3GPP TSG-RAN WG4 #61
R4-115720
[image: image2.wmf]-5

0

5

10

15

20

25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

conditional dominant macro cell E

s,I

 / N

oc

 [dB]

Conditional dominant macro cell E

s,I

/N

oc

 for CRE UEs

 

 

cond. dom. macro cell E

s,I

/N

oc1

cond. dom. macro cell E

s,I

/N

oc2

cond. dom. macro cell E

s,I

/N

oc3

November 14th – November 21st, 2011, San Francisco, USA
Agenda item:
6.3.3.1
Source: 
Qualcomm Incorporated
Title: 
Analysis of interference levels in eICIC in ABS and non-ABS subframes
Document for:
Discussion
1. Introduction
One of the major outstanding issues in defining the eICIC demodulation test cases is the interfering level of a single interfering cell. In the last meeting various discussions on the interference level took place and proposals for interference models applying one or two noise sources have been made, since it has been observed that multiple interference levels occur in a ABS subframe. 

In this contribution we discuss the advantages and disadvantages of the proposals made so far and provide further system level simulations to define suitable interference levels.
2. Discussion
2.1. Analysis of the Interference Models
In this contribution we analyze the proposals made so far for the interference models in the eICIC and present further system level simulations. It has been agreed in previous meetings that the interference model should be defined based on the following principles

· The working assumptions is that one single interfering cell is present in the test cases [1].

· The SNR level for the single interfering cell should reflect typical scenarios [2]. 

· All macro cells apply the same ABS pattern (RAN1 simulation assumption)

Based on these assumptions, three different interference models have been proposed in the previous meeting [3], [4], [5]. In all three models a single cell is applied to model time and frequency-variant interference following the ABS pattern. White noise is used in all resource elements to approximate interference that is invariant over time and frequency. One of the differences in these models is how many white noise sources are involved. The interference models in [3] and [4] make use of one white noise source only, whereas the model in [5] applies two such sources. Another difference is what kind of interference is modeled as white noise. The following observation given in Table 1 can be made.
Table 1: Proposed Interference Models
	Contribution
	#Noise sources
	White Noise Model

	Qualcomm [3]
	1
	Noise source models pico interference only

	Ericsson [4]
	1
	Noise source models pico interference plus non-dominant macro interference

	Huawei, HiSilicon [5]
	2
	First noise source models pico interference

Second noise source models non-dominant macro interference due to CRS shifting


In [5] it was analyzed what interference levels will be seen in ABS subframes under the assumption that all macro cells apply the same ABS pattern and pico cells do not apply ABS patterns. The findings in [5] are shown in Figure 1. It is observed that three different interference levels exist in a ABS subframe depending on the OFDM symbol number. In OFDM symbols #1, #2, #3, #5, #6, #8, #9, #10, #12, #13 only interference only from pico cells is present, whereas the OFDM symbols #0, #4, #7, #11 are interfered from CRS transmission of non-dominant macro cells and CRS and data transmission from pico cells. Four REs in theses OFDM symbols experience additional interference from the CRS of the dominant macro cell. Based on this analysis the following observations can be made:

Observation 1: The noise source proposed in [3] underestimates the interference in OFDM symbols #0, #4, #7, #11, but models the interference in OFDM symbols #1, #2, #3, #5, #6, #8, #9, #10, #12, #13 correctly. 

Observation 2: The noise source proposed in [4] models the interference in OFDM symbols #0, #4, #7, #11 correctly, but overestimates the interference in OFDM symbols #1, #2, #3, #5, #6, #8, #9, #10, #12, #13.   
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Figure 1: Different interference levels on the resource elements of the pico UE in ABS subframes
The observations indicate that the models in [3] and [4] are not fully able to model the interference scenario in a ABS subframe correctly that is encountered in a real network. Only the model proposed in [5] has the capability to model all three interference levels correctly. However, this model is more complex and it needs to be discussed further whether this model is applicable in a test setup. If for complexity reasons a model with a single noise source is chosen, the noise level needs to be set very carefully. 

Observation 3: An interference model with one noise source or one explicitly modelled interferer is not able to model the interference level in a ABS subframe correctly.

2.2. System Level Simulations

Several way forwards have been discussed in [6], [7], [8] but no agreement could be achieved which model to choose and how to define the interference level. In [9] an approach was proposed for a model with two noise sources how to extract statistics from system level simulations to get further insight into the magnitude of the interference. The proposal can be summarized as follows:
1) Consider the three sets of UEs {CRE UEs}, {non-CRE UEs} and {All UEs} separately.
2) Extract for each set of UEs the CDF ES/Noc1 and fix those UEs that contribute to the 40%-tile - 60%-tile.
· ES is the received energy of the serving pico cell.

