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1 Introduction

In RAN4 meeting #66, a way forward on FeICIC CSI tests was reached as follows.
· FeICIC CSI test cases: 

· CQI reporting under AWGN (PUCCH 1-0), non-MBSFN, FDD and TDD

· Test metrics FFS

· CQI under fading conditions (PUSCH 3-0), non-MBSFN, FDD and TDD

· Test metrics FFS

· RI, non-MBSFN, FDD and TDD

· Test metrics FFS.

In this contribution, we will discuss the test purpose and requirements of CSI test cases, including CQI definition, CQI fading, RI testing.
2 Discussion
2.1 Purpose and general requirements of CSI test cases
In eICIC CSI test, because UE does not suppress the CRS interference, there exits a mismatch between the reported CSI and the actual demodulation performance in ABS. So the relative loose CSI requirements are defined. 
For eICIC CQI definition test, the following test metrics are defined:

· The reported CQI values for both ABS and non-ABS subframes should be in the range of ±1 of the reported median more than 90%;
· The BLER criterion in non-ABS subframes (no BLER criterion on ABS);
· The different between median CQI reported obtained in set CCSI,0 and that in CCSI,1 is in the range of [2, 5];
· Test 2 with extremely low interference levels is introduced in addition to Test 1 in order to avoid UE cheating.

For RI test, only 1 on low correlation tests, i.e., Test-1 and Test-2 are defined, but Test-3 (which is defined in Rel-8 to avoid UE only using SNR for RI measurement) is not defined.
Similar to eICIC, we think that the test purpose for FeICIC should be
· Verify the reported CSI accuracy with CRS-IC. The tests should cover both restrict subframe sets.
· Verify whether UE can report CSI in two CSI restrict subframe sets.
· Verify the performance for both periodic CQI and aperiodic CQI (which was already agreed).
Because the CRS interference can be cancelled, the CSI mismatch can be efficiently mitigated. So it’s possible to define more stringent CSI requirements than those in eICIC, e.g., applying BLER criterion in ABS for CQI definition test and Test-3 for RI test. 
2.2 CQI definition test
There are two sets of interference levels for FeICIC. The first one are D1/Noc1 = 12dB and D2/Noc1 = 10dB. The second one are D1/Noc1 = 5dB and D2/Noc1 = 3dB. For the first the operating serving cell SNR is approximately from 6dB to 8dB. For the second the serving cell SNR is approximately from -2dB to 1dB.
The simulation assumptions are given in Table 1. We provide the BLER performance in ABS with varying SNR-s in Table 2 and Table 3. It is observed that there are two SNR points fail the BLER test when D1/Noc1 = 5dB and D2/Noc1 = 3dB. The reason is that we assume worse case with -3.0μs for 1st aggressor cell and +3.0μs for 2nd aggressor cell. As shown in other paper [2], the minus time offset together with single FFT would raise the noise floor on CRS OFDM symbols, which results in the overestimation of interference level and underestimation of CQI. So we should be careful to have minus time offset for the first aggressor cell in CQI definition test. All the SNR points when D1/Noc1 = 12dB and D2/Noc1 = 10dB can pass the test. So the performance under D1/Noc1 = 12dB and D2/Noc1 = 10dB is more robust for ABS BLER test.
Table 1: Simulation assumptions for CQI test
	Parameters
	Value

	Duplex mode
	FDD

	System bandwidth
	10MHz

	Power allocation
	No downlink power boosting

	Transmission mode and MCS
	PDSCH TM2 link adaptive, two PDCCH symbol

	CRS ports
	Two CRS ports for serving cell and aggressor cells

	Resource allocation
	50PRB

	HARQ
	Turn off

	Propagation condition
	AWGN for serving cell and aggressor cells

	Antenna configuration
	2×2 Static channel matrix for the serving cell and aggressor cells

	Interference condition
	· D1/Noc = 12dB, CRS colliding; D2/Noc = 10dB, CRS non-colliding
· D1/Noc = 5dB, CRS colliding; D2/Noc = 3dB, CRS non-colliding

