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1
Introduction

In RAN4 #44 bis, inter-frequency RSRP measurement bandwidth was discussed [1]. It was suggested to investigate the impact of measurement bandwidth on inter-frequency measurement performance, and simulation scenario and assumptions were proposed [2]. 

This contribution provides simulation results on gap-assisted inter-frequency measurement performance. Not only measurement performance, but also cell identification performance was evaluated in order to evaluate the total inter-frequency measurement time. 
2 Simulation results

2.1 Simulation assumptions

Table 1 presents the simulation parameters for link-level simulations [2]. 

Table 1: Simulation parameters for inter-frequency measurement performance
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 and 50 resource blocks
	To simulate for 2 different measurement BW

	System bandwidth
	50 resource blocks
	

	Minimum RSRP L1 measurement period
	200 ms
	

	Measurement sampling rate
	- 
	Implementation specific

	L3 filtering
	Off/On (a = 0.5)
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	Gap length
	6 ms
	When UE can do IF cell ID detection and IF RSRP measurement

	Gap periodicity
	40 ms, 120 ms
	Repetition periodicity of gap (to simulate for 2 gap periodicity parameters)

	Transmit antenna
	1
	

	Receive antennas
	2
	Both antennas with equal gain and uncorrelated.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	ETU and EPA
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	Ioc
	AWGN
	Asynchronous scenario

	Ior/Ioc
	-8 to -3 dB
	To be varied


2.2 RSRP measurement accuracy
From a handover point of view, the effects of Rayleigh fading should be removed and only shadow fading should be taken into account in the RSRP measurements. In this section, the RSRP measurement accuracy was evaluated based on difference between 5%-ile measured RSRP and 95%-ile measured RSRP. The smaller the difference is, the better accuracy is achieved. 

Figure 1 presents the measured RSRP difference vs. number of RBs used for RSRP measurement. The CDF data for the measured RSRP are shown in Annex A. Findings are summarized as follows:

· The measurement accuracy would be degraded as the gap periodicity increase, because the number of the measurement samples decreases. (See the difference between solid lines and dotted lines)
· The measurement accuracy for 120 ms gap periodicity and 50 RBs would be equal to or better than that for 40 ms gap periodicity and 6 RBs (See red arrows in the figure). It means that wider measurement bandwidth could achieve better accuracy even if the gap periodicity is large and the measurement occasion is less frequent.
· L3 filtering could improve RSRP accuracy (See the difference between blue lines and pink lines in the figures). In other words, if the measurement time would be extended, the measurement accuracy would be improved. Assuming the coefficient a = 0.5, the measurement time would be doubled. Roughly estimating, the wider measurement bandwidth without L3 filtering provides accuracy which is comparable with narrow measurement bandwidth with L3 filtering.
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Figure 1 RSRP measurement accuracy
2.3 Total measurement time including cell identification time

Figure 2 presents average cell identification time vs. Ior/Ioc for the gap periodicity of 40 ms and 120 ms. Table 2 summarizes the total measurement time for Ior/Ioc = -3 dB, which could be regarded as typical geometry factor for handover. According to the results in Section 2.2, we roughly assumed that the measurement time for 50-RB measurement bandwidth would be 200 ms (w/o L3 filtering) and the one for 6-RB bandwidth would be 400 ms (w/ L3 filtering). The results indicate that a wider measurement bandwidth (50-RB measurement bandwidth) could significantly reduce the total measurement time compared to 6-RB measurement bandwidth. The ratio of 50-RB to 6-RB would be 0.5 - 0.7.
[image: image6.emf]0

50

100

150

200

-8 -7 -6 -5 -4 -3

SNR (Ior/Ioc) per antenna (dB)

Average cell search time (

msec

)

ETU 70Hz

AWGN

EPA 5Hz

Gap periodicity = 40 ms

0

50

100

150

200

-8 -7 -6 -5 -4 -3

SNR (Ior/Ioc) per antenna (dB)

Average cell search time (

msec

)

ETU 70Hz

AWGN

EPA 5Hz

0

50

100

150

200

-8 -7 -6 -5 -4 -3

SNR (Ior/Ioc) per antenna (dB)

Average cell search time (

msec

)

ETU 70Hz

AWGN

EPA 5Hz

Gap periodicity = 40 ms

[image: image7.emf]SNR (Ior/Ioc) per antenna (dB)

Average cell search time (

msec

)

ETU 70Hz

AWGN

EPA 5Hz

0

100

200

300

400

500

-8 -7 -6 -5 -4 -3

Gap periodicity = 120 ms

SNR (Ior/Ioc) per antenna (dB)

Average cell search time (

msec

)

ETU 70Hz

AWGN

EPA 5Hz

0

100

200

300

400

500

-8 -7 -6 -5 -4 -3

Gap periodicity = 120 ms


Figure 2 Average Cell Identification time
Table 2 Total Measurement Time

	
	Gap periodicity
	Measurement BW
	Cell identification
	Measurement
	Total
	Ratio (50 RBs/6 RBs)

