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1
Introduction

The need to identify the receiver type as well as the possibility for adding coverage for CSI testing for advanced receivers has been discussed during the course of the work item. During RAN4#64, the following way forward was agreed:
· One CRS based test is introduced to verify receiver type for UE demodulation and CSI reporting for FDD and TDD within the time of work item completion date

· CSI-RS based test is FFS
An initial evaluation framework was agreed in [1] for simulation purposes in order to verify the feasibility of the proposed approach. In this contribution, we provide our link level evaluation results following the agreed framework and validating the proposed methodology. Finally, we discuss the remaining details and test parameters.
2 
Link level performance evaluation 
In this section we provide our link level results following the agreed evaluation framework [1]. The relative throughput criterion (i.e. 
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) versus signal-to-interference-and-noise-ratio (SINR) is depicted in Figures 1-4 for given values of the interference-to-noise ratio (INR). The -metric has been studied for the following values of INR:

1. INR=3dB (DIP=-1.76dB), which corresponds to conditions used for the demodulation part (synchronous case);

2. INR=7dB (DIP=-0.79dB);
3. INR=10dB (DIP=-0.41dB) as requested in [1];
4. INR=13dB (DIP=-0.21dB) as requested in [1].
The following two combinations of detectors for CSI reporting and demodulation were considered:
· IRC detector for CSI reporting and IRC detector for demodulation (blue curves);

· MRC detector for CSI reporting and IRC detector for demodulation (red curves).
Then, as suggested in the evaluation framework, we investigate the block error rate (BLER) vs. SINR (i.e. geometry) for each value of INR for the two considered detector combinations. Results are depicted in Figures 5-8. Finally, we report the observed median CQI values in Table 1 which may be used as further input for selecting the test points.
Based on the provided results, the following observations can be made:

· As expected, the -metric shows a significant throughput gain with follow-CQI when IRC detector is used for both demodulation and CSI reporting. The gains are the largest at very low SINRs and also grow further with increasing INR.
· Comparably, using IRC for demodulation but MRC for CSI reporting leads to moderate gain with follow-CQI, mostly due to improved IRC demodulation performance hampered by under-estimated CQI.
· BLER results confirm “under-reporting” (i.e. pessimistic CQI) when MRC is used instead of IRC for CSI reporting: too low BLER explains lower relative throughput performance with follow-CQI.
These results and observations are consistent with the ones in earlier references [2]
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Figure 1: -metric value vs. SINR [dB] for two considered detectors combinations for CSI reporting/demodulation – INR=3dB (DIP= -1.76dB)
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Figure 2: -metric value vs. SINR [dB] for two considered detectors combinations for CSI reporting/demodulation – INR=7dB (DIP= -0.79dB)
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Figure 3: -metric value vs. SINR [dB] for two considered detectors combinations for CSI reporting/demodulation – INR=10dB (DIP= -0.41dB)
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Figure 4: -metric value vs. SINR [dB] for two considered detectors combinations for CSI reporting/demodulation – INR=13dB (DIP= -0.21dB)
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Figure 5: BLER vs. SINR [dB] for two considered detectors combinations for CSI reporting/demodulation – INR=3dB (DIP= -1.76dB)
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Figure 6: BLER vs. SINR [dB] for two considered detectors combinations for CSI reporting/demodulation – INR=7dB (DIP= -0.79dB)
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Figure 7: BLER vs. SINR [dB] for two considered detectors combinations for CSI reporting/demodulation – INR=10dB (DIP= -0.41dB)
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Figure 8: BLER vs. SINR [dB] for two considered detectors combinations for CSI reporting/demodulation – INR=13dB (DIP= -0.21dB)


Table 1: Median CQI values
	SINR (dB)
	Median CQI with AWGN
	Median CQI with INR=3dB
	Median CQI with INR=7dB
	Median CQI with INR=10dB
	Median CQI with INR=13dB

	-4
	3
	4
	5
	6
	7

	-2
	4
	5
	6
	7
	8

	0
	5
	6
	7
	8
	9

	2
	6
	7
	8
	9
	10

	4
	7
	8
	9
	10
	11

	6
	8
	9
	10
	11
	11


3
Discussion
The evaluation results confirm that it is indeed feasible to construct a requirement scenario for verifying the receiver type and CSI reporting for advanced receivers along the lines of the framework in [1]. In order to finalize the test setup, the following items require further consideration:
· Test point(s) should target low SINR region (e.g. within [-1dB, 4dB]) to ensure sufficient gain (higher -metric values) and discrimination between IRC/IRC and MRC/IRC, but also for consistency with demodulation tests for advanced receivers. The median CQIs reported in Table 1 may provide us some guidance for choosing the SNR range/points such that CQI reporting stays within range, taking channel fading into account. Typically, CQI tests consider at least one pair of test points distant by 1dB, with the possibility to pass the test at either one or both of them. 
· Interference-to-noise ratio should be large enough to guarantee sufficient gain (higher -metric values) and discrimination between IRC/IRC and MRC/IRC at the test point. Both INR=7dB and INR=10dB are seen as sufficient to achieve the goal of the test. The value of INR=7dB is slightly preferred since it is closer in terms of DIP to what is typically observed in system level simulations and it is therefore more realistic value. It is noted that INR=3dB which corresponds to DIP conditions for the demodulation part does not provide sufficient gain with follow-CQI for IRC/IRC in order to be used for testing purposes given necessary margins. 
· Requirement on  should be set to guarantee good discrimination between IRC/IRC and MRC/IRC whilst allowing sufficient implementation margin.
· Additional requirement on BLER: could be considered in principle with the goal of preventing under-reporting of CQI but not for tightening CQI requirements. However, given the very good differentiation of IRC/IRC and MRC/IRC in terms of -values for both INR=7dB and INR=10dB, we don’t see as necessary to introduce any additional criterion such as the BLER, provided that the requirement on  is set properly (i.e. above the MRC/IRC curve).
Finally, we sketch a proposal in Table 2 below for further discussion during RAN4#64bis:
Table 2: Proposal for advanced receivers receiver type verification and CSI reporting
	
	Alternative 1
	Alternative 2

	Test point SINR [dB]
	[-1, 0]
	[-1, 0]

	INR [dB]
	7
	10

	 greater or equal to
	[1.2]
	[1.5]


4
Conclusion

The evaluation results in this contribution confirm that it is indeed feasible to construct a requirement scenario for verifying the receiver type and CSI reporting for advanced receivers along the lines of the framework in [1]. In order to finalize the test setup, the following items need to be further discussed and decided during RAN4#64bis: test point SINR(s), value of INR as well as requirements on the relative throughput metric.
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