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1. Introduction

In RAN4 #62 meeting, the CQI definition test and RI test were extensively discussed. However, some issues such as test pattern, interference model, antenna configuration and test metrics are still open. In this contribution, we will further study these open issues and provide our opinions on these tests.
2. CQI definition test
In ARN4 #62 meeting, some agreements are achieved for eICIC CQI definition test in [1], which is summarized below:

· Need more study on how to test the CQI in the next meetings.

· The test should be receiver agnostic;

· Provide the simulation results based on the baseline receiver;

· Also consider TM2 for defining the CQI definition test.

· Study the test firstly for non-MBSFN ABS;

· Test metrics:

· Use the test metric that the reported CQI shall be in the range of [+/- 1] of the median CQI more than [90%] times for both ABS and non-ABS;

· The BLER criterion for non-ABS is FFS;

· BLER criterion for ABS is FFS;

· The test metric of CQI difference between ABS and non-ABS subframes is FFS.

Based on the agreed way forward, some questions should be answered before designing the tests:

· Should the CQI definition requirement be forward compatible? And the related questions is what types of receivers should be taken into account.
So far Rel-9/10 UE should fulfil the requirements of Rel-8. Accordingly the Rel-11 UE should fulfil the Rel-10 requirements. If the CRS-cancelling or puncturing receiver was not taken into account, then RAN4 would define some requirements, e.g., BLER criterion on ABS with two Noc level interference model. The advanced receiver would be penalized and even could not pass the Rel-10 test. 
In order to avoid such kind of situation, we suggest considering the IC-receiver even if it was not within the scope of Rel-10 when discussing the CSI requirements. Except for IC-receiver, we also take MMSE and MMSE-IRC receivers into account because they could perform differently in eICIC scenarios.
· How can we cope with CQI mismatch both on ABS and non-ABS?

The mismatch between the actual CQI and reported CQI is a big challenge in Rel-10. 
On non-ABS, if the receiver vector from Pico to UE is [1,1]T and that from Macro to UE is the same, the dominant interferences at two Rx are fully correlated. The Rel-8 MMSE receiver, who conducts the noise estimations separately at two Rx-s and combine them assuming that they are statistically independent, will underestimate the interference. On the contrary, if the receiver vector from Pico to UE is unchanged and that from Macro to UE is [1,-1]T, then the dominant interferer will counteract each other after MRC. But the Rel-8 MMSE would overestimate the interference. If we change the receiver type to MMSE-IRC or just only assume that MMSE UE can estimate the interference after combination or equalization, the mismatch will be mitigated. The similar situation will happen to TM2 2x2 configurations. Therefore it would be difficult to design a receiver-agnostic CQI BLER requirement on non-ABS if we use the realistic dominant interferer model.
On ABS, if BLER criterion was used, two Noc level interference model will punish the IC-receiver in the future, while one Noc level interference model will challenge the baseline receiver due to the lack of the counteract between the CQI mismatch and the uncancelled CRS-s from Macro.
So the BLER criterion has to be relaxed, e.g., median CQI ±x (x ≥1), or even removed on non-ABS or/and ABS. And the other solution would be to avoid the large CQI mismatch.
· What is the test purpose that is feasible for test during Rel-10?

If we do not have the agreed reference receiver for Rel-10 eICIC, BLER criterion seems unfeasible from the perspective of the receiver-agnostic. The CQI mismatch will happen no matter what kind of receiver is used. In practice the OLLA will adjust the reported CQI. And the accuracy of CQI reporting could be guaranteed by Rel-8/9 CSI requirements. From that point of view, it seems reasonable not to verify the accuracy or performance of CQI reporting under eICIC scenario, but merely to verify whether the improper interference averaging is conducted across the different CSI subframe sets.
With these considerations, some open issues are discussed in the following subsections in details.
2.1 Test pattern

In [2], ABS pattern in macro cell had been defined as [10101010], considering protecting SIB-1 on subframe #5 of even number of frames, we propose to use [01010101] instead of [10101010] since it doesn’t need additional ABS to protect SIB-1. Since subframe #0 and subframe #5 usually don’t allocated to avoid PBCH and synchronization signal overhead, proposed test patterns are presented below.
Proposal 1: Test patterns are proposed below:
FDD:
· ABS pattern in interfering cell [01010101, 01010101, 01010101, 01010101, 01010101]
· Pattern for CSI1 measurements (P_CSI1):  [01010101, 01010101, 01010101, 01010101, 01010101]
· Pattern for CSI2 measurements(P_CSI2): [10101010, 10101010, 10101010, 10101010, 10101010] 

