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1. Introduction
In RAN4 #61 first discussions on CSI reporting accuracy test cases for eICIC took place. It was agreed that the CSI reporting test cases should both capture clean (ABS) and unclean (non-ABS) subframes.

In this contribution we provide further details on CSI reporting requirements and propose test cases for ABS and non-ABS subframes.
2. Discussion
In RAN4 #61 first discussions took place on CSI reporting test cases for eICIC [1]. In [1] four CSI reporting accuracy test cases were proposed:

Table 1: Proposed CSI reporting test cases [1]
	CSI Reporting Test
	Purpose

	Test 1
	Verification of no improper averaging across subframe boundaries

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

	Test 3
	Verification of frequency-selective scheduling under frequency-selective interference in unclean subframes 

	Test 4
	Verification of RI reporting for TM3 in clean subframes 


In the discussion in RAN4 #61 it was agreed 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.

Discussion points left open for RAN4 #62 include:
· Is a RI reporting test needed (test 4)? Should a PMI test introduced as well?
· Are test 2 and test 3 needed?

· Shall a BLER requirement be introduced in test 1 or not?

In the following we share our views about these questions and provide detailed test descriptions in the next section.

In [2] it is shown that a significant number of UEs can benefit from rank-2 operation in TM3 in eICIC if those UEs are scheduled in ABS subframes. We believe that a TM3 demodulation test case for eICIC should be introduced in Rel-10 to allow full exploitation of the eICIC gains. 
Since TM3 allows both rank-1 as well as rank-2 transmission, it is important to provide sufficiently accurate RI reports to the base station. Since the gains by TM3 are available if the UEs are scheduled in clean subframes, it is sufficient to define a RI reporting test case for ABS subframes.

Proposal 1: A RI reporting test case should be defined applying TM3 for CSI measurements in clean subframes.    
One of the open issues in the last RAN4 meeting was whether also a PMI reporting test case should be introduced. Such a test would be needed if TM4 is used instead of TM3 in eICIC. We believe that it is not necessary in Rel-10 time frame to consider TM4 for eICIC since this transmission mode does not provide much gains over TM3 for rank-2 with two Tx antennas only. Due to the short amount of time left over for finalizing the CSI reporting test cases for eICIC we propose not to introduce a PMI test case in Rel-10 time frame for eICIC.
Proposal 2: No test cases for PMI reporting should be defined in Rel-10 for eICIC.

The aim of test cases 2 and 3 as proposed in [1] is to verify that frequency-selective scheduling in clean and unclean subframes is still possible with an increase in CSI reporting periodicity. Since the ABS patterns in FDD and TDD have a 8ms and 10ms periodicity, respectively, it seems reasonable to assume that the CSI reporting periodicity in eICIC is 10ms instead of 5ms as in Rel-10. This increased reporting periodicity may cause a performance loss since updates of CSI reports are less frequently available in the scheduler. However, since it is most likely that eICIC is configured for static or slowly moving UEs, the impact of increased reporting periodicity should be less severe. Therefore test cases 2 and 3 are not seen as absolutely necessary for Rel-10. For the sake of limiting the number of test cases in eICIC in Rel-10, it is proposed not to introduce test cases 2 and 3 in Rel-10. 
Proposal 3: Only test cases for CQI reporting in AWGN and RI reporting should be defined in Rel-10.
3. Test Cases for CSI reporting in eICIC

