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1
Introduction
In the last RAN4 #57 meeting, a work plan for RAN4 to design tests for UE-selected subband CSI reporting has been proposed based on operator’s request [1]. A test case has also been proposed in [1] to test aperiodic CSI performance using PUSCH mode 2-0. This contribution is to provide our study and view on how to test aperiodic CSI reporting performance using PUSCH mode 2-0.
2
Background
Aperiodic CSI reporting using PUSCH mode 2-0 includes three measurements: a set of M preferred subband, one CQI value reflecting transmission over the M selected subbands, and a wideband CQI. A similar feedback mode to PUSCH mode 2-0 is PUSCH mode 3-0, where UE feedbacks CQI for each subband and eNB chooses which subbands to use. Because of the similarity, a test case for PUSCH mode 2-0 could be based on the existing PUSCH mode 3-0 test. However several differences between these two feedback modes can result in different test designs:
1. For PUSCH mode 3-0, UE reports all subband CQI. Therefore the CQI requirement can be based on the statistical property of all reported subband CQI over a period of time. For PUSCH mode 2-0, only one CQI for the M selected subbands is reported. The statistical property of the M-subband CQI is significantly different from that of subband CQI. A different way to set up minimum requirement may be needed.
2. For PUSCH mode 3-0 test cases, eNB can transmit data in one subband based on the reported subband CQI. It may not be appropriate to do the same thing for the PUSCH mode 2-0 test case because M-subband CQI is the average CQI value reflecting all M subbands and it does not accurately reflect a randomly picked subband in the M subbands. An alternative is to transmit data in all M subbands using the M-subband CQI in the PUSCH mode 2-0 test.
3. Subband sizes are different fro PUSCH mode 2-0 and 3-0, i.e., 3 PRBs vs 6 PRBs. Smaller subbands means smaller block sizes and larger performance loss of CTC decoding.
3
Test case design and analysis
As test cases for PUSCH mode 3-0, it makes sense to set the performance requirement based on the M-subband CQI statistics and the throughput ratio. However to answer questions raised in the background section, simulation has to be done to analyze the statistical property of M-subband CQI and throughput ratio in order to finalize the test details. 

The following simulation parameters are considered:
1. 10 Mhz bandwidth

2. 1x2 antenna configuration with correlation low or high channel correlation
3. Channel models include EVA5, EPA5, and 2-tap channel (as described in B.2.4 of 36.101 with τd=0.45 us, a=1, fD=5 Hz)

4. eNB uses a randomly selected subband from the M selected subband to transmit DL data, or eNB uses all M selected subband to transmit DL data.

The M-subband CQI is encoded differentially using 2 bits relative to the corresponding wideband CQI as shown in Table 7.2.1-4 of 36.213. The statistics of the differentially encoded M-subband CQI are shown in Figure 1 to 6 under different channel conditions and SNR values.
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Figure 1: 2-tap channel (B.2.4), low correlation

Figure 2: 2-tap channel (B.2.4), high correlation
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Figure 3: EPA5, low correlation

     Figure 4: EPA5, high correlation
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Figure 5: EVA5, low correlation


Figure 6: EVA5, high correlation
To set a requirement for the differential CQI, one may define a lower bound and an upper bound for the probability of differential CQI equal to 0 or 1. In order to make the requirement less sensitive to receiver implementation, the variation of differential CQI statistics should not be too large over a range of SNR. Meanwhile to test UE’s capability to choose best M subbands, it is also important to choose a channel model such that the M-subband CQI is significantly larger than the wideband CQI.
Setting bounds on the probability of differential CQI equal to 1 ensures the chance that M-subband CQI is larger than wideband CQI by 2. This requirement essentially guarantees the difference between wideband CQI and M-subband CQI. However such tests cannot measure UE’s capability of subband selection if the wideband CQI is too conservative. For example if wideband CQI is lower than it should be, UE doesn’t need to pick the best M subbands in order to come up with a M-subband CQI much larger than wideband CQI. For this reason, differential CQI equal to 0 should be put in the requirement and bounds to its probability should be identified. The lower bound ensures that wideband CQI is not too conservative and the upper bound ensures that UE is capable to detect good subbands.
From Figure 1 to 6, we have the following observations

1. It can be seen that the 2-tap channel is not suitable for the test because probability of Diff CQI=0 is too small and it would be hard to set a lower bound except 0. 
2. The probability of Diff CQI=0 for EPA5 channel is a bit too high to test UE’s subband selection capability. 
3. EVA5 with high correlation is a good candidate channel because its probability of Diff CQI=0 has relatively small fluctuation and is not too big or too small to set both upper and lower bounds.
Throughput ratio is another measure to see the performance of subband selection and CQI estimation. There are two methods to measure the throughput ratios:
M1. Follow the method described in the existing tests for PUSCH mode 3-0. The numerator of the throughput ratio is the throughput when eNB chooses one subband randomly from the reported M subbands and use M-subband CQI for transmission. The denominator of the throughput ratio is the throughput when eNB chooses one subband randomly over the entire band and use wideband CQI for transmission. The advantage of this method is simpler scheduling and test setup. The disadvantage is 1) M-subband CQI may not be accurate CQI for the subband because M-subband CQI is the average over all M subbands, and 2) the subband size is only 3 PRB for 10 Mhz which results in small block size, especially for small CQI, and hurts CTC decoding performance.
M2. The numerator of the throughput ratio is the throughput when eNB uses all M selected subbands and M-subband CQI for transmission. The denominator of the throughput ratio is the throughput when eNB always chooses the first M full subbands of the entire band and wideband CQI for transmission. The advantage of this method is that CQI measurement resource amount and the actual used resource amount are consistent. The disadvantage of this method is eNB and UE need to deal with discontinuous subbands Tx/Rx respectively. 
Throughput ratios using method 1 and 2 are simulated for different channel models and SNR. It is noted that using method 1 generally results in higher BLER than the target 10% using either a selected subband or a random subband. On the other hand, method 2 does not have this problem as shown in Figure 7 and 8. With method 2, BLER using 5 subbands falls pretty close to the 10% range. This is because M-subband CQI is derived using the 5 selected subbands as specified in 36.213, thus yielding expected BLER. It is also more meaningful to measure throughput ratio when CQI reference resource matches the PDSCH resource and BLER is close to the design target. Therefore we recommend method 2 to measure the throughput ratios in the test.
Figure 9 shows the throughput ratio simulation using method 2. 
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    Figure 7: BLER using UE selected subband(s)

Figure 8: BLER without using UE selected subband(s)
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Figure 9: throughput ratios using method 2
7
Conclusions

In this contribution several technical issues related to PUSCH mode 2-0 CSI testing are investigated. The observation and conclusion of the investigation are summarized in the following proposals to be included in the new test case: 
Proposal 1: It is recommended that the concept of CQI test in 9.3.1 of 36.101 should be reused to generate a test case for PUSCH mode 2-0.
Proposal 2: It is recommended that EVA 5Hz channel with high correlation should be used for testing PUSCH mode 2-0.
Proposal 3: It is recommended that bounds on the probability of differential CQI equal to 0 should be used as a performance requirement of this test.

Proposal 4: It is recommended that M subbands (M=5 when the bandwidth is 10 Mhz) should be used to calculate throughput ratios. Details are described in M2 in the text of this contribution.
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