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1. Introduction
In RAN4 #61 further discussions about CSI reporting accuracy test cases for eICIC took place. It has been agreed to define CSI reporting test cases both for clean (ABS) and unclean (non-ABS) subframes. In order to investigate the impact of the interference model on CSI reporting, simulation assumptions have been defined for static channels [1]. 
In this contribution we provide the simulation results for this simulation request and discuss the impacts on the definition of CSI reporting test cases. 
2. Discussion
In RAN4 #61 discussions about CSI reporting test cases for eICIC took place. Since CSI reporting in eICIC is defined both in ABS and non-ABS subframes, it has been agreed that CSI reporting test cases should be defined both in ABS and non-ABS subframes in order to ensure that no improper averaging across subframes with different interference levels is done. In RAN4 #61 also the interference model for PDSCH TM2 and PDCCH/PHICH has been defined [2]. In order to investigate the impact of the interference model on CSI reporting, simulation assumptions have been defined for static channels [1] for Alternative 1 and Alternative 3 as proposed in [3].
2.1. Results for Interference Model Alternative 1

In the following we present the simulation results for Alternative 1 of the interference model. The simulation assumption are repeated in the appendix. A MMSE receiver was chosen in the simulations. 
In this model the interfering cell ES,I/Noc2 is set to 6 dB. The ratio Noc2/Noc1 is set to 4 dB, the ratio Noc3/Noc2 is defined as 3.2 dB. Noc1 and Noc2 model two different noise levels in ABS subframes. Noc3 describes the noise in non-ABS subframes. 
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Figure 1
 shows for ABS subframes both the CQI distribution and the BLER that is obtained when the fixed MCS is selected based on the reported  median CQI ( 1. In the CQI distribution also the mean value is indicated. 
Figure 1: left) CQI Distribution, right) BLER in ABS Subframes
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Figure 2 shows CQI distribution and BLER for median CQI ( 1 for non-ABS subframes. In both figures the x-axis represents serving cell ES/Noc2. The figures show that both in ABS and non-ABS subframes the CQI distribution is within ( 1 around the median CQI. Restricting the measurement period to a subframe does not enlarge the variance of the reported CQI.  
Figure 2: left) CQI Distribution, right) BLER in non-ABS Subframes

For non-ABS subframes in Figure 2 it is seen that the BLER fulfils the Rel-8/9 CQI reporting requirements in AWGN that BLER for median CQI + 1 shall be larger than 0.1 if BLER of median CQI is less than 0.1 and BLER for median CQI - 1 shall be less than 0.1 if BLER of median CQI is larger than 0.1.

For ABS subframes in Figure 1, however, the BLER criterion is not fulfilled. Due to the higher noise level in CRS OFDM symbols than in non-CRS OFDM symbols, the CQI is underestimated. Therefore the BLER of the median CQI is much lower than 0.1. Since the difference between Noc2 and Noc1 is 4 dB and a CQI difference of one corresponds to roughly 2 dB, also the BLER of median CQI + 1 can be less than 0.1.

Next we investigate the difference of the mean reported CQI in ABS and non-ABS subframes. In ABS subframes the SNR on the CRS tones is given by ES/Noc2 since OFDM symbols #0, #4, #7, #11 experience noise level Noc2. In non-ABS subframes the SINR on the CRS tones is given by ES/(Noc3+ES,I). With the agreed values of Noc3/Noc2 = 3.2 dB and ES,I/Noc2 = 6 dB this SINR can be written as ES/(Noc3+ES,I) = ES/(6.09 ( Noc2) = ES/Noc2 – 7.85 dB. 
Figure 3 shows the difference in reported mean CQI for the MMSE receiver. It is seen that the difference (CQI in CQI is much smaller between a ABS and a non-ABS subframe for a MMSE receiver than expected by the SINR difference. One reason for this is the inter cell interference suppression capabilities of a MMSE receiver. Another reason is the phase ambiguity in the simulation assumptions. Since no phase for the channels of the serving and interfering cell was specified, a random phase was selected for each simulation run. This also reduces the CQI difference between ABS and non-ABS subframes.  
[image: image1.emf]0

1

2

1 3 5 7 9 11 13 15

Mean CQI (ABS) 

-

Mean CQI (non

-

ABS)

Serving Cell Es/Noc2 [dB]