3.1. CQI Reporting in AWGN

In our view the purposes of a static eICIC CQI test are
· To verify that the UE does not apply averaging across subframes of different interference levels.
· To ensure that the UE reports a reliable CQI for both ABS and non-ABS subframes that reflects the different channel qualities in both subframes.
Appropriate metrics that can be used to verify these purposes are the BLER of the median CQI ( 1 in clean and unclean subframes and the difference (CQI in reported median CQI for these two sets of subframes. 
In [4], however, it has been shown for the agreed eICIC interference model with two noise levels that the BLER of the median CQI ( 1 does not obey the BLER test criterion that is used in Rel-8/9. This is because the CQI is underestimated due to the difference in Noc2 and Noc1. 
It was further shown in [4] that the (CQI between ABS and non-ABS subframes depends on the receiver type being applied. While a large (CQI can be expected for a receiver without interference suppression capabilities that does not average across subframes of different interference levels, an advanced receiver would reduce the (CQI for the same interference conditions again by suppressing/canceling inter cell interference in non-ABS subframes. 
The problem of underestimating the CQI could be solved by using a interference model consisting of one noise level only. Such a model would then cause an overestimation of the CQI in the test case due to neglecting non-colliding CRS interference of the interfering cell. However, this overestimation is not very significant as the results in [4] show. The BLER criterion of the median CQI ( 1 is still fulfilled. 
Hence, although the interference model consisting of one noise source only does not reflect a typical network, this interference model seems suitable to test whether CQI for ABS and non-ABS subframes are reported that represent the existing channel conditions. Therefore we propose to use the interference model with one noise source in the CQI test for AWGN. As it has been shown in [4], the BLER criterion of the median CQI ( 1 can be used for this model both in clean and unclean subframes. Also the criterion that 90% of the CQI reports shall be in the range of ( 1 around the median CQI can be reused for clean and unclean subframes as shown in [4].
Proposal 4: It is proposed to apply the interference model with one noise source in the static CQI test. The existing BLER criterion and the existing 90% reporting criterion can be reused.
In addition to these metrics we think the (CQI between ABS and non-ABS subframes should be evaluated as well as a metric. Since we expect that the gains of advanced receivers like MMSE is smaller for full-rank signals we propose to use TM2 in the test case instead of TM1 to simplify the finding of a suitable (CQI.
Proposal 5: It is proposed to use (CQI between ABS and non-ABS subframes as additional metric together with TM2.

If (CQI shall be used as a metric in a static CQI test it is also important to specify the phase difference between the channels of the serving cell and the interfering cell. The static channels of the serving cell HS and of the interfering cell HI should not be orthogonal in any subframe, i.e. it should hold (HS)H(HI ( 0. Otherwise a simple matched filter would already eliminate all the inter cell interference in non-ABS subframes and no large (CQI can be expected. Similar to the static eDL MIMO CSI test, it is necessary to control the phase difference at the UE Rx paths between the channel matrices of the serving and interfering cell and keep the phase difference constant of the duration of the test [5]. 
More details of the proposed test case are provided in the appendix in Table 2. 
3.2. Reporting of Rank Indicator (RI) for TM3
The purpose of this test is to verify that the reported rank indicator accurately represents the channel rank. The main difference to the existing RI tests in TS 36.101 is that the test should now cover TM3 instead of TM4/TM9. In addition, since the rank is reported in ABS subframes, only a restricted observation period is available for doing the measurement. 
Based on the results provided in [2] it is seen that TM3 provides gains over TM2 for relatively large serving cell SNR values due to rank-2 transmission. Therefore it is proposed to focus in the definition of the test case on reliable reporting of rank-2 in large SNR conditions. Defining a test case in low SNR conditions does not seem necessary given the relevant interference scenarios for TM3 in eICIC. For the definition of the TM3 RI reporting test case, it is proposed to follow the existing RI test case for TM4 as close as possible. The same reporting metric used for TM4 in Rel-8/9 for high SNR with low correlation is proposed for TM3.
Proposal 6: A RI reporting test case should be defined for large SNR values applying low antenna correlation and comparing throughput of follow RI to throughput of RI = 1. 
The interference model should follow the same principles as agreed in RAN4 #61. The interference values for the TM3 RI reporting test case should be in line with the interference model proposed for the TM3 demodulation test case in [2].

Proposal 7: The interference model with two noise sources should be used in the RI reporting test. The dominant macro cell SNR levels should be set to ES/Noc1 = 5 dB and ES/Noc2 = 2 dB.