	Noc 
	Single Noc level

	Time offset
	 -3.0μs for 1st aggressor cell, +3.0μs for 2nd aggressor cell

	Frequency shifts
	 +300Hz for 1st aggressor cell, -300Hz for 2nd aggressor cell

	Receiver
	· MMSE with CRS-IC

	Test metric
	BLER in ABS


Table 2: Simulation assumptions of BLER in ABS for CQI definition test (D1/Noc1 = 12dB and D2/Noc1 = 10dB)
	SNR
	median CQI BLER
	median CQI+1 BLER
	median CQI-1 BLER
	Pass or not

	8
	0
	1
	0
	yes

	9
	0.098
	1
	0
	yes

	10
	0
	1
	0
	yes

	11
	0.122
	1
	0
	yes

	12
	1
	1
	0
	yes

	13
	0.098
	1
	0
	yes

	14
	1
	1
	0
	yes

	15
	0.098
	1
	0
	yes

	16
	1
	1
	0
	yes

	17
	0.939
	1
	0
	yes


Table 3: Simulation assumptions of BLER in ABS for CQI definition test (D1/Noc1 = 5dB and D2/Noc1 = 3dB)
	SNR
	median CQI BLER
	median CQI+1 BLER
	median CQI-1 BLER
	Pass or not

	1
	0
	0.049
	0
	no

	2
	0
	1
	0
	yes

	3
	0
	0.098
	0
	no

	4
	0
	1
	0
	yes

	5
	0.073
	1
	0
	yes

	6
	0
	1
	0
	yes

	7
	0.024
	1
	0
	yes

	8
	1
	1
	0
	yes

	9
	0.024
	1
	0
	yes

	10
	1
	1
	0
	yes


However, because the larger CRE bias is used, the target SNR for serving cell UE in the CRE region is relatively low. So the SINR in non-ABS is even lower. Given D1/Noc1 = 12dB and D2/Noc1 = 10dB, the serving cell SNR of 8dB is translated into SINR of -6dB, which is almost out of range of CQI index, let along SNR less than 8dB. But the operating SNR for typical CRE UE is 6dB to 8dB according to the system simulations. Even we use D1/Noc1 = 5dB and D2/Noc1 = 3dB, the typical operating SNR from -2dB to 1dB is approximately translated into -9dB to -6dB. So for CRE UE it would be difficult to have BLER criterion in non-ABS.
One simple solution is to use the pragmatic way, where we do not strictly follow system simulation for CRE UE to decide the serving cell SNR value, but just pick up SNR-s for the test, e.g., SNR = 12dB with D1/Noc1 = 12dB and D2/Noc1 = 10dB for BLER test in both ABS and non-ABS subframes. 
The other one is to verify CQI performance only in ABS for CRE UE where SNR is in the range of 6dB to 8dB, D1/Noc1 = 12dB and D2/Noc1 = 10dB, and to have an additional test with relatively lower interference levels to verify whether UE perform CQI measurement on both restrict resource sets.
Therefore for CQI definition test, we have the two alternative proposals:
· Proposal 1: Verify the BLER criterions in both ABS (CCSI,0) and non-ABS (CCSI,1) by setting the conditions that D1/Noc1 = 12dB, D2/Noc1 = 10dB, and Es/Noc1 in the range much larger than 8dB, e.g., Es/Noc1=12dB. 
· Proposal 2: Verify the BLER criterion in ABS (CCSI,0) setting the conditions that D1/Noc1 = 12dB, D2/Noc1 = 10dB, and Es/Noc1 in the range of 6~8dB. Have the additional test to verify the BLER criterion(s) in non-ABS (CCSI,1), or both ABS (CCSI,0) and non-ABS (CCSI,1) by setting the conditions that D1/Noc1 =  5dB, D2/Noc1 = 3dB and Es/Noc1 in the range of 6~8dB.