· Scheduled pattern for CSI1 (P_S1) [01010001, 01010100, 01010101, 00010101, 01000101]
· Scheduled pattern for CSI2 (P_S2) [00101010, 10001010, 10100010, 10101000, 10101010] 
TDD (if uplink-downlink configuration is set as 1):
· ABS pattern in interfering cell [0100010001, 0100010001]
· Pattern for CSI1 measurements (P_CSI1):  [0100010001, 0100010001]
· Pattern for CSI2 measurements(P_CSI2): [1000101000, 1000101000] 

· Scheduled pattern for CSI1 (P_S1) [0100000001, 0100000001]
· Scheduled pattern for CSI2 (P_S2) [0000101000, 0000101000] 
2.2 Interference models in ABS
In RAN4 #62 meeting, two interference models(two Noc levels and single Noc level) were discussed, which are repeated below:

· Option 1: two levels with Ei_dom/Noc1=[10] dB and Ei_dom/Noc2=[6] dB. 

· Option 2: single level with Ei_dom/Noc = [6, 8, 10] dB. 
For opinion 1, there are two factors impact the accuracy of reported CQI in ABS. One factor is pessimistic factor, which means the noise floor on CRS OFDM symbols is larger than that of other OFDM symbols. This factor would make reported CQI be pessimistic. Another factor is optimistic factor which comes from interference from interfering macro’s CRSs, this factor would result in the decrease of demodulation performance. For opinion 2, there is only optimistic factor impacting the accuracy of reported CQI. In the following discussion, we will analyze these two opinions for different types of receiver.
· For MMSE baseline receiver, the two factors mentioned above could be counteracted with each other and CQI mismatch may be reduced to some extents. Detailed analysis has been discussed in [3]. In this contribution, we provide the corresponding statistics in ABS with one Noc level, which is depicted in Table 1. Simulation results show that with one Noc level, receiver can’t pass the Rel-8/Rel-9’s requirement in some test points. Therefore, opinion 2 is not fit for MMSE baseline receiver.
· For MMSE-IRC receiver, the same conclusion can be achieved because CRS interference from macro cell can’t be eliminated if a-prior knowledge of macro cell can’t be obtained at receiver. Therefore, opinion 2 is not fit for MMSE-IRC receiver.
· For advanced receiver, such as CRS cancelling receiver and CRS puncturing receiver which may be introduced in Rel-11, opinion 1 may cause serious CQI mismatch if CRS interference can be cancelled completely. Therefore, opinion 2 is not fit for advanced receiver.

Table 1 CQI definition test for ABS with one Noc level (Es/Noc2 = 6dB)
	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	7
	6(0.4%) 7(99.6%)
	0.999
	1
	0.041
	Pass

	3
	8
	7(0.2%) 8(99.8%)
	0.999
	1
	0
	Pass

	5
	9
	8(0.4%) 9(99.6%)
	0.999
	1
	0.059
	Pass

	7
	10
	9(0.2%) 10(99.8%)
	0.999
	1
	0.203
	Fail

	9
	11
	11(100%)
	0.999
	1
	0
	Pass

	11
	12
	12(100%)
	0.999
	1
	0.55
	Fail

	13
	13
	13(100%)
	0.999
	1
	0.999
	Fail

	15
	14
	13(0.4%) 14(99.6%)
	0.999
	1
	0.952
	Fail


Observation: In ABS, neither of two options can meet the request of receiver agnostic. Considering that the advanced receiver is not introduced in Rel-10 and to maintain the consistency with the demodulation tests, we prefer to opinion 1.
In order not to penalize advanced receivers, BLER criterion for ABS could be relaxed or even cancelled in the test metrics. We provide two proposals for BLER criterions in ABS:

· Reporting BLER using median CQI in ABS, if the BLER using median CQI is less than or equal to 0.1, the BLER using median CQI + x shall be greater than 0.1. If the PDSCH BLER using the median CQI is greater than 0.1, the BLER using median CQI – x shall be less than or equal to 0.1. Here x can be larger than 1.
· Deleting BLER criterions in ABS.
Proposal 2: Interference model with two Noc levels seems more applicable than that with one Noc level.

