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1
Introduction
In RAN4 #57AH, simulation assumptions for e-ICIC RSRP/ RSRQ measurements were agreed after e-mail discussions [1]. This contribution provides simulation results based on the agreed simulation parameters.
2
Simulation assumptions
Table 1 presents simulation parameters used in the simulations:
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	-
	5 samples per 200 ms

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

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

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	CP Length
	Normal
	


We evaluated RSRP/ RSRQ measurement performance for the following three cases, as shown in Figure 1:

· Case 1: Non-MBSFN ABS (normal ABS) w/o CRS collision

· Case 2: MBSFN ABS w/o CRS collision

· Case 3: MBSFN ABS w/ CRS collision

The performance metrics are the CDF curves of follows:

· Estimated RSRP

· Estimated RSRQ

· Delta RSRP = (estimated RSRP – ideal RSRP)

· Delta RSRQ = (estimated RSRQ – ideal RSRQ)
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Figure 1: Simulation cases
The definition of S, I, and N in our simulations is illustrated in Figure 2:
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Figure 2: Definition of S, I, and N
The following scenarios are evaluated in the simulations:

· Scenario #1: AWGN, L3 filtering: disabled, Serving cell SNR = 0 dB, Neighbor cell SNR = 5 dB

· Scenario #2: AWGN, L3 filtering: disabled, Serving cell SNR = 0 dB, Neighbor cell SNR = 10 dB
· Scenario #3: AWGN, L3 filtering: disabled, Serving cell SNR = -6 dB, Neighbor cell SNR = 5 dB

· Scenario #4: AWGN, L3 filtering: disabled, Serving cell SNR = -6 dB, Neighbor cell SNR = 10 dB

· Scenario #5: ETU70, L3 filtering: disabled, Serving cell SNR = 0 dB, Neighbor cell SNR = 5 dB

· Scenario #6: ETU70, L3 filtering: disabled, Serving cell SNR = 0 dB, Neighbor cell SNR = 10 dB

· Scenario #7: ETU70, L3 filtering: disabled, Serving cell SNR = -6 dB, Neighbor cell SNR = 5 dB

· Scenario #8: ETU70, L3 filtering: disabled, Serving cell SNR = -6 dB, Neighbor cell SNR = 10 dB

· Scenario #9: EPA5, L3 filtering: disabled, Serving cell SNR = 0 dB, Neighbor cell SNR = 5 dB

· Scenario #10: EPA5, L3 filtering: disabled, Serving cell SNR = 0 dB, Neighbor cell SNR = 10 dB

· Scenario #11: EPA5, L3 filtering: disabled, Serving cell SNR = -6 dB, Neighbor cell SNR = 5 dB

· Scenario #12: EPA5, L3 filtering: disabled, Serving cell SNR = -6 dB, Neighbor cell SNR = 10 dB

3
Simulation results
Figures 3-14 present simulation results for Scenario #1-12. In the figure, Estimated RSRP is normalized by the 50%-ile RSRP value for Case 1. For RSRQ, we used two kinds of RSSI, one is the one measured in the OFDM symbols containing CRS (conventional RSSI) and the other is the one measured in all OFDM symbols (ideal RSSI). Findings from the results are summarized below:
· RSRP in the CRS collision case (Case 3) would be overestimated due to the effects of the aggressor cell interference. The error would increase as the aggressor cell interference level would increase.

· RSRQ would be underestimated in the normal ABS and non CRS collision case (Case 1). The error would increase as the aggressor cell interference would increase.
· For the MBSFN ABS and non CRS collision case (Case 2 and 3), the error would be mitigated because there is no aggressor cell CRS interference for the data region. For Case 3, the RSRP error shown in the 1st bullet would also affect the RSRQ behaviour.
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Figure 3: AWGN, Serving cell SNR = 0 dB, Neighbor cell SNR = 5 dB (Scenario #1)
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Figure 4: AWGN, Serving cell SNR = 0 dB, Neighbor cell SNR = 10 dB (Scenario #2)
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Figure 5: AWGN, Serving cell SNR = -6 dB, Neighbor cell SNR = 5 dB (Scenario #3)
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Figure 6: AWGN, Serving cell SNR = -6 dB, Neighbor cell SNR = 10 dB (Scenario #4)
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Figure7: ETU70, Serving cell SNR = 0 dB, Neighbor cell SNR = 5 dB (Scenario #5)
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Figure 8: ETU70, Serving cell SNR = 0 dB, Neighbor cell SNR = 10 dB (Scenario #6)
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Figure 9: ETU70, Serving cell SNR = -6 dB, Neighbor cell SNR = 5 dB (Scenario #7)
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Figure 10: ETU70, Serving cell SNR = -6 dB, Neighbor cell SNR = 10 dB (Scenario #8)

[image: image11]
Figure 11: EPA5, Serving cell SNR = 0 dB, Neighbor cell SNR = 5 dB (Scenario #9)
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Figure 12: EPA5, Serving cell SNR = 0 dB, Neighbor cell SNR = 10 dB (Scenario #10)


[image: image13]
Figure 13: EPA5, Serving cell SNR = -6 dB, Neighbor cell SNR = 5 dB (Scenario #11)
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Figure 14: EPA5, Serving cell SNR = -6 dB, Neighbor cell SNR = 10 dB (Scenario #12)
4
Conclusions

In this contribution, we provided simulation results for e-ICIC RSRP/ RSRQ measurements. Our observations are summarized below:
· RSRP in the CRS collision case (Case 3) would be overestimated due to the effects of the aggressor cell interference. The error would increase as the aggressor cell interference level would increase.

· RSRQ would be underestimated in the normal ABS and non CRS collision case (Case 1). The error would increase as the aggressor cell interference would increase.
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