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1 Introduction

In RAN4 #57, the TDM patterns were proposed in [1] and [2]. In [3], the simulation assumptions for eICIC Intra-Frequency RRM Requirements are agreed.  In this contribution, the impacts of the patterns on RSRP and RSRQ are simulated by link level simulation. 
2    Link level simulation assumptions and modelling
All simulation assumptions and parameters listed in [3] are quoted here. For convenience, some contents are re-written in following.

2.1 The candidate eICIC patterns:

· Non-MBSFN ABS patterns for E-UTRA FDD and E-UTRA TDD

· MBSFN ABS patterns for E-UTRA FDD and E-UTRA TDD
2.2  SNR levels: measuring and interfering cells
There is one measuring cell (i.e. cell to be measured) and one interfering cell. The following 2 cases are considered as agreed in [1]:

· Option 1: Measuring cell SNR = 0 dB, Interfering cell SNR = 5 to 10 dB
· Non-MBSFN case:
· ABS subframe CRS SINR =  0 dB 

· Normal subframe CRS SINR = [-10.4 to -6.2] dB
· MBSFN case:

· Without CRS collision

· Symbol 0 CRS SINR = 0 dB

· Symbol 4, 7, 11 CRS SINR = 0 dB
· With CRS collision

· Symbol 0 CRS SINR = [-10.4 to -6.2] dB

· Symbol 4, 7, 11 CRS SINR = 0 dB

· Option 2: Measuring cell SNR = -6 dB, Interfering cell SNR = 5 to 10 dB

· Non-MBSFN case:
· ABS subframe CRS SINR =  -6 dB 

· Normal subframe CRS SINR = [-16.4 to -12.2] dB
· MBSFN case:

· Without CRS collision

· Symbol 0 CRS SINR = -6 dB

· Symbol 4, 7, 11 CRS SINR = -6 dB
· With CRS collision

· Symbol 0 CRS SINR = [-16.4 to -12.2] dB

· Symbol 4, 7, 11 CRS SINR = [-6] dB
Assumptions on interfering cell are:
· It is assumed there is no CRS collision when non-MBSFN ABS pattern is configured
· It is assumed there are two cases for MBSFN ABS patterns:

· With CRS collision
· With no CRS collision
The other link level simulation assumptions for RSRP/RSRQ are attached in Annex 1. 
2.3  Performance metrics
The CDF curves are to be provided for:

· Estimated RSRP

· Estimated RSRQ
· Delta RSRP   = (estimated RSRP – ideal RSRP) 
[dB]  
· Delta RSRQ  = (estimated RSRQ – ideal RSRQ) 
[dB]  
The following data are logged:

· RSRP absolute accuracy
· RSRP relative accuracy
· RSRQ absolute accuracy
· Estimated RSRP in 90% ile
· Estimated RSRQ n 90% ile
The definitions of ideal RSRP and RSRQ can be found in [4].  In the following, the definitions of absolute and relative accuracy of RSRP and RSRQ are the same as in [4] and [7].
2.4 Simulated Cases

For the convenience of recording the simulation results, the following cases are assumed.
Case1: Non MBSFN, measurement period=200ms

Case 2: MBSFN non collision, measurement period=200ms

Case 3: MBSFN collision, measurement period=200ms

Case 4: Non MBSFN, measurement period=400ms

Case 5: MBSFN non collision, measurement period=400ms

Case 6: MBSFN collision, measurement period=400ms

3 Simulation results analysis

Based on the above assumptions and parameters in Annex 1, all scenarios in different options, cases and channel models are simulated. The corresponding CDFs and data tables are listed in the Annex 2. Based on these data tables in Annex 2, the following summary table 1 can be obtained. In table 1, the fluctuant range of RSRP/RSRQ measurement is recorded. For example, the first row in table 1 comes from the table 3.1.1 in Annex 2. 
Table 1: RSRP/RSRQ measurements summary 