In sum, the test metrics for FeICIC CQI definition test include:
· The reported CQI should be around the median CQI for both ABS and non-ABS subframe. (90% probability in [median_CQI-1 median_CQI+1])
· The PDSCH BLER in both ABS and normal subframe should satisfy the BLER requirement. (10% BLER)
The delta median CQI between the ABS and normal subframe are not necessary. And to simplify the test we propose to use the single Noc level.
· Proposal 3: Set the Noc1=Noc2 for FeICIC CSI tests.
2.3 CQI fading channel test
The purpose the CQI fading channel test is to ensure the CRS-IC has been correctly implemented in time-frequency-variable channel with PUSCH 3-0 mode.
The requirements of CQI fading channel test could be defined as follows:

· A sub-band differential CQI offset level of 0 shall be reported at least % of the time but less than % for each sub-band;
· The ratio of the throughput obtained when transmitting on both normal and ABS subframe on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥normal orABS;
· When transmitting on both normal and ABS subframe on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to xx for normal subframe and xx for ABS subframe. 

The final requirements are summarized in Table 4. The interference level, Es /Noc and propagation condition are needed to be further evaluated.
Table 4: Minimum requirement of FeICIC CQI fading channel test
	
	Test 1
	Test 2

	 [%]
	[TBD]
	[TBD]

	 [%]
	[TBD]
	[TBD]

	normalABS
	[TBD]
	[TBD]

	UE Category
	
	


We suggest using the test metrics in Table 4 as the starting point to study the CQI fading channel performance. And as discussed in the previous section, the SINR of CRE UE is generally low. So we suggest only consider CQI fading test in ABS.
· Proposal 4: Consider the test metrics of the two side distribution of reported CQI-s, throughout gain and BLER criterion for CQI fading channel test, and only test it in ABS.
2.4 RI test
The purpose of FeICIC RI test is to ensure the measurement of rank adaptation is implemented correctly in ABS with CRS-IC. 
Different from the eICIC RI test, the (1 and (2 are suggested to be adopted in the RI requirement:

· The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥(1;

· The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥(2;

And Test 1, Test 2 and Test 3 all should be defined to have a sanity test. The proposed requirements are summarized in Table 5.
Table 5: Minimum requirement of FeICIC RI test
	
	Test 1
	Test 2
	Test 3

	1
	[]
	TBD
	[]

	2
	TBD
	[]
	TBD

	UE Category
	2-8
	2-8
	2-8


The initial simulation results are given in Table 6.
Table 6: Simulation results for FeICIC RI test without impairment margin
	
	Test 1
	Test 2
	Test 3

	1
	1.0
	1.29
	0.99

	2
	1.26
	1.00
	1.23

	UE Category
	2-8
	2-8
	2-8


· Proposal 5: Define test 1, test 2 and test 3 for FeICIC RI test to have a sanity test.
3 Conclusion
In this paper, we discuss purpose and requirements for FeICIC CSI test and have the following proposals.
For CQI definition test, we have the two alternative proposals:

· Proposal 1: Verify the BLER criterions in both ABS (CCSI,0) and non-ABS (CCSI,1) by setting the conditions that D1/Noc1 = 12dB, D2/Noc1 = 10dB, and Es/Noc1 in the range much larger than 8dB, e.g., Es/Noc1=12dB. 

· Proposal 2: Verify the BLER criterion in ABS (CCSI,0) setting the conditions that D1/Noc1 = 12dB, D2/Noc1 = 10dB, and Es/Noc1 in the range of 6~8dB. Have the additional test to verify the BLER criterion(s) in non-ABS (CCSI,1), or both ABS (CCSI,0) and non-ABS (CCSI,1) by setting the conditions that D1/Noc1 =  5dB, D2/Noc1 = 3dB and Es/Noc1 in the range of 6~8dB.

· Proposal 3: Set the Noc1=Noc2 for FeICIC CSI tests.
· Proposal 4: Consider the test metrics of the two side distribution of reported CQI-s, throughout gain and BLER criterion for CQI fading channel test, and only test it in ABS.
· Proposal 5: Define test 1, test 2 and test 3 for FeICIC RI test to have a sanity test.
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