	EPA5, Ior/Ioc = -3 dB
	40 ms
	6 RBs
	70 ms
	400 ms
	470 ms
	

	
	
	50 RBs
	70 ms
	200 ms
	270 ms
	0.57

	
	120 ms
	6 RBs
	200 ms
	400 ms
	600 ms
	

	
	
	50 RBs
	200 ms
	200 ms
	400 ms
	0.67

	ETU70, Ior/Ioc = -3 dB
	40 ms
	6 RBs
	70 ms
	400 ms
	470 ms
	

	
	
	50 RBs
	70 ms
	200 ms
	270 ms
	0.57

	
	120 ms
	6 RBs
	200 ms
	400 ms
	600 ms
	

	
	
	50 RBs
	200 ms
	200 ms
	400 ms
	0.67


3 Proposal
The working assumption that the UE measurement requirements would be developed based on 6-RB bandwidth would be reasonable for intra-frequency measurements, because it would be executed simultaneously to receiving the signals from the serving cell. A wider measurement bandwidth would directly increase the UE complexity. Therefore, unless any benefits due to utilizing a wider measurement bandwidth is foreseen, utilizing 6-RB UE measurements bandwidth might be a good compromise between UE complexity and handover performance. For inter-frequency measurements, however, it is felt that some re-considerations would be needed. Some key aspects to be taken into account in inter-frequency measurements are listed:

· Inter-frequency measurements would never be executed simultaneously to receiving signals from the serving cell. It implies that a wider measurement bandwidth would not increase the UE complexity.

· According to the results in the previous sections, wider measurement bandwidth could achieve better accuracy even if the gap periodicity is large and the measurement occasion is less frequent.
· Inter-frequency measurements would be executed during measurement gaps, which would be controlled by the serving cell. A longer measurement gap would degrade the throughput performance in both the uplink and downlink, because resource assignment would be stopped during the measurement gap. Hence, it is desired to minimize measurement gaps. As presented in the previous sections, a wider measurement bandwidth would allow shorter measurement time to achieve comparable measurement accuracy, and as such, it would be very beneficial.

· The current RAN2 working assumption regarding NCL for inter-frequency cells is that “For the search and measurement of inter-frequency neighbouring cells, only the carrier frequencies need to be indicated (other information FFS);” [3], i.e. the signalling mechanism for the carrier frequency has already been specified. It would be easy to add the bandwidth information to inter-frequency NCL, because it would be at most 3-4 bits.

Hence, the followings are proposed:

Proposal 1: UE RSRP measurement requirements in inter-frequency measurement shall be developed based on wider measurement bandwidth. 
Proposal 2: If Proposal 1 is agreed, measurement bandwidth for inter-frequency measurement shall be signaled through the inter-frequency NCL.
4 Conclusions

In this contribution, we presented simulation results on inter-frequency measurement performance. From the results, the following benefits due to wider measurement bandwidth are observed:

· Wider measurement bandwidth could achieve better accuracy even if the gap periodicity is large and the measurement occasion is less frequent.

· Wider measurement bandwidth could reduce the total inter-frequency measurement time

Furthermore, some key aspects, such as UE complexity, scheduling occasion, NW signalling, were discussed. Our proposals are listed below:

Proposal 1: UE RSRP measurement requirements in inter-frequency measurement shall be developed based on wider measurement bandwidth.
Proposal 2: If Proposal 1 is agreed, measurement bandwidth for inter-frequency measurement shall be signaled through the inter-frequency NCL.
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Annex A. CDF data for measured RSRP
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[image: image15.emf]ETU70, Ior/Ioc = -8 dB, Gap periodicity: 40 ms
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[image: image16.emf]EPA5, Ior/Ioc = -3 dB, Gap periodicity: 120 ms, L3 filtering
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[image: image17.emf]EPA5, Ior/Ioc = -8 dB, Gap periodicity: 120 ms, L3 filtering
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[image: image18.emf]EPA5, Ior/Ioc = -8 dB, Gap periodicity: 120 ms, L3 filtering
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[image: image19.emf]ETU70, Ior/Ioc = -8 dB, Gap periodicity: 120 ms, L3 filtering
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[image: image20.emf]EPA5, Ior/Ioc = -3 dB, Gap periodicity: 40 ms, L3 filtering
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[image: image21.emf]EPA5, Ior/Ioc = -8 dB, Gap periodicity: 40 ms, L3 filtering
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[image: image22.emf]ETU70, Ior/Ioc = -3 dB, Gap periodicity: 40 ms, L3 filtering
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[image: image23.emf]ETU70, Ior/Ioc = -8 dB, Gap periodicity: 40 ms, L3 filtering
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