	Items/Conditions
For all 6 cases
	 RSRP absolute accuracy (dB)
	RSRP relative accuracy (dB)
	RSRQ absolute accuracy (dB)
	Estimated RSRP (dB)
	Estimated RSRQ (dB)

	A

W

G

N
	Option1
	SNR=5dB
	0.20~0.30
	±0.50~±0.50
	0.10~0.40
	0.50~0.70
	-13.20~-13.50

	
	
	SNR=10dB
	0.20~0.40
	±0.50~±0.60
	0.15~0.75
	0.40~0.80
	-13.20~-13.60

	
	Option2
	SNR=5dB
	0.30~0.70
	±1.00~±1.40
	0.30~0.80
	1.00~1.50
	-16.50~-16.90

	
	
	SNR=10dB
	0.30~1.00
	±0.80~±1.50
	0.30~1.50
	1.00~2.00
	-16.40~-17.00

	E

T
U
70
	Option1
	SNR=5dB
	0.00~0.00
	±0.50~±0.80
	0.00~0.20
	1.20~2.00
	-13.40~-13.80

	
	
	SNR=10dB
	0.00~0.10
	±0.50~±1.10
	0.00~0.50
	1.40~2.00
	-13.30~-14.00

	
	Option2
	SNR=5dB
	0.10~0.30
	±1.00~±1.50
	0.20~0.50
	1.70~2.00
	-16.50~-17.00

	
	
	SNR=10dB
	0.10~0.60
	±1.00~±2.00
	0.10~1.20
	1.50~2.70
	-16.50~-17.00

	E

P

A

5
	Option1
	SNR=5dB
	0.00~0.00
	±0.40~±0.80
	0.00~0.20
	2.50~3.20
	-12.80~-13.60

	
	
	SNR=10dB
	0.00~0.00
	±0.50~±1.00
	0.00~0.50
	2.40~3.20
	-12.80~-13.60

	
	Option2
	SNR=5dB
	0.00~0.10
	±1.00~±1.50
	0.00~0.40
	2.60~3.60
	-15.60~-16.40

	
	
	SNR=10dB
	0.00~0.50
	±1.00~±2.00
	0.00~1.00
	2.60~3.60
	-15.40~-16.50

	Max. difference in option1(dB)
	0.20(Case4/5 and Case3)
	0.60(Case4/5 and Case3)
	0.60(Case4/5 and Case3)
	0.80(Case5 and Case3)
	0.80(Case1/2 and Case6)

	Max. difference in option2(dB)
	0.70(Case4/5 and Case3)
	1.00(Case4/5 and Case3)
	1.20(Case4/5 and Case3)
	1.20(Case4/5 and Case3)
	1.10(Case1 and Case6)


Based on the table 1, the following observations can be obtained. 
Observation1: For option 1and option2, for three channel models and all six cases, the maximum measurement difference errors are not larger than 0.80dB and 1.2dB without implementation margin respectively. 
Observation2: From the view of maximum difference in option 1 and option 2, the benefits brought by using 400ms measurement period are not obvious relative to using 200ms measurement period from the measurement accuracy point of view.  
Observation3: From the view of RSRP/RSRQ measurement, the maximum measurement difference between option 1 and option 2 is not bigger than 0.6dB. The measurement accuracy for RSRP and RSRQ in option 2 can be satisfied.  
Observation4: The difference of impacts from Non-MBSFN ABS patterns and MBSFN ABS patterns on the measurement accuracy of RSRP and RSRQ is not obvious. 
Observation5: From the view of the measurement accuracy of RSRP and RSRQ, it is acceptable for scenario where configured interference cell is SNR=10dB. 
4 Conclusion 

Based on these observations, the following proposals can be obtained.

