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1 Introduction
In last RAN4#64bis meeting, the simulation assumption[1] for RSRP/RSRQ measurement accuracy of FeICIC was agreed with one measurement cell and two interfering cells. This contribution provides the simulation results for RSRP/RSRQ measurement requirements in E-UTRA FDD Non-MBSFN ABS case. 
2 Simulation Assumptions
The candidate ABS patterns are defined in [2]. SNR levels for measuring cell and two interfering cells are assumed as follows.
· Measuring cell SNR = -4 dB, 1st aggressor cell SNR = [4]dB and 2nd aggressor cell SNR = [2]dB.
· Non-MBSFN case: Colliding with 1st aggressor cell, non-colliding with 2nd aggressor cell
· ABS subframe CRS SINR =  [-9.46] dB 

· Normal subframe CRS SINR = [-11.07] dB
For this test case, we consider three reference receivers below.
· Reference receiver : Colliding with 1st aggressor cell, non-colliding with 2nd aggressor cell
· 2 CRS-IC receiver, which we call CRS-2IC
· 1 CRS-IC receiver for 1st aggressor cell, which we call CRS-1IC
· 1 CRS-IC & 1 puncturing receiver for 1st and 2nd aggressor cell respectively
And, we also consider two RSSI measuring methods, i.e. measuring  before CRS-IC/puncturing or measuring after CRS-IC/puncturing when calculating RSRQ.

· RSSI :measuring
· Before CRS-IC/Puncturing 

· After CRS-IC/Puncturing
Simulation parameters are listed in Table 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
	-
	5samples/200ms

	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
	ETU 
	

	Doppler Frequency: ETU 
	 30Hz
	

	CP Length
	Normal
	

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results.


3  Simulation Results

3.1 Delta RSRP
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Figure 3.1. CDF of delta RSRP in case of Non-MBSFN at ETU30

In Figure 3.1, solid and dashed line represent L1 measurement period of 200ms and 400ms respectively. Delta RSRPs of 5%-ile, 95%-ile and 50%-ile are summarized in table 3.1. And absolute measurement accuracy and relative measurement accuracy without implementation margin are also listed in table 3.1. 
Table 3.1: Summary of Delta RSRP 

	L1
	Receiver type
	5%-ile [dB]
	95%-ile [dB]
	Absolute accuracy [dB]
	Relative accuracy [dB]

	200ms
	No IC
	4.65 
	8.27 
	6.34 
	±1.81 

	
	1 IC
	-0.69 
	2.15 
	0.73 
	±1.42 

	
	2 IC
	-0.75 
	2.12 
	0.71 
	±1.44 

	
	1IC+1PT
	-0.62 
	2.18 
	0.81 
	±1.40 

	400ms
	No IC
	5.09 
	7.71 
	6.32 
	±1.31 

	
	1 IC
	-0.45 
	1.72 
	0.72 
	±1.09 

	
	2 IC
	-0.53 
	1.72 
	0.67 
	±1.12 

	
	1IC+1PT
	-0.37 
	1.85 
	0.79 
	±1.11 


In the case without CRS-IC, mean delta RSRP is about 6.3dB which is biased value since colliding CRS in 1st strongest aggressor cell is included when measuring RSRP. In cases with CRS-1 IC, CRS-2 IC, and CRS-1 IC & 1 Puncturing, absolute and relative measurement accuracy are within 0.8dB and  ±1.5dB respectively regardless of receiver type. 
3.2 Delta RSRQ

For estimating RSRQ, we have to measure RSSI. With CRS-IC or Puncturing receiver, RSSI can be estimated with two different ways such as estimating RSSI before CRS cancellation or after CRS cancellation.  