Proposal 3: BLER criterion for ABS could be relaxed or even precluded in the test metrics.
2.3 Antenna configuration and propagation condition
The CQI mismatch on non-ABS subframe with TM1 AWGN channel had been discussed in [3], the main reason which results in serious CQI mismatch is that the 1x2 AWGN channel makes interference fully correlated across two Rx antennas. Corresponding statistic defined in [2] are shown in Table 2 and Table 3. 
Table 2 CQI definition test in ABS with two Noc levels for TM1 (Es/Noc1 = 10dB, Es/Noc2 = 6dB)
	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	7
	7(100%)
	0.648
	1
	0
	Pass

	3
	8
	8(100%)
	0.997
	1
	0
	Pass

	5
	9
	9(100%)
	0.997
	1
	0
	Pass

	7
	10
	10(100%)
	0.001
	1
	0
	Pass

	9
	11
	11(100%)
	0.999
	1
	0
	Pass

	11
	12
	12(100%)
	0.999
	1
	0
	Pass

	13
	13
	13(100%)
	0.999
	1
	0
	Pass

	15
	14
	14(100%)
	0.998
	1
	0
	Pass


Table 3 CQI definition test in non-ABS with two Noc levels for TM1 (Es/Noc1 = 10dB, Es/Noc2 = 6dB, Es/Noc3 = 2.8dB)
	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	3
	3(100%)
	1
	1
	0.149
	Fail

	3
	4
	4(100%)
	1
	1
	0.219
	Fail

	5
	5
	4(0.2%) 5(99.8%)
	1
	1
	0.586
	Fail

	7
	6
	5(0.2%) 6(99.8%)
	0.998
	1
	0.048
	Pass

	9
	7
	7(100%)
	0.998
	1
	0.029
	Pass

	11
	8
	8(99.8%) 9(0.2%)
	0.998
	1
	0.016
	Pass

	13
	9
	9(99.8%) 10(0.2%)
	0.998
	1
	0.001
	Pass

	15
	10
	10(99.8%) 11(0.2%)
	0.997
	1
	0.962
	Fail


From above simulation results, we observe that some test points can’t pass Rel-8/Rel-9’s requirement in non-ABS subframes. Therefore, to select an appropriate antenna configuration and propagation condition, two principles need to be considered:

· Avoiding serious CQI mismatch in non-ABS.
· Not to punish any types of receiver.
To solve these problems, we provide two solutions:

Solution 1: 

One possible solution is using 1x2 and AWGN as pico cell’s antenna configuration and propagation condition, but the interference signals are independently added on two received antennas instead of being transmitted from macro cell. It seems like a Rel-8/Rel-9 test because two independent interference signals on received antennas can be considered as AWGN noise. We can use an effective noise floor Ñoc3 to denote Noc3 plus interference power Es,i: with Noc3/Noc2 = 3.2 dB and Es,i /Noc2 = 6 dB, Ñoc3 should be Ñoc3 =Noc3+ Es,i = 6.09 ( Noc2, therefore, Ñoc3 /Noc2 = 7.85 dB.
The advantages of this solution are not only avoiding the CQI mismatch in non-ABS subframe, but also not to publish any kinds of receivers. Although it is not the practical eICIC scenario, the solution can meet the test requirement and adapt to all kinds of receivers. Corresponding statistic are shown in Table 4.
Table 4 CQI definition test in non-ABS with solution 1 (Es/Noc1 = 10dB, Es/Noc2 = 6dB, Es/Noc3 = 2.8dB)
	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	3
	3(100%)
	0.039
	1
	0
	Pass

