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1 Introduction

CQI testing is defined in order that the network scheduler can assume a similar behavior across the UE population when applying adaptive modulation and coding. Without tested consistent CSI reporting behavior, a scheduler is unable to efficiently select modulation and coding formats and maximize link efficiency.

In order to operate with good link efficiency, it is important that the reported CQI values represent consistent and predictable link performance estimates. For this reason, CQI tests are defined using a BLER criterion. If the UE is not able to predict the BLER at which it’s suggested CQI will operate (or determine which CQI can be determined to operate at a specific BLER level), then the CQI reports are not reliable estimates of link performance and are useless for scheduling.
Traditionally in LTE, it can be assumed that the level of interference experienced on the CRS will be the same as that of interference experienced on the PDSCH. Furthermore, it can be expected that the statistical properties of the interference on CRS and PDSCH are similar. Therefore, SINR estimates made on CRS are representative of the SINR achievable for data, and the benefits of more advanced receiver types such as IRC can be predicted reliably.

For ABS subframes, the situation is different. Assuming no CRS collision, then the interference experienced on the CRS does not include interference from the dominant macro. However the macro will still transmit CRS, and possibly SIB, PBCH, paging etc. during the PDSCH part of the subframe. The mismatch between the interference experienced on the CRS and that within the data frame can lead to overestimation of the achievable CQI, The impact of this interference will depend on what is transmitted and on the geometry situation with respect to the macro cell. 
In addition to this, the interference level on the CRS for ABS subframes may be higher than on the REs in the PDSCH that are not subject to CRS interference. Depending on the UE geometry, this can cause CQI underestimation

Thus, for ABS subframes it is more difficult to estimate the SINR that is likely to be experienced on PDSCH and the link performance that may be expected than in non ABS subframes.
2 CQI test definition and metrics
It is important to ensure that the UE is providing CQI reports that are consistent with the link capacity and are useful to the scheduler for performing link adaptation. Two options are feasible for supporting this:

· Definition of a BLER criterion for both ABS and non ABS subframes

Simulation results presented in the last meeting [1-5] suggest that is possible to define BLER tests for both ABS and non ABS CQI reports that can be passed by the baseline receiver. To add to these, we provide in Appendix A, simulation results are provided further based on new proposed set up in the companion paper [6]. With the proposed test set up, the BLER criterion can be passed at almost all SINR levels.

Thus the best way of testing consistent UE CQI behavior is to test that the UE is able to predict a CQI that can comply with the existing BLER criterion and simulation results show that this is perfectly possible in a test setup.
· Definition of a BLER criterion in non ABS subframes only, and a CQI difference test for ABS subframes and non-ABS subframes.

The BLER test in non ABS subframes tests the ability of the UE to accurately predict its CQI. The CQI difference test establishes that the CQI in ABS subframes is within a reasonable range considering the CQI in the non ABS subframes and that the CQI estimation process is not averaging across subframes.

The CQI difference test on its own does not adequately test the ABS estimation process if it is only tested with a single interference and noise level. However the test can be improved by increasing the test coverage. In particular, the CQI difference test should be applied at a point at which the lack of macro-cell interference on the CRS will make a significant difference, and one in which the macro-cell interference is low and the difference will not be significant. 

Such testing could be easily achieved by defining tests under 2 conditions:

· Condition 1: In the subframe indicated by CSI_0, ABS subframe is configured in the macro cell. Whilst in the subframe indicated by CSI_1, non-ABS subframe is configured in the macro cell. The interference and noise level can be 
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· Condition 2: In the subframe indicated by CSI_0, ABS subframe is configured in the macro cell, In the subframe indicated by CSI_1, ABS subframe is configured in macro cell as well. 
In the first case, a CQI difference should exist. In the second case, the CQI difference should be zero. The second case resembles a situation in which ABS is activated, but on a short term basis the macro is for some reason not serving traffic. In this case, from a system performance point of view it is important for the picos to be able to efficiently utilize all types of subframes. Defining two tests in this manner does not necessitate defining any new parameter settings, since the ABS parameters from the first case can be simply re-used for non ABS in the second case. With two check points for CQI difference, it can rule out some unscrupulous UE. For these unscrupulous UEs, they may just feedback CQIs with large CQI difference to cheat and pass the test.  
The first possibility for testing CQI behavior, that is to introduce BLER tests on both ABS and non BS CQIs, is the best means of testing that CQI reports are made by the UE that are useful for the scheduler and AMC. CQI difference testing is only likely to provide an adequate test if at least a couple of test points are defined.
3 Conclusion

In order to ensure that all UEs provide accurate CSI information that enables efficient scheduling and AMC, it is important that CQI reports are able to predict BLER with some accuracy. For this reason the most relevant CQI test metric is relative BLER in both ABS and non ABS subframes. Extensive simulation results show that it is perfectly possible to meet the BLER criteria in a test setup.
If a CQI difference test metric is applied, then it must be defined at a couple of operating points in order to provide a useful test of UE CQI reporting. These points could be, for example one in which ABS subframes are defined with the parameters
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, and one in which both ABS and non ABS are defined in the same way with no PDSCH transmission.
4 Appendix A: CQI simulation results with 2x2 static channel

