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Discussion
1
Introduction
In RAN4 #62, we showed that requirements based on CQI variance and BLER can be defined for both ABS and non-ABS subframes using simulation assumption in [1] if SNR and MCS levels are carefully chosen [2]. On the other hand, it is also important to make the eICIC CQI tests receiver agnostic, or at least not to penalize advanced receivers, which can have quite different performance than the baseline receiver under strong interference. The behavior and performance of advanced receivers are evaluated under the eICIC static CQI testing framework. Proposals for the eICIC static CQI test are made based on the evaluation results.
2
Impact of advanced receivers in the eICIC CQI test
Different advanced receiver techniques can be used in eICIC ABS and non-ABS subframe. The following are some possibilities:
1.  In ABS

a. CRS cancellation or mitigation

b. Symbol-by-symbol noise plus interference power estimation 
2.  In non-ABS

a. MMSE-IRC receiver for demodulation and the corresponding CQI estimation based on the covariance matrix.
In ABS, assuming CQI is estimated based on serving cell CRS only, which is the common scenario if CSI-RS is not configured, dominant interferer’s CRS degrades the demodulation performance and can potentially make the CQI estimation too optimistic. Techniques like CRS cancellation and mitigation should help close the gap, thus helping the advanced receiver passing any BLER requirements. Symbol-by-symbol noise plus interference estimation can provide benefit when interference alternative 1 is used. This benefit, however, can make estimated CQI too pessimistic or BLER too low. The problem can be fixed by 1) CQI estimation based on the noise/interference power of each symbol, or 2) using interference alternative 3. 1) can be fixed by UE implementation and 2) can be defined in eICIC CQI test.
For non-ABS, MMSE-IRC receiver and CQI estimation designed for MMSE-IRC can definitely generate difference performance in scenarios with high interference, as shown in the TP for enhanced UE performance study item [3]. However the eICIC CQI test framework provides a unique channel condition where the interference and signal are fully correlated, i.e.,
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where ri is received signal at antenna i; ni is noise at antenna i; s1 is signal from the serving cell; s2 is signal from the interfering cell. As one can see, two received signals are identical except for noise. Serving cell and interfering cell signals are identically correlated for both antennas. Advanced receivers cannot provide any benefit compared to the baseline receiver in this case. 
When computing CQI in non-ABS, the baseline receiver generates CQI assuming antenna combining gain can help reduce both interference and noise power, while only noise power can be reduced. Therefore corresponding BLER using the reported CQI is higher than expected, as demonstrated in Table 2 and 4. On the other hand, MMSE-IRC receiver based CQI estimation provides lower CQI values, which are more practical given the channel condition. In fact, it can be shown that capacity based on MMSE-IRC is consistently smaller than capacity based on baseline using the following equations:
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where h is serving cell channel; p is interference power; n is noise power. To verify the performance of MMSE-IRC in non-ABS, same test scenario used in [1] is used and results are shown in the next two tables.
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	1
	100%
	1
	1
	N/A
	

	3
	1
	100%
	1
	1
	N/A
	

	5
	2
	100%
	0.4469
	1
	0.0063
	Pass

	7
	4
	100%
	0.9000
	1
	0
	Pass

	9
	5
	100%
	0.2125
	1
	0
	Pass

	11
	6
	100%
	1
	1
	0.0031
	Pass

	13
	7
	100%
	0.0375
	1
	0.0063
	Pass

	15
	8
	100%
	0.0094
	1
	0
	Pass


Table 1: MMSE-IRC performance in non-ABS with Alternative 1 interference model 

	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	1
	100%
	1
	1
	N/A
	

	3
	1
	100%
	1
	1
	N/A
	

	5
	1
	100%
	0.9625
	1
	N/A
	

	7
	3
	100%
	0.5813
	1
	0.0094
	Pass

	9
	4
	100%
	0.1469
	1
	0
	Pass

	11
	5
	100%
	1
	1
	0
	Pass

	13
	7
	100%
	1
	1
	0
	Pass

	15
	8
	100%
	1
	1
	0
	Pass


Table 2: MMSE-IRC performance in non-ABS with Alternative 3 interference model
Compared to Table 3 and 5, we can see that MMSE-IRC receiver can make more accurate CQI estimation in ABS so that the BLER requirements can be easily met.
3
Summary

