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1 Introduction

In RAN4 #66 meeting, the link level simulation results of FeICIC on RSRP/RSRQ performance requirements were discussed and the corresponding CR was approved in [1]. However there are still some key side conditions are not decided yet. To be specific the side conditions (CRS Es/Iot) corresponding to better measurement accuracy performance for RSRP and RSRQ were TBD [2]: 
Table 9.1.2.6-1: RSRP Intra frequency relative accuracy under Time Domain Measurement Resource Restriction with CRS assistance information
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot Note 2
	Io Note 1,3 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz
	dBm/BWChannel

	[(2]
	[(3]
	([TBD]
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	9, 42, 43
	-120
	-50

	
	
	
	28
	-119.5
	-50

	
	
	
	2, 5, 7, 27, 41, [44]
	-119
	-50

	
	
	
	26
	-118.5 Note 4
	-50

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 5
	-118
	-50

	
	
	
	25
	-117.5
	-50

	[(3]
	[(3]
	([-9.46]
	Note 5
	Note 5
	Note 5

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells to which the requirement applies.
NOTE 3:
Io is defined over REs in subframes indicated by the time domain measurement resource restriction pattern configured for performing RSRP measurements of this cell.

NOTE 4:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 5:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 6:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.


Table 9.1.5.3-1: RSRQ Intra frequency absolute accuracy under Time Domain Measurement Resource Restriction with CRS assistance information
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1,2 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz
	dBm/BWChannel

	[(2.5]
	[(4]
	([TBD]
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	9, 42, 43
	-120
	-50

	
	
	
	28
	-119.5
	-50

	
	
	
	2, 5, 7, 27, 41, [44]
	-119
	-50

	
	
	
	26
	-118.5 Note 3
	-50

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 5
	-118
	-50

	
	
	
	25
	-117.5
	-50

	[(3.5]
	[(4]
	([-9.46]
	Note 4
	Note 4
	Note 4

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
Io is defined over REs in subframes indicated by the time domain measurement resource restriction pattern configured for performing RSRQ measurements of this cell.

NOTE 3:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 4:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 5:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.


In this paper we present our simulation results on RSRP and RSRQ in FeICIC for higher geometry and proposed corresponding values for the TBDs.
2 Background
Typically for the intra-frequency RSRP relative accuracy the comparison of the same measurement quantity from 2 different cells can cancel out or minimize the effect of the impairments from e.g. UE RF parts, temperature drifts etc which usually dominates the measurement uncertainties as for RSRP absolute measurement accuracy, so the intention of UE measurement accuracy for higher geometry factor is mainly to check whether the UE can achieve better channel estimation performance. Similarly RSRQ is inherently a relative measurement, thus these uncertainties can be similarly neglected and UE can obtain better performance when the corresponding side condition is getting better.
In R8 and R10 eICIC scenarios the higher CRS Es/Iot is defined to achieve 1dB better performance than the lowest side condition CRS Es/Iot. For example as shown in the following table in R10 eICIC the measurement accuracy is (3dB when Es/Iot ≥ -4 dB while the measurement accuracy is (2dB when Es/Iot ≥ -2 dB.
Table 9.1.2.4-1: RSRP Intra frequency relative accuracy under time domain measurement resource restriction

	Parameter
	Unit
	Accuracy [dB]
	Conditions1,2,3

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7, 41
	Band 25
	Bands 3, 8, 12, 13, 14, 17, 20, 22
	Band 9, 42, 43

	
	
	
	
	Io
	Io
	Io
	Io
	Io

	RSRP for Ês/Iot ≥ -2 dB
	dBm
	(2
	(3
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-117.5dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	RSRP for Ês/Iot ≥ -4 dB
	dBm
	(3
	(3
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-117.5dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	Note 1:
Io is assumed to have constant EPRE across the bandwidth.

Note 2:
The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells to which the requirement applies.
Note 3:
Io is defined over REs in subframes indicated by the time domain measurement resource restriction pattern configured for performing RSRP measurements of this cell.


Following the same methodology we try to find the higher CRS Es/Iot at which point the UE can achieve at least 1dB better performance than the lowest side condition for RSRP relative measurement accuracy and RSRQ absolute measurement accuracy. 
3 Simulation assumptions and results
3.1 Simulation assumptions
To check the measurement accuracy for higher geometry factor, we scan the CRS Es/Iot from -9.46dB to -2.46dB as the curves plotted in Figure 1 following the principle in section 2. These curves illustrate the possible combination of Pico Es/Noc and the interfering cell Es/Noc. For RSRP/RSRQ measurement accuracy only one interferer with colliding CRS was considered.  It is assumed that for UE with higher CRS Es/Iot
· The Es/Noc of Pico cell will be larger than -4dB which corresponds the lowest side condition
· The Es/Noc of 1st strongest interfering cell will be less than 4dB which corresponds the largest interference from 1st strongest interfering cell.
· The Es/Noc of 1st strongest interfering cell will be larger than that of Pico cell

Then the possible combinations of Pico cell Es/Noc and 1st stongest interfering cell Es/Noc can be narrowed down to the grey area. Obviously it is very difficult to scan all the serving/interfering Es/Noc combinations and check the measurement performance by link level simulation one by one. Here we select some typical values where each point corresponds to the medium value of each curve for further link level simulations as listed in Table 2.
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Fig.1 Typical serving/strong interfering Es/Noc combinations [in Grey]

Table 2 Different case for link-level simulation

	
	Es/Iot(dB)
	Pico cell 
Es/Noc(dB)
	Strongest interfering cell 
Es/Noc(dB)

	Case1
	-9.46
	-4
	4

	Case2
	-8.46
	-3.53
	3.25

	Case3
	-7.46
	-3
	2.5

	Case4
	-6.46
	-2.64
	1.5

	Case5
	-5.46
	-2.45
	0

	Case6
	-4.46
	-1.14
	0.6

	Case7
	-3.46
	0.36
	1.5

	Case8
	-2.46
	1.98
	2.5


The other simulation assumptions can be referred in [2].