· Noc1 is the noise power density of the interference of all other pico cells in all OFDM symbols. Noc1 reflects the noise level in OFDM symbols #1, #2, #3, #5, #6, #8, #9, #10, #12, #13 in ABS subframes.
3) For the fixed UEs construct the conditional CDFs Noc1 and ES,I.

· ES,I is the received energy of the dominant macro cell.

4) For the fixed UEs construct the conditional CDFs ES,I/Noc1, ES,I/Noc2 and ES,I/Noc3.
· Noc2 is the noise power density of the interference of all other pico cells plus the interference generated by CRS transmission of all non-dominant macro cells. Noc2 reflects the noise level in OFDM symbols #0, #4, #7, #11 in ABS subframes.

· Noc3 is the noise power density of the interference of all other pico cells plus the interference generated by CRS and data transmission of all non-dominant macro cells. Noc3 reflects the noise level in all OFDM symbols in non-ABS subframes.

Splitting up the UEs in three sets and fixing the UEs that contribute to the 40%-tile - 60%-tile ensures that representative interference levels can be extracted. This is in particular important since the PDSCH demodulation test for TM2 should reflect a UE located in CRE region while a potential test for TM3 should represent a location in non-CRE region.

In the following we present system level simulation results to identify for ABS and non-ABS subframes the following CDFs:
· Interference level ES,I of the dominant macro interferer.

· Noise power density Noc1. This is the noise power density required for the interference model proposed in [3].
· Noise power density Noc2. This is the noise power density required for the interference model proposed in [4].
· Noise power density Noc3 required for non-ABS subframes.

· CDFs representing ES,I/Noc1, ES,I/Noc2 for ABS subframes and ES,I/Noc3 for non-ABS subframes are derived.

In the next subsection we provide system level simulation results following the proposal made in [9].
2.2.1. Results for 6 dB Cell Range Expansion
In this section we provide simulation results for random PCI planning and 6 dB bias. Since a 2x2 antenna configuration is assumed three CRS positions exist for the macro cells. Therefore the interference in ABS subframes from the non-dominant macro cells in OFDM symbols #0, #4, #7, #11 in a specific resource element is caused by about 1/3 of the macro cells. The simulation assumptions are given in the appendix. 
The conditional CDFs for the dominant interfering ES,I/Noc are given in Figure 2, i.e. the CDF is plotted only for those UEs that contribute to the 40%-tile - 60%-tile of ES/Noc1. The conditional noise levels are given in Figure 3. The left and the right plots further distinguish between UEs that are in CRE and those that are outside the CRE region.
[image: image3.wmf]-130

-125

-120

-115

-110

-105

-100

-95

-90

-85

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

N

oc

 [dBm/15kHz]

Conditional N

oc

 for CRE UEs

 

 

conditional N

oc1

conditional N

oc2

conditional N

oc3

[image: image4.wmf]-130

-125

-120

-115

-110

-105

-100

-95

-90

-85

-80

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

N

oc

 [dBm/15kHz]

Conditional N

oc

 for non-CRE UEs

 

 

conditional N

oc1

conditional N

oc2

conditional N

oc3

  
[image: image5.wmf]-10

-5

0

5

10

15

20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

conditional dominant macro cell E

s,I

 / N

oc

 [dB]

Conditional dominant macro cell E

s,I

/N

oc

 for non-CRE UEs

 

 

cond. dom. macro cell E

s,I

/N

oc1

cond. dom. macro cell E

s,I

/N

oc2

cond. dom. macro cell E

s,I

/N

oc3

[image: image6.wmf]-10

0

10

20

30

40

50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

E

s

/N

oc

 [dB]

Serving cell E

s

/N

oc

 for all UEs

 

 

E

s

/N

oc1

conditional E

s

/N

oc2

conditional E

s

/N

oc3

 Figure 2: Conditional dominant interfering cell Es,I/Noc for CRE and non-CRE UEs
Figure 3: Noc for CRE UEs and non-CRE UEs

It has been agreed in the last meeting that the reference SNR for the TM2 test should represent a location of the UE in CRE region. The 50%-tile of the CDF is taken as a representative for a typical interference situation in the CRE region. Based on these simulations we make the following observations and proposals for ABS subframes:
Observation 4: The 50%-tile of the conditional dominant macro ES,I/Noc1 and ES,I/Noc2 is roughly 12 dB and 8 dB, respectively, in the CRE region for 6 dB bias. These values correspond the interfering cell SNR in ABS subframes.
Observation 5: The 50%-tile of the conditional Noc1 is roughly -110 dBm/15 kHz. This value corresponds to the noise level of the other pico interference that is present in ABS and non-ABS subframes.
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Finally, Figure 4 shows the scatter plot for Es/Noc and ES,I/Noc with Noc ( {Noc1, Noc2} assuming a bias of 6 dB. A similar plot was shown in [4]. Also the (x,y) median values are shown for the CRE UEs.