Proposal 1: 200ms measurement period for RSRP and RSRQ in R8/9 can be reused in the scenarios of eICIC. It is unnecessary to configure 400ms measurement period for the measurement of RSRP and RSRQ from the measurement accuracy point of view.
Proposal 2: The side condition Ês/Iot ( -6 dB in R8/9 can be reused in the scenario of eICIC. 
Proposal 3: From the view of the measurement accuracy of RSRP and RSRQ, it is acceptable for scenario where configured interference cell is SNR=10dB. 
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Annex1: Link simulation assumptions for RSRP/RSRQ

The evaluation of RSRP/RSRQ performance is based on the simulation assumptions previously used for deriving the legacy / existing requirements. The assumptions 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
	-
	Implementation dependent (NOTE 1)

	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
	

	TDD Uplink-downlink configuration
	1
	

	TDD Special sub-frame configuration
	4
	

	Time offset between TDD cells 
	0 second
	

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


Annex 2: Simulation parameters for RSRP/RSRQ measurement accuracy
1、 AWGN

1.1 option1

Table 1.1.1 SNR=5dB in option 1
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP Accuracy
	0.20
	0.20
	0.30
	0.20
	0.20
	0.20

	Relative RSRP Accuracy
	±0.50
	±0.50
	±0.50
	±0.50
	±0.50
	±0.50

	Estimated RSRP 90%
	0.60
	0.60
	0.70
	0.50
	0.50
	0.50

	Absolute RSRQ Accuracy
	0.15
	0.15
	0.40
	0.10
	0.10
	0.30

	Relative RSRQ Accuracy
	±0.60
	±0.60
	±0.50
	±0.40
	±0.40
	±0.50

	Estimated RSRQ 90%
	-13.20
	-13.20
	-13.20
	-13.40
	-13.40
	-13.50
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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(d) Estimated RSRQ distribution


Figure 1 RSRP/RSRQ results in AWGN in case of option 1 with interfering cell SNR=5 dB 

Table 1.1.2 SNR=10dB in option 1
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP accuraccy
	0.20
	0.25
	0.40
	0.20
	0.20
	0.25

	Relative RSRP Accuracy
	±0.50
	±0.50
	±0.60
	±0.50
	±0.50
	±0.50

	Estimated RSRP 90%
	0.60
	0.60
	0.80
	0.40
	0.40
	0.60

	Absolute RSRQ Accuracy
	0.20
	0.20
	0.75
	0.15
	0.15
	0.60

	Relative RSRQ Accuracy
	±0.50
	±0.50
	±0.60
	±0.40
	±0.40
	±0.50

	Estimated RSRQ 90%
	-13.20
	-13.20
	-13.40
	-13.40
	-13.40
	-13.60
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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(d) Estimated RSRQ distribution


Figure 2 RSRP/RSRQ results in AWGN in case of option 1 with interfering cell SNR=10 dB 

1.2 option2

Table 1.2.1 SNR=5dB in option 2
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP Accuracy
	0.40
	0.40
	0.70
	0.30
	0.30
	0.40

	Relative RSRP Accuracy
	±1.00
	±1.20
	±1.40
	±1.00
	±1.00
	±1.00

	Estimated RSRP 90%
	1.30
	1.30
	1.50
	1.00
	1.00
	1.10

	Absolute RSRQ Accuracy
	0.30
	0.40
	0.80
	0.30
	0.30
	0.50

	Relative RSRQ Accuracy
	±1.00
	±1.00
	±1.20
	±0.80
	±0.80
	±1.00

	Estimated RSRQ 90%
	-16.50
	-16.50
	-16.50
	-16.80
	-16.80
	-16.90
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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(d) Estimated RSRQ distribution


Figure 3 RSRP/RSRQ results in AWGN in case of option 2 with interfering cell SNR= 5 dB 
Table 1.2.2 SNR=10dB in option 2
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP Accuracy
	0.40
	0.40
	1.00
	0.30
	0.30
	0.80

	Relative RSRP Accuracy
	±1.20
	±1.20
	±1.50
	±0.80
	±0.80
	±1.00

	Estimated RSRP 90%
	1.40
	1.40
	2.00
	1.00
	1.00
	1.60

	Absolute RSRQ Accuracy
	0.50
	0.50
	1.50
	0.30
	0.30
	1.30

	Relative RSRQ Accuracy
	±1.00
	±1.00
	±1.30
	±0.80
	±0.80
	±1.00

	Estimated RSRQ 90%
	-16.40
	-16.40
	-16.50
	-16.90
	-16.90
	-17.00
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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(d) Estimated RSRQ distribution