CQI simulation results for 2x2 static channel are given in Table 1 and Table 2 for ABS subframe and non-ABS subframe. Simulation assumption is given in Appendix B. From Table 1 and Table 2, we can see that Rel-8/Rel-9 requirement can be applied with 2x2 static channel. 
Table 1: CQI performance with 2x2 static channel in the scheduling subframe aligned with ABS subframe when
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[image: image10.png]SNR (dB) | Medium CQl index (Percentage) Best MCS (BLER)
1 #6 (#6=100%) #6 (#6=0 4%, #7=100%) Pass
2 7 (T=55%, #6=45%) Pass
3 #7 (#7=100%) Pass
Z #5 (#6=00%, £1=18%) Pass
5 #5 (#6=100%) 2% #9=100%) Pass
5 #9 (#9=93% #6=1%) 05%, #9=48%) Pass
7 #9 (#9=100%) =51%) Pass
5 #10 (#10=57%, #9=03%) Pass
9 #10 (#10=100%) Pass
10 #11 (#11=69%  #10=31%) Pass
1 #11 #11=100%) Pass
12 #12 (#12=97%, #11=3%) 6%, #12=100%) Pass
13 #12 (#12=100%) 1%, #12=100%) Pass
4 #13 (#13=05%  #12=16%) #11 (@#11=0%, #12=11%) Fail
15 12 (#12=1 7%, #13=98%) Pass





Table 2: CQI performance with 2x2 static channel in the scheduling subframe aligned with non-ABS subframe when
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[image: image14.png]SNR (dB) | Medium CQl index (Percentage) Best MCS (BLER)
1 #3 (#3=10%, £2=20%) # (#2=0 2%, #3=100%) | Pass
2 #3 (#3=100%) #3 (#3=5%, #4=100%) Pass
3 #3 (#3=63%, #4=31%) #3 (#3=0 0%, #4=100%) | Pass
Z #4 (#4=100%) #4 (#4=0 5%, #5=100%) | Pass
5 4 (#4=81%, #5=13%) 0%) | Pass
5 #5 (#5=100%) 2% #6100%) | Pass
7 #5 (#5=97% #6=3%) #5 (#5=0 03%, #6=100%) | Pass
5 #6 (#6=100%) #6 (#6=0 3%, #7=100%) | Pass
9 #6 (#6=99% #7=1%) Pass
10 #7 (#7=100%) 1%, #6=100%) | Pass
1 #7 (#T=05%, #6=15%) #7 (#7=0%, #8=67%) Pass
12 #5 (#6=100%) #5 (#6=003%, #9=100%) | Pass
13 #5 (#9=50%, #9=42%) #5 (#6=0 0%, #9=100%) | Pass
4 #9 (#9=100%) #9 (#9=0% #10=100%) | Pass
15 9 (#9=100%) #9 (#9=04% #10=82%) | Pass





5 Appendix B

Table 3: Common test parameters


[image: image15.emf]Parameter    Value   System bandwidth  10 MHz   Cyclic prefix  Normal   Transmission mode  TM2 for serving cell, TM3 for interference cell   Number of OFDM  symbols for PDCCH  3 symbols per subframe   Antenna configuration  2 x2, low correlation   Propagation channel  St atic propagation condition  for both serving cell and  interference cell   Power allocation (ρ A ,   ρ B )   - 3 dB   Serving cell SNR  measured at CRS  To be simulated for  1  to 15dB [2dB step]   (SNR = Es/Noc2 for interference model alternative 1   SNR= Es/Noc for interfe rence model alternative 3)   Feedback mode  PUCCH 1 - 0   Physical channel for  CQI reporting  PUCCH Format 2   PUCCH Report Type  4   Reporting periodicity  N P  = 5   cqi - pmi - ConfigurationIndex  6   Frequency error  0 Hz   EVM error   6%   Maximal number of  HARQ transmissio n  1   Pattern for CSI1  measurements  [10101010]   Pattern for CSI2  measurements  [01010101]   ABS pattern in  interfering cell  [10101010]   Interfering cell  configuration  Non - MBFSN ABS with non - colliding RS   Interference model  Es _int /Noc2=[6] dB in ABS and  Noc3 / Noc2=3.2 dB,  Noc2 / Noc1 = 4 dB    
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		Parameter

		　Value



		System bandwidth

		10 MHz



		Cyclic prefix

		Normal



		Transmission mode

		TM2 for serving cell, TM3 for interference cell



		Number of OFDM symbols for PDCCH

		3 symbols per subframe



		Antenna configuration

		2x2, low correlation



		Propagation channel

		Static propagation condition for both serving cell and interference cell



		Power allocation (ρA,  ρB) 

		-3 dB



		Serving cell SNR measured at CRS

		To be simulated for 1 to 15dB [2dB step]


(SNR = Es/Noc2 for interference model alternative 1


SNR= Es/Noc for interference model alternative 3)



		Feedback mode

		PUCCH 1-0



		Physical channel for CQI reporting

		PUCCH Format 2



		PUCCH Report Type

		4



		Reporting periodicity

		NP = 5



		cqi-pmi-ConfigurationIndex

		6



		Frequency error

		0 Hz



		EVM error 

		6%



		Maximal number of HARQ transmission

		1



		Pattern for CSI1 measurements

		[10101010]



		Pattern for CSI2 measurements

		[01010101]



		ABS pattern in interfering cell

		[10101010]



		Interfering cell configuration

		Non-MBFSN ABS with non-colliding RS



		Interference model

		Es_int/Noc2=[6] dB in ABS and Noc3/Noc2=3.2 dB, Noc2/Noc1 = 4 dB
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