Figure 4: Scatter Plots for Es/Noc and ES,I/Noc
Comparing both plots with the scatter plot in [4] shows a good coincidence with the plot on the right hand side. This indicates that in [4] the noise models Noc2 yielding to larger values of the noise level and, consequently, to lower Es,I/Noc values.
2.2.2. Results for 4 dB and 9 dB Cell Range Expansion
In this section we present in Figure 3 and Figure 4 the conditional CDFs for ES,I/Noc for 4 dB and 9 dB cell range expansion for UEs in CRE and in non-CRE region. 
It is seen that the conditional CDF does not depend much on the bias for UEs in non-CRE region. This is obvious since the non-CRE region is not affected by the cell range expansion bias. However, for UEs in CRE region the bias impacts the CDFs. Comparing Figure 2, Figure 3 and Figure 4 reveals that the median value of the CDFs for ES,I/Noc1and ES,I/Noc2 increases for bias to 9 dB. For 4 dB and 6 dB bias the difference is not significant. 
Observation 6: The 50%-tile of the conditional dominant macro ES,I/Noc1 and ES,I/Noc2 in the CRE region for 4 dB bias is roughly the same as for 6 dB bias. 
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Observation 7: The 50%-tile of the conditional dominant macro ES,I/Noc1 and ES,I/Noc2 is roughly 14 dB and 10 dB, respectively, in the CRE region for 9 dB bias. 
Figure 5: Conditional dominant interfering cell Es,I/Noc for CRE and non-CRE UEs for 4 dB bias

[image: image10.emf] 

-5 0 5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

conditional dominant macro cell E

s,I

 / N

oc

 [dB]

Conditional dominant macro cell E

s,I

/N

oc

 for CRE UEs

 

 

cond. dom. macro cell E

s,I

/N

oc1

cond. dom. macro cell E

s,I

/N

oc2

cond. dom. macro cell E

s,I

/N

oc3

-10 -5 0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

conditional dominant macro cell E

s,I

 / N

oc

 [dB]

Conditional dominant macro cell E

s,I

/N

oc

 for non-CRE UEs

 

 

cond. dom. macro cell E

s,I

/N

oc1

cond. dom. macro cell E

s,I

/N

oc2

cond. dom. macro cell E

s,I

/N

oc3


Figure 6: Conditional dominant interfering cell Es,I/Noc for CRE and non-CRE UEs for 9 dB bias
3. Conclusion 

In this contribution we investigated the interference level for eICIC demodulation and CSI reporting tests by means of system level simulations.  We made the following obsercvations:
Observation 1: The noise source proposed in [3] underestimates the interference in OFDM symbols #0, #4, #7, #11, but models the interference in OFDM symbols #1, #2, #3, #5, #6, #8, #9, #10, #12, #13 correctly.
Observation 2: The noise source proposed in [4] models the interference in OFDM symbols #0, #4, #7, #11 correctly, but overestimates the interference in OFDM symbols #1, #2, #3, #5, #6, #8, #9, #10, #12, #13.  

Observation 3: An interference model with one noise source or one explicitly modelled interferer is not able to model the interference level in a ABS subframe correctly.
Observation 4: The 50%-tile of the conditional dominant macro ES,I/Noc1 and ES,I/Noc2 is roughly 12 dB and 8 dB, respectively, in the CRE region for 6 dB bias. These values correspond the interfering cell SNR in ABS subframes.

Observation 5: The 50%-tile of the conditional Noc1 is roughly -110 dBm/15 kHz. This value corresponds to the noise level of the other pico interference that is present in ABS and non-ABS subframes.
Observation 6: The 50%-tile of the conditional dominant macro ES,I/Noc1 and ES,I/Noc2 in the CRE region for 4 dB bias is roughly the same as for 6 dB bias.
Observation 7: The 50%-tile of the conditional dominant macro ES,I/Noc1 and ES,I/Noc2 is roughly 14 dB and 10 dB, respectively, in the CRE region for 9 dB bias.

We suggest to take these observations into account to define the correct interference levels. Proposals derived from these observations are presented in [10].
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Appendix A: Further Simulation Results
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  Figure 7:  Serving cell SNR and Noc for all UEs, 6 dB Bias
Figure 8: Serving cell SNR and Noc for CRE UEs, 6 dB Bias
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Figure 9: Serving cell SNR and Noc for non-CRE UEs, 6 dB Bias

 Figure 10: Statistics for dominant interfering cell Es/Noc for all UEs
5. Appendix B: System Level Assumptions

Table 2: System level simulation assumptions
	Parameter
	Setting

	Scenario
	Configuration #4b with N = 4 pico nodes per macro area

	ABS patterns
	All macros apply the same ABS pattern, picos do not apply ABS pattern 

	Antenna configuration
	2x2

	ISD
	500m

	Cell selection offset
	6 dB, 9 dB

	Pico transmit power 

Macro transmit power
	24 dBm

46 dBm

	PCI planning
	Random 
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