 [image: image2.emf]7 7.5 8 8.5 9 9.5 10 10.5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSSI[dB]

CDF

CDF of RSSI with L1=200ms/400ms before/after CRS-IC/Puncturing

 

 

NoIC [200ms]

CRS-1IC[200ms]

CRS-2IC[200ms]

CRS-1IC+1PT[200ms]

NoIC [400ms]

CRS-1IC[400ms]

CRS-2IC[400ms]

CRS-1IC+1PT[400ms]


Figure 3.2. CDF of estimated RSSI before/after CRS-IC/Puncturing at ETU30
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Figure 3.3. CDF of delta RSSI before/after CRS-IC/Puncturing at ETU30

Figure 3.2 shows that the estimated mean RSSI can be different upto maximum 0.8dB. It means that the estimated mean RSRQ is also different upto 0.8dB assuming same RSRP. Real estimated RSRQ can be affected by both RSRP and RSSI. Figure 3.3 shows that there is not much difference in delta RSSI for receiver types. 
For investigation of RSRQ, we divide test into two cases based on RSSI measurement

· RSSI before CRS cancellation 
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Figure 3.4. CDF of delta RSRQ with RSSI before CRS-IC/Puncturing at ETU30

· RSSI after CRS cancellation  
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Figure 3.5. CDF of delta RSRQ with RSSI after CRS-IC/Puncturing in at ETU30

Figure 3.4 shows delta RSRQ considering RSSI without CRS-IC/ puncturing. And figure 3.5 shows delta RSRQ considering RSSI after cancelling interfering CRS with CRS-IC/puncturing. From these two figures, RSRQ absolute measurement accuracy is summarized without implementation margin in Table 3.2. 
Table 3.2: Summary of Delta RSRQ with RSSI before CRS-IC/Punctuing 

	
	
	Absolute accuracy [dB]

	L1
	Receiver type
	RSSI before CRS-IC/puncturing
	RSSI after CRS-IC/puncturing

	200ms
	No IC
	6.32 
	6.41 

	
	1 IC
	0.71 
	0.74 

	
	2 IC
	0.69 
	0.77 

	
	1IC+1PT
	0.79 
	0.94 

	400ms
	No IC
	6.30 
	6.39 

	
	1 IC
	0.69 
	0.73 

	
	2 IC
	0.65 
	0.74 

	
	1IC+1PT
	0.77 
	0.91 


In the case without CRS-IC, mean delta RSRQ is about 6.4dB which is a biased value since colliding CRS in 1st strongest aggressor cell is included when measuring RSRP. In other cases with CRS-1IC, CRS-2IC, and CRS-1IC & 1Puncturing, absolute measurement accuracy is within 1.0dB. 
Based on these simulation results, we provide some observations.
· Observation 1 : In FeICIC, minimum requirements for absolute and relative accuracy of RSRP cannot be met in all Rel-8/9/10 if not cancelling 1st strongest colliding aggressor cell . 

· Observation 2 : In FeICIC, minimum requirements for absolute accuracy of RSRQ cannot be met in all Rel-8/9/10 if not cancelling 1st strongest colliding aggressor cell. 

· Observation 3 : The estimated RSSI can be different where it is measured, i.e. before or after CRS-IC/Puncturing. 

4 Conclusion
In this contribution, we provided the simulation results of delta RSRP and delta RSRQ considering three different type of reference receivers, i.e. CRS-2IC cancelling 1st colliding and 2nd non-colliding aggressor cell,  CRS-1IC only cancelling 1st colliding aggressor cell, and CRS-1IC & 1Punctuing which is cancelling for 1st colliding aggressor cell and puncturing  for 2nd non-colliding aggressor cell.
Based simulation results and above summarized observations, we propose as follows.

· Proposal 1 : In case of colliding with 1st aggressor cell, non-colliding with 2nd aggressor cell, CRS-IC should be considered to meet the RSRP absolute and relative measurement accuracy of Rel-8/9/10 for 1st aggressor cell.

· Proposal 3 : In case of colliding with 1st aggressor cell, non-colliding with 2nd aggressor cell, CRS-IC should be considered to meet the RSRQ absolute measurement accuracy of Rel-8/9/10 for 1st aggressor cell.

· Proposal 4 : To have reasonable RSRQ in FeICIC point of view, the measurement point for RSSI should be after CRS-IC/Puncturing.
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