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1 
Introduction
In the last RAN4 meetings, the simulation assumptions for FeICIC RSRP/RSRQ measurement accuracy were agreed [1]. In this contribution, the RSRP/RSRQ accuracy for FeICIC with non-MBSFN ABS patterns is investigated in both TDD and FDD. The corresponding simulation results are provided also. 
2 Simulation assumptions

The simulation assumptions are given in Table 1[1]. 
Table 1: Simulation parameters for RSRP/RSRQ measurement

	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, 400 ms
	Two cases

	Measurement sampling rate
	40ms
	

	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

	SNR
	Measuring cell SNR = -4 dB, 
1st aggressor cell1 SNR = [4]dB, 
2nd aggressor cell SNR = [2]dB
	

	ABS CRS SINR
	ABS subframe CRS SINR =  [-9.46] dB
Normal subframe CRS SINR = [-11.07] dB
	

	ABS pattern
	Non-MBSFN

 [ 10000000, … ]
	

	Cell ID
	{0, 96, 95}
	colliding with 1st aggressor cell, non-colliding with 2nd aggressor cell

	Propagation conditions
	ETU 
	

	Doppler Frequency: ETU and EPA
	30Hz
	

	CP Length
	Normal
	

	TDD Uplink-downlink configuration
	1
	

	TDD Special sub-frame configuration
	6
	

	Time offset between TDD cells 
	 3 us
	


The measurement accuracy is defined as:

· Delta RSRP   = (estimated RSRP – ideal RSRP) 
[dB]  

· Delta RSRQ  = (estimated RSRQ – ideal RSRQ) 
[dB]  

It is noted that RSSI is measured across all OFDM symbols within the subframe where RSRP is obtained.  
From our point of view, the definition of ideal RSSI in [3], which is used to calculate ideal RSRQ, is vague for FeICIC. More specifically, the RSSI by definition should include co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. However, it is not crystal clear if ideal RSSI in FeICIC should include the power of colliding and/or non-colliding CRS from aggressors, especially when CRS-IC is suggested for FeICIC capable UE. Considering RSSI as a metric to indicate the strength of interference/noise, it is reasonable that the power of colliding CRS of aggressor should not be considered in ideal RSSI as colliding CRS does not contribute any interference from PDSCH detection perspective. Whereas, the non-colliding CRS, which does pollute the PDSCH RE of target cell, should be included in RSSI. Overall, the definition of ideal RSSI for FeICIC is proposed as

Proposal 1:  The definition of ideal RSSI
Ideal RSSI: The ideal RSSI is an error free measure, where the power of colliding CRS of aggressor(s) is excluded but the power of non-colliding CRS of aggressor(s) included. The ideal RSSI uses the same sampling rate as for the estimated RSSI as explained below:

The aggregate ideal RSSI during L1 measurement period is the average of ideal RSSI in all OFDM symbols used for the measuring RSSI (i.e. estimated RSSI).
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Fig 1. Ideal RSSI for eICIC/FeICIC 
3 Simulation Results

The simulation results for both TDD and FDD are given in Fig2. 
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Fig 2. Simulation results 

From Fig2, the CDF distribution of Delta RSRP and delta RSRQ are summarized in Table 2 below.
Table 2. RSRP and RSRQ accuracy in case of no-MBSFN
	CDF
	delta RSRP(dB)
	delta RSRQ(dB)

	
	FDD, 200ms
	FDD,

400ms
	TDD, 200ms
	TDD,

400ms
	FDD, 200ms
	FDD,

400ms
	TDD, 200ms
	TDD,

400ms

	5%
	-0.3
	-0.2
	-0.6
	-0.4
	-2.0
	-1.8
	-2.2
	-2.0

	95%
	1.7
	1.4
	1.34
	1.1
	0.0
	-0.39
	-0.4
	-0.65

	RSRP between 5th and 95th percentiles (dB)
	±1
	±0.8
	±0.97
	±0.75
	±1
	±0.7
	±0.9
	±0.68

	Mean of Delta RSRP(RSRQ) (dB)
	0.6
	0.6
	0.3
	0.3
	-1.1
	-1.1
	-1.3
	-1.3


Due to imperfect colliding CRS-IC and noise reduction, the measure RSRP is generally overestimated. For the same reason, the measured RSSI is also overestimated. Overall, the measured RSRQ is relatively underestimated. It is noted that the impact of RF impairment is not considered in the obtained delta RSRP and RSRQ. RF impairment can be a significant source of measurement error, especially in extreme temperature and voltage conditions. 
Based on the simulation results in Figure2, two observations can be summarized as 
Observation 1:  In case of no-MBSFN ABS with pre-defined interference condition, the absolute RSRP accuracy is 0.6 and 0.3 dB in FDD and TDD, respectively.  

Observation 2:  In case of no-MBSFN ABS with pre-defined interference condition, the RSRQ accuracy is -1.0 and -1.3 dB in FDD and TDD, respectively.
Observation3:  The measurement accuracy difference between using 400ms and 200ms measurement periods are small. 
4 
Conclusion
In this contribution the simulation results for FeICIC RSRP/RSRQ measurement accuracy are presented. 
Proposal 1: The definition of ideal RSSI 

The ideal RSSI is an error free measure, where the power of colliding CRS of aggressor(s) is excluded but the power of non-colliding CRS of aggressor(s) included. The ideal RSSI uses the same sampling rate as for the estimated RSSI as explained below:

The aggregate ideal RSSI during L1 measurement period is the average of ideal RSSI in all OFDM symbols used for the measuring RSSI (i.e. estimated RSSI).

Observation 1:  In case of no-MBSFN ABS, the absolute RSRP accuracy is 0.6 and 0.3 dB in FDD and TDD, respectively.  

Observation 2:  In case of no-MBSFN ABS, the RSRQ accuracy is -1.0 and -1.3 dB in FDD and TDD, respectively.

Observation3:  The measurement accuracy difference between using 400ms and 200ms measurement periods are small. 
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