	3
	4
	4(100%)
	0.131
	1
	0
	Pass

	5
	5
	4(0.2%) 5(99.8%)
	0
	1
	0
	Pass

	7
	6
	5(0.2%) 6(99.8%)
	0.001
	1
	0
	Pass

	9
	7
	7(100%)
	0
	1
	0
	Pass

	11
	8
	8(99.8%) 9(0.2%)
	0
	1
	0
	Pass

	13
	9
	9(99.8%) 10(0.2%)
	0.471
	1
	0
	Pass

	15
	10
	10(99.8%) 11(0.2%)
	0
	1
	0
	Pass


Solution 2:
Another solution mentioned in [3] is to use TM2 static channel instead of TM1 AWGN channel to perform CQI definition test. However, if receiver is agnostic, there would results in different performance between baseline receiver and advanced receiver. In order to make CQI definition test apply for all possible receivers, one potential method is to make the interference from macro cell become AWGN interference, i.e., coloured interference should be avoided in non-ABS subframes. Thus, there would no performance difference between MMSE receiver and MMSE-IRC receiver. As for CRS cancelling receiver and CRS puncturing receiver, there would not cause serious CQI mismatch since more than 90% data REs experience the same SINR.
Therefore, the propagation conditions for both pico cell and macro cell are proposed below: 
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It is proposed to transmit independent OCNG on macro cell’s antenna because the interference on two received antennas should be independent and AWGN. 
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Figure 1 CDF of OLLA factor for non-ABS with static channel(pico) and AWGN channel(macro)
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Figure 2 CDF of OLLA factor for ABS with static channel(pico) and AWGN channel(macro)
Observation: In Figure 1, medium OLLA factor values are located within the range of [-0.3, 0]dB, which means there is no CQI mismatch in non-ABS subframe. In Figure 2, we can observe that the values of medium OLLA factors are uncertain, which means that there exists the different CQI mismatch in different SNR points. Moreover, considering different receivers, the evaluation of CQI mismatch would be complicated. 
Table 5 shows medium CQI and CQI difference for ABS and non-ABS subframes, it is clear that CQI differences between ABS and non-ABS subframes are obvious even with MMSE-IRC receivers. Detailed statistics are depicted in Table 6 and Table 7.

Table 5 median CQI and CQI difference for ABS and non-ABS 
	SNR(ES/Noc2, unit: dB)
	Median CQI in ABS
	Median CQI in non-ABS with Rel-8/Rel-9 baseline receiver
	Median CQI in non-ABS with MMSE-IRC receiver
	CQI difference

	1
	7
	4
	4
	3

	3
	8
	5
	5
	3

	5
	9
	6
	6
	3

	7
	10
	7
	7
	3

	9
	11
	8
	8
	3

	11
	12
	9
	9
	3

	13
	13
	10
	10
	3

	15
	14
	11
	11
	3


Table 6 CQI definition test for non-ABS with two Noc levels for TM2 (Es/Noc1 = 10dB, Es/Noc2 = 6dB, Es/Noc3 = 2.8dB)

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	4
	4(99.17%) 5(0.83%)
	0.986
	1
	0
	Pass

	3
	5
	5(99.97%) 6(0.03%)
	0.932
	1
	0
	Pass

	5
	6
	6(99.57%) 7(0.43%)
	0.964
	1
	0
	Pass

	7
	7
	7(99.33%) 8(0.67%)
	0.951
	1
	0
	Pass

	9
	8
	8(97.23%) 9(2.77%)
	0.790
	1
	0
	Pass

	11
	9
	9(95.9%) 10(4.1%)
	0.234
	1
	0
	Pass

	13
	10
	10(95.77%) 11(4.23%)
	0.57
	1
	0
	Pass

	15
	11
	11(89.27%) 12(10.73%)
	0.587
	1
	0
	Pass


Table 7 CQI definition test for ABS with two Noc levels for TM2 (Es/Noc1 = 10dB, Es/Noc2 = 6dB, Es/Noc3 = 2.8dB)

	SNR(Es/Noc2)
	Median CQI
	Percentage of reported CQI
	BLER using median CQI
	BLER using median CQI+1
	BLER using median CQI-1
	Rel 8/9 requirement

	1
	7
	7(98.33%) 8(1.67%)
	0
	1
	0
	Pass

	3
	8
	8(92.67%) (7.33%)
	0
	1
	0
	Pass

	5
	9
	9(89.67%) 10(10.33%)
	0
	1
	0
	Pass

	7
	10
	10(89.7%) 11(10.3%)
	0
	1
	0
	Pass

	9
	11
	11(79.63%) 12(23.07%)
	0
	1
	0
	Pass

	11
	12
	12(82.47%) 13(17.53%)
	0
	1
	0
	Pass

	13
	13
	13(85.07%) 14(14.93%)
	0.146
	1
	0
	Pass

	15
	14
	14(97.83%) 15(2.17%)
	0.559
	1
	0
	Pass


Proposal 4: There are two solutions for the antenna configuration and propagation condition:

· TM1: The pico cell’s propagation condition is 1x2 AWGN. On ABS, Pico will transmit the CRS. On non-ABS, Pico does not transmit the data, while the statistically independent interferences are directly added to the receiver connectors.
· TM2: Both pico cell and marco cell’s antenna configuration are 2x2. Pico cell and macro cell’s propagation conditions are
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repectively. Two independent streams are transmitted from macro cell.

