSRP measurement accuracy with smaller measurement bandwidth (i.e., 1.25 MHz). Thus the reliability of RSRP can be improved by making use of higher layer filtering in most scenarios. 
However, it should be noted that higher layer filtering due to longer filtering time constant (e.g. 1-2 seconds depending upon k) is less likely to compensate for the measurement errors in scenarios where there is rapid change in propagation conditions (e.g. corner effect in Manhattan type environment). Thus larger measurement bandwidth could be beneficial in such propagation scenario.
6 Conclusions
In this contribution we have analyzed the impact of measurement bandwidth on RSRP using link level simulations in different propagation models: PA1, PA3 and TU50. In addition the impact of higher layer filtering on RSRP measurement performance has also been studied. It has been observed that to large extent higher layer filtering is able to compensate for measurement inaccuracies that are caused due to smaller measurement bandwidth (1.25 MHz) especially in low Doppler environment. However, higher layer filtering would have minimal impact when there is sudden change in the propagation conditions. In that case a combination of larger measurement bandwidth and shorter measurement period (e.g. disabled higher layer filtered) could be beneficial.
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Annex: RSRP results with higher layer filtering (k=3)
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Figure A.1: RSRP performance in PA1 with L3 filtering enabled (k=3)
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Figure A.2: RSRP performance in PA3 with L3 filtering enabled (k=3)
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Figure A.3: RSRP performance in PA3 with L3 filtering enabled (k=3)
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