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1. Introduction
In RAN4 #60 a way forward on demod and CSI reporting requirements for eICIC was discussed and proposed to define CSI reporting accuracy test cases both for clean and unclean subframes [1]. However, so far most of the discussions on eICIC demodulation aspects concentrated on demodulation performance requirements but not yet on requirements for CSI reporting. 
In this contribution we share our view on CSI reporting in eICIC and propose test cases for ABS and non-ABS subframes.
2. Discussion
So far most of the discussions on eICIC demodulation aspects concentrated on demodulation performance requirements but not yet on requirements for CSI reporting. First views on CSI test cases were shared in [2] and [3]. In [1] it was proposed to define CSI reporting accuracy requirements for the two scheduling scenarios P_S1 and P_S2 defined as:

· P_S1: The UE is scheduled in ABS subframes where CSI1 measurements are defined.
· P_S2: The UE is scheduled in non-ABS subframes where CSI2 measurements are defined.
This proposal follows the RAN1 decision to configure zero or two subsets of subframes for CSI measurements [4].
Proposal 1: CSI reporting accuracy test cases shall be defined for both scheduling scenarios P_S1 and P_S2.

As stated in [4] the first subset of subframes could be chosen to indicate the expectation that they are subject to a different level of interference than in the second subset of subframes. Any difference in average interference level could then be reflected in the CSI reports linked to each subset. 

In order to ensure that the UE reports a reliable CSI for each subset of subframes reflecting the different interference levels, it is important to verify that the UE does not apply averaging across subframes of different interference levels. Otherwise the CQI report would be either too pessimistic for scenario P_S1 and too optimistic for scenario P_S2.

Proposal 2: A CQI reporting test case should be defined that verifies that no improper averaging across ABS and non-ABS subframe boundaries is applied in the UE to determine the CQI. 
In order to limit the number of CSI reporting test cases, the existing tests in Rel-8/9 should be revisited. In Rel-8/9 the following CSI reporting test cases are defined as shown in Table 1.

Table 1: CSI test cases in Rel-8/9
	CQI/PMI/RI
	Test Purpose
	Reporting Mode

	CQI
	CQI reporting definition under AWGN 
	PUCCH 1-0

	
	
	PUCCH 1-1

	
	Frequency selective scheduling
	PUSCH 3-0

	
	Frequency non-selective scheduling
	PUCCH 1-0

	
	Frequency-selective interference
	PUSCH 3-0

	PMI
	Single PMI
	PUSCH 3-1

	
	
	PUCCH 2-1

	
	Multiple PMI
	PUSCH 1-2

	
	
	PUSCH 2-2

	RI
	Fixed rank and rank adaptation
	PUCCH 1-1 (FDD) PUSCH 3-1 (TDD)


The selection of test cases should be in line with the transmission modes that are defined for verification of demodulation performance in eICIC. So far, it has been agreed that a test case for TM2 will be defined. The second transmission mode under discussion is TM3 (open loop MIMO). Test cases for closed loop MIMO will not be defined for eICIC in Rel-10. Therefore it seems reasonable not to introduce test cases for PMI reporting in Rel-10 time frame.

Proposal 3: No test cases for PMI reporting should be defined in Rel-10 for eICIC.
The purpose of the CQI tests in AWGN is to verify the CQI definition that the BLER should not exceed 0.1 if the transport block is chosen according to the reported CQI. This verification requires that the other cell interference modeled as white noise is the same in data and CRS REs, which is usually not the case in a real scenario. Since also in eICIC this idealized condition is not fulfilled, we propose not to define tests in AWGN conditions to verify the BLER performance.

Proposal 4: The existing CQI tests in Rel-8/9 in AWGN conditions to verify the resulting BLER should not be adopted to eICIC. 
The RI tests in Rel-8/9 are defined for TM4. Since no demodulation tests for TM4 will be defined it is not needed to repeat these tests for eICIC. Simulations for TM3 of various companies have shown that TM3 can provide performance benefits compared to TM2 in ABS subframes. Hence, a new test for RI reporting for TM3 should be defined in case that a TM3 demodulation test case is introduced.
Proposal 5: A RI reporting test should be defined applying TM3 for CSI1 measurements in clean subframes in case that a TM3 demodulation test case is introduced.  

In Rel-8/9 the reporting periodicity is set to 5 ms in most of the test cases. It has been pointed out in [3] that this reporting periodicity is not a reasonable setting in eICIC. In [5] it has been agreed that using the same patterns for CSI requirements as for RLM/RRM measurements is preferred. Hence, it can be expected that the patterns for RLM/RRM and CSI1 measurements in clean subframes are identical. With the patterns under discussion for RLM/RRM measurements, a CSI1 reporting periodicity of 8 ms for FDD and 10 ms for TDD seems realistic.
Proposal 6: The reporting periodicity for CSI1 measurements done in clean subframes should be set to 8 ms for FDD and 10 ms for TDD.
3. Test Cases for CSI reporting in eICIC

Based on the discussion in the previous section we propose to define four test cases for CSI reporting. The tests below are defined for FDD but the shall be applied to TDD as well with appropriate parameter modifications.
The first test has the aim to verify that no improper averaging across ABS and non-ABS subframe boundaries is applied in the UE.