Table 3 in the appendix lists the detailed parameters for the RI reporting test case for TM3. The definition of the test case follows the existing TM4 RI reporting test case in TS 36.101. However, testing of TM3 requires some parameter changes that are specific to that transmission mode. This includes the codebook subset restriction bitmap (bitmap length is two), the PUCCH reporting mode (mode 1-0) and the PUCCH report type for CQI (type 4). In addition, the reporting periodicity has been changed from 5ms to 10ms to better reflect the periodicity of the ABS pattern for FDD (8ms) and TDD (10ms). Changing the reporting periodicity requires also to change the CQI/PMI configuration index. 
The described changes are indicated in yellow in the table in the appendix for FDD. Similar changes can be applied for TDD as well.
4. Conclusion 
In this contribution we provided further thoughts on CSI reporting test cases for eICIC. In general we propose:
Proposal 1: A RI reporting test case should be defined applying TM3 for CSI measurements in clean subframes.     
Proposal 2: No test cases for PMI reporting should be defined in Rel-10 for eICIC.

Proposal 3: Only test cases for CQI reporting in AWGN and RI reporting should be defined in Rel-10.
For the static CQI reporting test case we propose in detail:
Proposal 4: It is proposed to apply the interference model with one noise source in the static CQI test. The Rel-8 BLER criterion and the Rel-8 90% reporting criterion can be reused.
Proposal 5: It is proposed to use (CQI between ABS and non-ABS subframes as additional metric together with TM2.

For the RI reporting test case we propose in detail:
Proposal 6: A RI reporting test case should be defined for large SNR values applying low antenna correlation and comparing throughput of follow RI to throughput of RI = 1. 

Proposal 7: The interference model with two noise sources should be used in the RI reporting test. The dominant macro cell SNR levels should be set to ES/Noc1 = 5 dB and ES/Noc2 = 2 dB.

Further details for both CSI reporting test cases are provided in the appendix.
These proposals should be taken into account in the definition of the CSI reporting test cases for eICIC.
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5. Appendix A: Parameters for CQI Test Case in AWGN
Table 2: Parameters for CQI Reporting in AWGN (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	2

	Downlink power allocation
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	dB
	-3

	Propagation condition and antenna configuration
	
	AWGN (2 x 2)

	SNR (Note 2)
	dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	[-109]
	[-109]

	Interfering Cell 
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	dB
	10
	10

	RLM/RRM measurement subframe pattern (serving cell)
	
	[10101010]

	CSI Subframe Sets (serving cell)
	CCSI,0
	
	[10101010]

	
	CCSI,1
	
	[01010101]

	ABS pattern (interfering cell)
	
	[10101010]

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH Format 2

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	Npd = 10

	cqi-pmi-ConfigurationIndex
	
	7

	Note 1:
Reference measurement channel according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 2:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.


6. Appendix B: Parameters for RI Test Case
Table 3: Parameters for TM3 RI Reporting (FDD)
	Parameter
	Unit
	Test

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	3

	Downlink power allocation
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	dB
	-3

	Propagation condition and antenna configuration
	
	2 x 2 EPA5 in serving and interfering cell

	Antenna correlation
	
	Low

	CodeBookSubsetRestriction bitmap
	
	01 for fixed RI = 1

11 for UE reported RI

	RI configuration
	
	Fixed RI=1 and follow RI

	SNR
	dB
	TBD
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	[-106]
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	dB[mW/15kHz]
	TBD

	RLM/RRM measurement subframe pattern (serving cell)
	
	[11000000]

	CSI Subframe Sets (serving cell)
	CCSI,0
	
	[11000000]

	
	CCSI,1
	
	[00001100]

	ABS pattern (interfering cell)
	
	[11000000]

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-0 (Note 4)

	Physical channel for CQI reporting
	
	 PUCCH Format 2

	PUCCH Report Type for wideband CQI
	
	4

	Physical channel for RI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd= 10

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	7

	ri-ConfigurationIndex
	
	1 (Note 4)

	Note 1: If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI and CQI estimation at a downlink subframe not later than SF#(n-4), this reported PMI and wideband CQI cannot be applied at the eNB downlink before SF#(n+4).
Note 2: Reference measurement channel according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 3:
To avoid collisions between RI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#4 and #9 to allow periodic RI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#8 and #3.
Note 4:
To avoid the ambiguity of TE behaviour when applying CQI and PMI during rank switching, RI reports are to be applied at the TE with one subframe delay in addition to Note 1 to align with CQI and PMI reports.
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