3.2 Simulation results for RSRP 
The simulation results are shown in Fig.2, Fig.3 and Fig.4 respectively. 
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Fig.2 RSRP measurement accuracy [AWGN]
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Fig.3 RSRP measurement accuracy [EPA5]
[image: image4.png]CDF

09

08

07

08

05

04

03

02

01

ETU30_BPRE_200TTI

05 [ 05 1
(Estimated CRS-RSRP - ideal CRS-RSRP) [dB]





Fig.4 RSRP measurement accuracy [ETU30]
3.3 Simulation results for RSRQ
The simulation results for RSRQ are shown in Fig.5, Fig.6 and Fig.7 respectively.. 
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Fig.5 RSRQ measurement accuracy [AWGN]
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Fig.6 RSRQ measurement accuracy [EPA5]
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Fig.7 RSRQ measurement accuracy [ETU30]
4 Summary of the simulation results
The simulation results can be summarized in Table 2 and Table 3.

Table2 Absolute measurement accuracy for RSRP

	Channel
	case
	CRS Es/Iot (dB)
	5%
	95%

	AWGN
	Case1
	-9.46
	0.03928
	1.527

	
	Case2
	-8.46
	0.03247
	1.444

	
	Case3
	-7.46
	0.00183
	1.351

	
	Case4
	-6.46
	-0.01982
	1.272

	
	Case5
	-5.46
	-0.02038
	1.236

	
	Case6
	-4.46
	-0.0668
	1.046

	
	Case7
	-3.46
	-0.08803
	0.8658

	
	Case8
	-2.46
	-0.1003
	0.6918

	EPA5
	Case1
	-9.46
	-0.4367
	1.072

	
	Case2
	-8.46
	-0.453
	1.025

	
	Case3
	-7.46
	-0.4483
	0.9598

	
	Case4
	-6.46
	-0.4431
	0.939

	
	Case5
	-5.46
	-0.4437
	0.9369

	
	Case6
	-4.46
	-0.4159
	0.7884

	
	Case7
	-3.46
	-0.3784
	0.6441

	
	Case8
	-2.46
	-0.3135
	0.5186

	ETU30
	Case1
	-9.46
	-0.349
	1.062

	
	Case2
	-8.46
	-0.3662
	1.007

	
	Case3
	-7.46
	-0.3956
	0.942

	
	Case4
	-6.46
	-0.3652
	0.9016

	
	Case5
	-5.46
	-0.3751
	0.8856

	
	Case6
	-4.46
	-0.3769
	0.7297

	
	Case7
	-3.46
	-0.3586
	0.5843

	
	Case8
	-2.46
	-0.3206
	0.4671


Table3 Absolute measurement accuracy for RSRQ

	Channel
	case
	CRS Es/Iot (dB)
	5%
	95%

	AWGN
	Case1
	-9.46
	0.1872
	3.119

	
	Case2
	-8.46
	0.09667
	2.915

	
	Case3
	-7.46
	0.06506
	2.638

	
	Case4
	-6.46
	-0.02404
	2.445

	
	Case5
	-5.46
	-0.08143
	2.356

	
	Case6
	-4.46
	-0.2386
	1.846

	
	Case7
	-3.46
	-0.2902
	1.437

	
	Case8
	-2.46
	-0.2677
	1.147

	EPA5
	Case1
	-9.46
	-0.8184
	2.309

	
	Case2
	-8.46
	-0.9086
	2.109

	
	Case3
	-7.46
	-0.935
	1.94

	
	Case4
	-6.46
	-0.8808
	1.871

	
	Case5
	-5.46
	-0.8944
	1.899

	
	Case6
	-4.46
	-0.9345
	1.355

	
	Case7
	-3.46
	-0.8359
	1.13

	
	Case8
	-2.46
	-0.7592
	0.8653

	ETU30
	Case1
	-9.46
	-0.6139
	2.541

	
	Case2
	-8.46
	-0.6697
	2.346

	
	Case3
	-7.46
	-0.7141
	2.141

	
	Case4
	-6.46
	-0.7441
	2.04

	
	Case5
	-5.46
	-0.665
	2.001

	
	Case6
	-4.46
	-0.3586
	1.552

	
	Case7
	-3.46
	-0.8569
	1.273

	
	Case8
	-2.46
	-0.7392
	0.921


From the simulation results it can be seen the RSRP and RSRQ measurement accuracy can be getting better when the CRS Es/Iot was increased to -2.46dB~-4.46dB. Considering some implementation margin, it is proposed to set the side condition for better performance is CRS Es/Iot = [-7.46dB].
5 Conclusion

In this paper we further present the results of RSRP and RSRQ accuracy in FeICIC for higher CRS Es/Iot. It is proposed to set the side condition for better performance is CRS Es/Iot = [-7.46dB]. The corresponding CR is in [4]
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