Figure 4 RSRP/RSRQ results in AWGN in case of option 2 with interfering cell SNR=10 dB 

2、 ETU70

2.1 option1

Table 2.1.1 SNR=5dB in option 1
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP Accuracy
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Relative RSRP Accuracy
	±0.70
	±0.70
	±0.80
	±0.50
	±0.50
	±0.60

	Estimated RSRP 90%
	2.00
	2.00
	2.00
	1.30
	1.20
	1.40

	Absolute RSRQ Accuracy
	0.00
	0.00
	0.20
	0.00
	0.00
	0.20

	Relative RSRQ Accuracy
	±0.70
	±0.70
	±0.90
	±0.50
	±0.50
	±0.60

	Estimated RSRQ 90%
	-13.40
	-13.40
	-13.40
	-13.80
	-13.80
	-13.80
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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(d) Estimated RSRQ distribution


Figure 5 RSRP/RSRQ results in ETU70 in case of option 1 with interfering cell SNR=5 dB
Table 2.1.2 SNR=10dB in option 2
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP Accuracy
	0.00
	0.00
	0.10
	0.00
	0.00
	0.10

	Relative RSRP Accuracy
	±0.60
	±0.60
	±1.10
	±0.50
	±0.50
	±0.70

	Estimated RSRP 90%
	1.60
	2.00
	2.00
	1.40
	1.40
	1.40

	Absolute RSRQ Accuracy
	0.00
	0.00
	0.50
	0.00
	0.00
	0.50

	Relative RSRQ Accuracy
	±0.60
	±0.60
	±1.00
	±0.50
	±0.50
	±0.70

	Estimated RSRQ 90%
	-13.50
	-13.50
	-13.30
	-13.70
	-13.70
	-14.00


	[image: image21.emf]-3 -2 -1 0 1 2 3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Delta RSRP

CDF

ETU70Hz,interfering SNR=10dB,option 1

case 1

case 2

case 3

case 4

case 5

case 6


(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
	[image: image24.emf]-18 -17 -16 -15 -14 -13 -12

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Estimated RSRQ

CDF

ETU70Hz,interfering SNR=10dB,option 1

case 1

case 2

case 3

case 4

case 5

case 6
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Figure 6 RSRP/RSRQ results in ETU70 in case of option 1 with interfering cell SNR= 10 dB 

2.2 option2
Table 2.2.1 SNR=5dB in option 2
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP Accuracy
	0.10
	0.20
	0.30
	0.10
	0.10
	0.20

	Relative RSRP Accuracy
	±1.50
	±1.50
	±1.50
	±1.00
	±1.10
	±1.20

	Estimated RSRP 90%
	2.00
	2.00
	2.10
	1.70
	1.70
	1.70

	Absolute RSRQ Accuracy
	0.20
	0.20
	0.50
	0.20
	0.20
	0.50

	Relative RSRQ Accuracy
	±1.50
	±1.50
	±1.50
	±1.00
	±1.00
	±1.50

	Estimated RSRQ 90%
	-16.50
	-16.50
	-16.50
	-17.00
	-17.00
	-17.00
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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(d) Estimated RSRQ distribution


Figure 7 RSRP/RSRQ results in ETU70 in case of option 2 with interfering cell SNR=5 dB 

Table 2.2.2 SNR=10dB in option 2
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP Accuracy
	0.10
	0.10
	0.60
	0.10
	0.10
	0.60

