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1. Introduction
As pointed out in [1], the test cases for the UE selected subband CSI reporting modes were left out from the LTE release 8 based on feature grouping agreements. However as part of the re-assesment of the de-prioritized features in, it was agreed in the RAN#49 meeting that RAN4 should start the discussions about performance requirements for these reporting modes.
The following verification scenarios are proposed in [1]:
· 
minimum requirements for PUCCH 2-0/2-1 and PUSCH 2-0/2-2 in the frequency-selective scheduling case and the frequency-selective interference case
· 
minimum requirements for PUSCH 2-2 multiple PMI reporting and PUCCH 2-1 single PMI reporting  
In the present contribution we provide our initial views on the verification of these modes.
2. Initial considerations on the verification framework
2.1 PUSCH 2-0
When configured to the PUSCH 2-0 mode, the UE is expected to report:

· 
wideband CQI

· 
locations of the M preferred subbands of size k, where M = 5 and k = 3 RB for 10 MHz

· 
differential CQI value reflecting transmission over the M selected subbands
The primary purpose of the PUSCH 2-0 test would be hence to verify that the selected subbands are the best ones i.e. providing the best SNR for scheduling. Such aim could be accomplished by the means of a percentile test or a relative throughput test, or both. The applicability of these methods to PUSCH 2-0 verification are discussed in the following.
In the case of a two-tap channel, the five best subbands are roughly located at the spectrum peaks, implying that the same CQI value would be reported for all 5 subbands in the ideal case. A percentile test could be then used to verify this value.
The offset distribution for a realistic CQI estimator is shown in Figure 1 below:
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Figure 1 – Distribution of the CQI offsets for PUSCH 2-0 (two-tap channel)
As can be seen, the distribution is fairly similar to the one reported by NEC [2]. 
The variations in the distribution are largely due to the CQI quantization. If the subband CQI index is between two levels, a small change in the SNR implies a large change in the probability of the reported offset. Similarly a change in the wideband CQI index implies a shift in the offset level. It would be hence quite challenging to find an acceptable offset level for the minimum  requirement, accounting that there are only 4 offset levels to work with.
The requirement could be in theory imposed to the offset levels 2-3, requiring that they would have to be reported at least X % of the time. However looking at Figure 1 and especially the results reported in [2], it is possible that the offset levels 1 and 4 would be reported most often at certain SNR levels. Hence to cater differences in practical CQI estimators (also accounting that there is some headroom in terms of the bias setting) the only acceptable requirement could be such where the the offset levels 1-4 were to be reported at least X % of the time, i.e. no requirement at all.
The offset variations could be perhaps reduced by adopting a channel model where the quality of the M best subbands would not be constant over time, for example a low-doppler ETU. The problem of such arrangement would be however the reduced quality of the M best subbands relative to the wideband CQI, i.e. the offset level 0 would be probably reported most of the time.
And perhaps most importantly, it needs to be considered whether a percentile test would be needed at all, as it can be expected that the  relative throughput test would be sufficiently sensitive against a non-optimal selection of the best subbands (this assumption can be further verified by simulations if necessary), which should be the main motivation of this test. It should be noted that the percentile test was introduced for the PUSCH 3-0 subband test and PUCCH 1-0 wideband test mainly to catch an excessive FD and TD averaging, respectively.
The actual requirement could be defined as proposed in [3] i.e.
the ratio of the throughput obtained when transmitting on a randomly selected subband among the best M subbands reported by the UE the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected subband in set S shall be ≥ ;
No BLER requirement is seen to be needed as the aspect of bias limiting is already addressed as part of many other tests. 
2.2 PUCCH 2-0

When configured to the PUCCH 2-0 mode, the UE is expected to report:

· 
wideband CQI

· 
preferred subband of size k within the set of N subbands in each of the J bandwidth parts, where N=2 or 3, k=6, and J=3 for 10 MHZ

· 
CQI value reflecting transmission over the selected subband of a bandwidth part 
The primary purpose of the PUCCH 2-0 test would be hence to verify the subband selection accuracy. As for PUSCH 2-0, this object would be perhaps best accomplished by a relative throughput (Gamma) requirement, similar to PUSCH 3-0:
b)
the ratio of the throughput obtained when transmitting on the reported subband 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 ≥ ;

The short bandwidth part (containing subbands 7 and 8) would need to be excluded from the scheduling in order to avoid testability problems related to the short subband. This would imply skipping one reporting cycle (out of 3) hence somewhat increasing the test time.
No percentile test would be needed as the aspect of the frequency domain averaging over 6 PRB is already addressed as part of the PUSCH 3-0 verification. 
Similarly, a BLER test would not be necessary as the biasing of the subband CQI is already addressed as part of the PUSCH 3-0 verification.

2.3 PUSCH 2-2

When configured to the PUSCH 2-2 mode, the UE is expected to report:

· 
CQI value per codeword reflecting the transmission over the selected M preferred subbands and using the same selected single precoding matrix in each of the M subbands, where M = 5 and k = 3 for 10 MHz

· 
single precoding matrix indicator preferred for the M selected subbands

· 
wideband CQI value per codeword 

· 
single precoding matrix indicator for all set S subbands
The primary purpose of the PUSCH 2-2 test would be hence to verify the joint selection of the M best subbands and the preferred single precoding matrix for those subbands. This could be achieved by the means of a relative throughput requirement, similar to the single PMI test in section 9.4.1:
The minimum performance requirements of PMI reporting are defined based on the precoding gain, expressed as the relative increase in throughput when the transmitter is configured according to the UE reports compared to the case when the transmitter is using random precoding, respectively. Transmission mode X is used with a fixed transport format (FRC) configured. The requirements are specified in terms of the ratio
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 is 60% of the maximum throughput obtained at 
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using random precoding on M random subbands, and 
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with precoders configured according to the UE reports on M selected subbands.
Note that the subband selection gain is included as part of the Gamma as to verify the joint selection of the best subbands and the precoding matrix.
The current PMI test cases are specified for single-layer transmission (2x2) only. It could be hence considered whether the PMI test cases for the UE selected subband modes could be specified for single/dual layer MIMO with four tx antennas, providing some additional value for the test. It should be noted that the dual-layer MIMO with 2 tx antennas would not be a feasible configuration because of the marginal precoding gain.
2.4 PUCCH 2-1
When configured to the PUCCH 2-1 mode, the UE is expected to report:

· 
wideband CQI 

· 
wideband PMI

· 
CQI value for codeword 0 reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding preferred subband L-bit label
The reported precoding information is hence the same as for the PUSCH 3-1 and PUCCH 1-1 modes. Hence, a new test case might not be necessary from the PMI accuracy verification point of view. However a PUCCH 2-1 test might be needed to ensure the correct implementation of the reporting mode itself. In such case the same methodology as for the PUSCH 3-1 verification could be probably adopted. 
3. Conclusions

In the present contribution we consider the verification of the UE selected subband reporting modes. The conclusions are summarized in the following:
· 
The CQI reporting accuracy in PUSCH 2-0 and PUCCH 2-0 modes could be verified by the means of a relative throughput (gamma) test, similar to PUSCH 3-0. The percentile (alpha/beta) requirement does not seem feasible nor necessary. No BLER requirement is needed.
· 
The PMI reporting accuracy in PUSCH 2-2 and PUCCH 2-1 modes could be verified by the means of a relative thtroughput test, similar to the existing PMI tests. The PUCCH 2-1 requirement does not seem absolutely necessary but might be needed from the functional verification point of view.
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