2.4 Test metrics
In CQI definition test, considering the main purpose is to verify whether or not UE apply error averaging behaviour across subframes of different interference levels, it is necessary to define CQI difference between ABS and non-ABS subframes. As for BLER criterions, considering non-ABS subframes could be receiver agnostic, it is necessary to define the same BLER criterion as Rel-8/rel-9 did for non-ABS. For ABS, the BLER criterions may be loosen or even deleted. Therefore, proposed test metrics are listed below:
· Use the test metric that the reported CQI shall be in the range of [+/- 1] of the median CQI more than 90% times for both ABS and non-ABS.
· The BLER criterions for non-ABS are necessary; and the BLER criterions for ABS are TBD.
· CQI difference between ABS and non-ABS subframes is necessary.
Proposal 5: The CQI distribution, BLER criterions for non-ABS and CQI difference could be defined as the test metrics.
3. RI test
Considering TM3 has been introduced in ABS in demodulation test, RI test in ABS may be considered. We suggest reusing the Rel-8/Rel-9 evaluation methodology and test metric to evaluate the accuracy of reported RI under eICIC scenario. To select the appropriate serving SNR, reference [3] had provided OLLA factor for 2x2 low correlation and high correlation. Proposed simulation assumptions for RI test are summarized below:

Table 3 simulation assumptions for RI test

	Parameter
	　Value

	System bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Transmission mode
	2

	Number of OFDM symbols for PDCCH
	3 symbols per subframe

	Antenna configuration
	2x2 

	Propagation channel
	Test 1: EPA5, low correlation for both operating cell and interfering cell;

Test 2: EPA5, low correlation for both operating cell and interfering cell;

Test 3: EPA5, high correlation for both operating cell and interfering cell.

	Serving cell SNR (Es/Noc2)
	0dB for Test 1; 

20dB for Test 2 and Test 3

	Feedback mode
	PUSCH 3-0

	Reporting periodicity
	NP = 8

	EVM error 
	6%

	ABS pattern in interfering cell
	[11000100, 11000000, 11000000, 11000000, 11000000]

	Scheduled Pattern for CSI1 measurements(ABS)
	[01000000, 11000000, 11000000, 10000000, 11000000]

	Interference model
	Es/Noc1=10 dB, Es/Noc2=6 dB

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

	Test metric
	As in section 9.5 of TS 36.101


Proposal 6: RI test in ABS may be considered, reusing the same methodology and test metric as Rel-8/Rel-9 to define RI test.
4. Proposals
In this contribution, CQI definition test and RI test are discussed, proposed proposals are summarized below:
Proposal 1: Test patterns are proposed below:

FDD:
· ABS pattern in interfering cell [01010101, 01010101, 01010101, 01010101, 01010101]
· Pattern for CSI1 measurements (P_CSI1):  [01010101, 01010101, 01010101, 01010101, 01010101]
· Pattern for CSI2 measurements(P_CSI2): [10101010, 10101010, 10101010, 10101010, 10101010] 

· Scheduled pattern for CSI1 (P_S1) [01010001, 01010100, 01010101, 00010101, 01000101]
· Scheduled pattern for CSI2 (P_S2) [00101010, 10001010, 10100010, 10101000, 10101010] 
TDD (if uplink-downlink configuration is set as 1):

· ABS pattern in interfering cell [0100010001, 0100010001]
· Pattern for CSI1 measurements (P_CSI1):  [0100010001, 0100010001]
· Pattern for CSI2 measurements(P_CSI2): [1000101000, 1000101000] 

· Scheduled pattern for CSI1 (P_S1) [0100000001, 0100000001]
· Scheduled pattern for CSI2 (P_S2) [0000101000, 0000101000] 
Proposal 2: Interference model with two Noc levels seems more applicable than that with one Noc level.
Proposal 3: BLER criterion for ABS could be relaxed or even precluded in the test metrics.
Proposal 4: There are two solutions for the antenna configuration and propagation condition:
· TM1: The pico cell’s propagation condition is 1x2 AWGN. On ABS, Pico will transmit the CRS. On non-ABS, Pico does not transmit the data, while the statistically independent interferences are directly added to the receiver connectors.

· TM2: Both pico cell and marco cell’s antenna configuration are 2x2. Pico cell and macro cell’s propagation conditions are
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repectively. Two independent streams are transmitted from macro cell.
Proposal 5: CQI distribution, BLER criterions for non-ABS and CQI difference could be defined as the test metrics.

Proposal 6: RI test in ABS may be considered, reusing the same methodology and test metric as Rel-8/Rel-9 to define RI test.
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