	Relative RSRP Accuracy
	±1.40
	±1.40
	±2.00
	±1.00
	±1.00
	±1.20

	Estimated RSRP 90%
	2.00
	2.10
	2.70
	1.50
	1.50
	2.00

	Absolute RSRQ Accuracy
	0.10
	0.10
	1.20
	0.10
	0.10
	1.20

	Relative RSRQ Accuracy
	±1.40
	±1.40
	±2.00
	±1.00
	±1.00
	±1.30

	Estimated RSRQ 90%
	-16.50
	-16.50
	-16.50
	-17.00
	-17.00
	-17.00
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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Figure 8 RSRP/RSRQ results in ETU70 in case of option 2 with interfering cell SNR=10 dB 
3、 EPA5
3.1 option1
Table 3.1.1 SIR=5dB in option 1
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP Accuracy
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Relative RSRP Accuracy
	±0.70
	±0.70
	±0.80
	±0.40
	±0.40
	±0.50

	Estimated RSRP 90%
	3.20
	3.20
	3.20
	2.50
	2.50
	2.70

	Absolute RSRQ Accuracy
	0.00
	0.00
	0.20
	0.00
	0.00
	0.10

	Relative RSRQ Accuracy
	±0.70
	±0.70
	±0.70
	±0.50
	±0.50
	±0.60

	Estimated RSRQ 90%
	-12.80
	-12.80
	-13.00
	-13.60
	-13.60
	-13.60
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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Figure 9 RSRP/RSRQ results in EPA5 in case of option 1 with interfering cell SNR= 5 dB 
Table 3.1.2  SNR=10dB in option 1
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP Accuracy
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Relative RSRP Accuracy
	±0.70
	±0.70
	±1.00
	±0.50
	±0.50
	±0.70

	Estimated RSRP 90%
	3.00
	3.20
	3.20
	2.70
	2.40
	2.40

	Absolute RSRQ Accuracy
	0.00
	0.00
	0.50
	0.00
	0.00
	0.50

	Relative RSRQ Accuracy
	±0.70
	±0.70
	±1.00
	±0.50
	±0.50
	±0.70

	Estimated RSRQ 90%
	-12.80
	-12.80
	-13.00
	-13.40
	-13.50
	-13.60
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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Figure 10 RSRP/RSRQ results in EPA5 in case of option 1 with interfering cell SNR= 10 dB 

3.2 option2

Table 3.2.1 SIR=5dB in option 2
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP Accuracy
	0.10
	0.00
	0.10
	0.00
	0.00
	0.10

	Relative RSRP Accuracy
	±1.50
	±1.50
	±1.50
	±1.00
	±1.00
	±1.10

	Estimated RSRP 90%
	3.60
	3.20
	3.20
	2.60
	2.60
	2.80

	Absolute RSRQ Accuracy
	0.20
	0.10
	0.40
	0.10
	0.00
	0.40

	Relative RSRQ Accuracy
	±1.50
	±1.50
	±1.50
	±1.00
	±1.00
	±1.20

	Estimated RSRQ 90%
	-15.60
	-15.80
	-15.80
	-16.40
	-16.40
	-16.40
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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Figure 11 RSRP/RSRQ results in EPA5 in case of option 2 with interfering cell SNR= 5 dB 

Table 3.2.2 SIR=10dB in option 2
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6

	Absolute RSRP Accuracy
	0.10
	0.00
	0.50
	0.10
	0.10
	0.50

	Relative RSRP Accuracy
	±1.30
	±1.50
	±2.00
	±1.00
	±1.00
	±1.50

	Estimated RSRP 90%
	3.40
	3.20
	3.60
	2.60
	2.80
	3.00

	Absolute RSRQ Accuracy
	0.10
	0.00
	1.00
	0.00
	0.00
	1.00

	Relative RSRQ Accuracy
	±1.50
	±1.50
	±1.80
	±1.00
	±1.00
	±1.50

	Estimated RSRQ 90%
	-15.40
	-15.60
	-15.60
	-16.40
	-16.20
	-16.50
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
	[image: image48.emf]-24 -22 -20 -18 -16 -14 -12

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Estimated RSRQ

CDF

EPA5Hz,interfering SNR=10dB,option 2

case 1

case 2

case 3

case 4

case 5

case 6


(d) Estimated RSRQ distribution


Figure 12 RSRP/RSRQ results in EPA5 in case of option 2 with interfering cell at SNR=10 dB 
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