Proposal 7: Verification of no improper averaging across subframe boundaries (Test 1)

· AWGN in serving and interfering cell 

· Transmission mode 2

· Pattern for CSI1 measurements [10101010] 

· Pattern for CSI2 measurements [01010101]

· ABS pattern in interfering cell [10101010]
· Non-MBFSN ABS with non-colliding RS 

· Interfering cell SNR = [10] dB

· Reporting mode PUCCH 1-0

· Metric: Difference in median CQI for CSI1 and CSI2 measurements ( (
The second test aims to verify that frequency-selective scheduling is still possible with increase in CSI reporting delay in ABS subframes. The serving cell shall schedule the UE in ABS subframes only. The parameters from section 9.3.1 in TS 36.101 should be re-used as much as possible.
Proposal 8: Verification of frequency-selective scheduling with preferred subbands (Test 2)

· Channel according to B.2.4 in TS 36.101 for serving and interfering cell

· Transmission mode 2

· Pattern for CSI1 measurements [11000000]

· Pattern for CSI2 measurements [00001100]

· ABS in interfering cell [11000000]

· Scheduling pattern in serving cell [11000000]

· Non-MBFSN ABS with non-colliding RS 

· Interfering cell SNR = [10] dB

· Reporting mode PUSCH 3-0

· CSI reporting periodicity = 8 ms

· Metric: As in section 9.3.2 of TS 36.101 based on CSI1 measurements
The third test shall verify that the preferred subbands are used for frequency-selective scheduling under frequency-selective interference in non-ABS subframes. The parameters from section 9.3.3 should be re-used as much as possible. 
Proposal 9: Verification of frequency-selective scheduling under frequency-selective interference (Test 3)
· Test setup according to Table 9.3.3.1.1-1 in TS 36.101

· Transmission mode 2

· Pattern for CSI1 measurements [11000000]

· Pattern for CSI2 measurements [00001100]

· ABS in interfering cell [11000000]

· Scheduling pattern in serving cell [00001100]

· Reporting mode PUSCH 3-0

· CSI reporting periodicity = 8 ms

· Metric: As in section 9.3.3 of TS 36.101 based on CSI2 measurements

Finally, the fourth test case should verify the RI adaptation performance for TM3 based on CSI1 measurements. As in section 9.5 of TS 36.101 the throughput achievable with rank adaptation should be compared to the throughputs in case always rank 1 transmission (SFBC) or rank 2 transmission (large delay CDD) is applied.
Proposal 10: Verification of RI reporting for TM3 (Test 4)
· EPA5 (2x2) for serving and interfering cell

· Pattern for CSI1 measurements [11000000]

· Pattern for CSI2 measurements [00001100]

· ABS in interfering cell [11000000]

· Scheduling pattern in serving cell [11000000]

· Non-MBFSN ABS with non-colliding RS 

· Interfering cell SNR = [10] dB

· Reporting mode PUCCH 1-1

· CSI reporting periodicity = 8 ms

· Metric: As in section 9.5 of TS 36.101 based on CSI1 measurements
4. Conclusion 
In this contribution test cases for CSI reporting accuracy have been discussed. In particular, it is proposed:
Proposal 1: CSI reporting accuracy test cases shall be defined for both scheduling scenarios P_S1 and P_S2.
Proposal 2: A CQI reporting test case should be defined that verifies that no improper averaging across ABS and non-ABS subframe boundaries is applied in the UE to determine the CQI. 
Proposal 3: No test cases for PMI reporting should be defined in Rel-10 for eICIC.
Proposal 4: The existing CQI tests in Rel-8/9 in AWGN conditions to verify the resulting BLER should not be adopted to eICIC.
Proposal 5: A RI reporting test should be defined applying TM3 for CSI1 measurements in clean subframes in case that a TM3 demodulation test case is introduced.  
Proposal 6: The reporting periodicity for CSI1 measurements done in clean subframes should be set to 8 ms for FDD and 10 ms for TDD.

Based on these proposals, the following four test cases for CSI reporting accuracy are proposed. The details of the test setup are provided in section 3 of this document.

	CSI Reporting Test
	Purpose

	Test 1 (Proposal 7)
	Verification of no improper averaging across subframe boundaries

	Test 2 (Proposal 8)
	Verification of frequency-selective scheduling with preferred subbands and increased reporting delay in clean subframes 

	Test 3 (Proposal 9)
	Verification of frequency-selective scheduling under frequency-selective interference in unclean subframes 

	Test 4 (Proposal 10)
	Verification of RI reporting for TM3 in clean subframes 


It is suggested that these proposals are taken into account for the definition of the eICIC CSI reporting test cases.
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