Figure 3: Difference of Mean CQI values in ABS and non-ABS Subframes

From this figure in can be concluded that the difference in reported mean CQI depends significantly on the receiver in the terminal. For advanced receivers the difference may become less as given by the interference and noise settings. If the difference (CQI of reported mean CQI is chosen as a metric in a CSI reporting test case, it needs to be set carefully in order not to penalize advanced receivers.
2.2. Results for Interference Model Alternative 3
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 Now we present the results for Alternative 3 of the interference model according to the simulation assumptions given in [1]. Figure 4 and Figure 5 show the CQI distribution including the mean CQI and the resulting BLER for median CQI ( 1 for interfering cell ES/Noc = 6 dB. As for Alternative 1, it is seen in the left hand side of both figures that the CQI distribution is well centered around the median value. Also for Alternative 3 the restricted measurement interval does not enlarge the variance of the CQI report.
Figure 4: left) CQI Distribution, right) BLER in ABS Subframes – ES/Noc = 6 dB
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Figure 5: left) CQI Distribution, right) BLER in non-ABS Subframes – ES/Noc = 6 dB
The right hand side of both figures show the BLER distribution of both ABS and non-ABS subframes. It is seen that the Rel-8 BLER criterion for median CQI ( 1 is fulfilled. For non-ABS subframes this behavior is expected since the CRS REs experience the same interference levels as the data REs. 
In ABS subframes, however, the CQI is overestimated in Alternative 3 since the interference on the CRS REs is lower than the interference on some data REs that are disturbed by the CRS REs of the interfering cell. However, the BLER criterion is still fulfilled since 95.5% of all data REs experience the same SINR than the CRS REs under the simulation assumptions in [1]. 
Finally, Figure 6 shows the difference in reported mean CQI for Alternative 3 and interfering cell ES/Noc = 6 dB. Again, a MMSE receiver has been applied in these simulations. As for Alternative 1 it is seen in this figure that the CQI difference is much smaller than indicated by the CRS SINR levels due to the interference suppression capabilities of the MMSE receiver and the phase ambiguity of the channels of the serving and interfering cell.
If the difference (CQI of reported mean CQI of ABS and non-ABS subframes is chosen as a metric in a CSI reporting test case, it needs to be set carefully in order not to penalize advanced receivers. Choosing TM2 in the test case instead of TM1 may be more appropriate in order to limit the interference suppression capabilities and enlarge the (CQI. 
Also the phases of the static channels of the serving and interfering cell needs to be defined in the test setup. Similarly to the static CSI reporting test case in eDL MIMO, the phase differences at the UE needs to be limited and kept constant over the duration of the test.
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Figure 6: Difference of Mean CQI values in ABS and non-ABS Subframes
For ES/Noc = 8 dB the results are provided in the appendix, since they are very similar to the results for ES/Noc = 6 dB. 
3. Conclusion 
In this contribution we provide simulation results for CSI reporting in static conditions and discuss the impacts on the definition of CSI reporting test cases. The following observations are made for Alternative 1 and Alternative 2:
Observation 1: Both in Alternative 1 and Alternative 3 the reported CQI is within ( 1 around the median CQI in ABS and non-ABS subframes. The restricted measurement period in eICIC does not enlarge the variance of the reported CQI.
Observation 2: Both in Alternative 1 and Alternative 3 the Rel-8/9 BLER criterion for CQI reporting is fulfilled for non-ABS subframes.

Observation 3: For ABS subframes in Alternative 1 the CQI is underestimated. The BLER of both median CQI and median CQI + 1 can be less than 0.1. Hence, the Rel-8/9 BLER criterion for CQI reporting may not be fulfilled in ABS subframes.
Observation 4: For ABS subframes in Alternative 3 the CQI is overestimated, however 95.5% of the data REs experience the same SINR than the CRS REs. Hence, the Rel-8/9 BLER criterion for CQI reporting is fulfilled in ABS subframes.

If the difference (CQI of reported mean CQI of ABS and non-ABS subframes is chosen as a metric in a CSI reporting test case, it needs to be set carefully in order not to penalize advanced receivers. Choosing TM2 in the test case instead of TM1 may be more appropriate in order to limit the interference suppression capabilities and enlarge the (CQI. Also the phases of the static channels of the serving and interfering cell needs to be defined in the test setup. Similarly to the static CSI reporting test case in eDL MIMO, the phase differences at the UE needs to be limited and kept constant over the duration of the test.

These observations should be taken into account when defining the CSI reporting test cases for eICIC. Further considerations CSI reporting are provided in [4].
4. Appendix A: Simulation Assumptions

	Parameter
	　Value

	System bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Transmission mode
	1

	Number of OFDM symbols for PDCCH
	3 symbols per subframe

	Antenna configuration
	1x2, low correlation

	Propagation channel
	AWGN

	Power allocation (ρA,  ρB) 
	0 dB

	Serving cell SNR measured at CRS
	To be simulated for 1 to 15dB [2dB step]

(SNR = Es/Noc2 for interference model alternative 1

SNR= Es/Noc for interference model alternative 3)

	Feedback mode
	PUCCH 1-0

	Physical channel for CQI reporting
	PUCCH Format 2

	PUCCH Report Type
	4

	Reporting periodicity
	NP = 5

	cqi-pmi-ConfigurationIndex
	6

	Frequency error
	0 Hz

	Tx EVM error 
	6%

	Maximal number of HARQ transmission
	1

	Pattern for CSI1 measurements
	[10101010]

	Pattern for CSI2 measurements
	[01010101]

	ABS pattern in interfering cell
	[10101010]

	Interfering cell configuration
	Non-MBFSN ABS with non-colliding RS

	Interference model [1]
	Alternative 1 ( Es_int/Noc2=[6] dB in ABS and Noc3/Noc2=3.2 dB, Noc2/Noc1 = 4 dB) or

Alternative 3 (single level with Es_int/Noc = [6, 8, 10] dB)

Es_int is the dominant interferer power.


5. Appendix: Results for Alternative 3 and ES/Noc = 8 dB
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Figure 7: left) CQI Distribution, right) BLER in ABS Subframes – ES/Noc = 8 dB

[image: image14.emf]0

2

4

6

8

10

12

14

1 3 5 7 9 11 13 15

CQI

Serving Cell Es/Noc2 [dB]


Figure 8: left) CQI Distribution, right) BLER in non-ABS Subframes – ES/Noc = 8 dB
References

[1] R4-116302, “Simulation assumptions for evaluating eICIC CQI tests”, Intel Corporation, TSG-RAN4 #61, November 2011
[2] R4-116283, “Way forward on the interference levels for eICIC demodulation”, Huawei, HiSilicon, Ericsson, ST-Ericsson, Qualcomm Incorporated, Verizon, TSG-RAN4 #61, November 2011

[3] R4-115792, “Way forward on interference level setting in eICIC”, Qualcomm Incorporated, TSG-RAN4 #61, November 2011

[4] R4-120422, “Further considerations on CSI reporting accuracy test cases for eICIC”, Qualcomm Incorporated, TSG-RAN4 #62, February 2012
8
1