In this contribution, we evaluate the impact of advanced receivers on eICIC CQI tests. The impact is somewhat different in ABS and non-ABS subframes. For ABS, advanced receivers should make CQI estimates match demodulation performance better if alternative 3 interference model is used. On the other hand, if alternative 1 interference model is used, demodulation performance can be further improved by using symbol-based noise/interference power. In this case, CQI estimate can match demodulation performance by considering symbol-based noise/interference power.
For non-ABS, we show from capacity analysis and simulation that MMSE-IRC receivers provide better match between demodulation performance and CQI estimation than the baseline receiver.
Together with the baseline receiver results in [2], we conclude our evaluation with the following proposals:

Proposal 1: Rel 8/9 BLER requirements can be applied to both ABS and non-ABS subframes. Both the baseline receiver and advanced receiver should be able to pass the requirements.
Proposal 2: Because BLER is a more direct metric to test CQI accuracy, it is not recommended to use CQI difference between ABS and non-ABS as a test metric. 

Proposal 3: Both alternative 1 and 3 interference models can be used in the eICIC static CQI tests. However alternative 3 model removes the inconsistent noise power between CRS and non-CRS symbols, thus potentially yielding better match of CQI estimates and demodulation performance.
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5
Appendix: Static CQI test results using the baseline receiver
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	2
	100%
	1
	1
	1
	Fail

	3
	3
	100%
	1
	1
	0.9031
	Fail

	5
	4
	100%
	1
	1
	0
	Pass

	7
	5
	100%
	1
	1
	0
	Pass

	9
	6
	100%
	0.7656
	1
	0
	Pass

	11
	7
	100%
	1
	1
	0
	Pass

	13
	8
	100%
	0.9781
	1
	0
	Pass

	15
	9
	100%
	1
	1
	0
	Pass


Table 3: Alternative 1 interference model, non-ABS
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	6
	100%
	0
	1
	0
	Pass

	3
	7
	100%
	0
	1
	0
	Pass

	5
	8
	100%
	0.0031
	1
	0
	Pass

	7
	9
	100%
	0
	0.678
	0
	Pass

	9
	10
	100%
	0
	1
	0
	Pass

	11
	11
	100%
	0.003
	1
	0
	Pass

	13
	12
	100%
	0.778
	1
	0
	Pass

	15
	13
	100%
	0.1344
	1
	0
	Pass


Table 4: Alternative 1 interference model, ABS
The simulation results with Alternative 3 interference model are summarized in Table 4 and 5. Note that Es_int/Noc is fixed to 8 dB if Alternative 3 is used. 

	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	1
	98.7%
	1
	1
	-
	

	3
	3
	99%
	1
	1
	0.9938
	Fail

	5
	4
	100%
	1
	1
	0.9719
	Fail

	7
	5
	100%
	1
	1
	0.9437
	Fail

	9
	6
	100%
	1
	1
	0.0594
	Pass

	11
	7
	100%
	1
	1
	0
	Pass

	13
	8
	100%
	1
	1
	0
	Pass

	15
	9
	100%
	1
	1
	0
	Pass


Table 5: Alternative 3 interference model, non-ABS
	SNR
	Median CQI
	Percentage of reported CQI within  +/- 1 of median CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	6
	100%
	1
	1
	0
	Pass

	3
	7
	100%
	1
	1
	0
	Pass

	5
	8
	100%
	1
	1
	0
	Pass

	7
	9
	100%
	1
	1
	0
	Pass

	9
	10
	100%
	0.9656
	1
	0
	Pass

	11
	11
	100%
	1
	1
	0
	Pass

	13
	12
	100%
	1
	1
	0.003
	Pass

	15
	13
	100%
	1
	1
	0.475
	Fail


Table 6: Alternative 3 interference model, ABS
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