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1
Introduction
In the RAN4 #58 meeting, many companies proposed details and simulation results on the CSI tests with UE selected subbands. A CR [1] captured the agreement among these companies on CSI tests using PUSCH 2-0 and PUCCH 2-0. For PUCCH mode 2-1 and PUSCH mode 2-2, there were some discussions in [2] and more details of test scenarios are proposed in [3]. In this contribution, we would like to investigate some issues in the CSI test using PUSCH 2-2 and provide simulation results.
2
Comparison of PUSCH 2-2 and PUSCH 2-0
Unlike PUSCH 2-0, PUSCH 2-2 is associated with close-loop MIMO modes where PMI feedback is necessary. Therefore in addition to the best subbands and the CQI corresponding to the best subbands, UE using PUSCH 2-2 also needs to feedback the wideband PMI and the PMI for the selected subbands. This makes potential three feedback estimates to test for PUSCH 2-2: selected subbands, corresponding CQI and PMI.
To simplify the testing procedure without losing the purpose of testing this feedback mode, it makes sense to exclude adaptive CQI from this test because the PUSCH 2-0 test has already addressed the testing of UE selected subband CQI. Similar view is also documented in [2].
3
Test case design and analysis
To test the UE capability to select best subbands and the associated PMI, [2] suggests a simple modification of the existing single PMI test. The suggestion is to measure the throughput ratio of tue to trnd, where tue is the throughput using the UE reported subbands and UE report PMI on those subbands, and trnd is the throughput using a random PMI on randomly selected subbands. The throughput ratio therefore reflects the gain due to subband selection and PMI selection.
During the RAN4 #57AH meeting, it was discussed that it can be problematic to use all UE selected subbands in the CSI tests because UE may select a partial subband. If a partial subband is selected, the total resource used by data would be different from the resource when only full subbands are used. This means that we need to use two different reference channels in the test. The throughput ratio also becomes difficult to measure because if UE selects a partial subband the random subband selection in eNB also needs to select a partial subband in order to make fair comparison. Due to this concern, a compromise was reached in RAN4 #57AH to test PUSCH/PUCCH 2-0 using only one subband, randomly selected from the reported full subbands [1].

For PUSCH 2-2, we are facing the same issue and therefore one subband should also be used in this test. 
Proposal 1: The definition of throughput ratio for testing PUSCH mode 2-2 should be
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where trnd is 60% of the maximal throughput obtained at SNRrnd using random precoding on a randomly selected full subband, and tue is the throughput measured at SNRrnd using subband PMI reported by UE on a full subband randomly selected from reported subbands.
The two-tap channel was proposed to be used for testing PUCCH/PUSCH mode 2-0 because its periodic nature in the frequency domain provides almost equal channel quality for several subbands. This minimizes the impact of choosing only one out of the M reported subbands. However the two-tap channel has full antenna correlation and is therefore not suitable to test PMI adaptation. A fading channel model with low antenna correlation should be used for PUSCH mode 2-2 so that UE can report PMI with large variation. On the other hand we also want to choose a channel with large frequency selectivity such that subband selection can result in more gain. From the study in [4], EVA5 with low antenna correlation is a good choice to meet these requirements.
Proposal 2: 2x2 EVA5 channel with low correlation is recommended for testing PUSCH mode 2-2.
Simulation is done based on the FDD setup in [3], except that the fixed reference channel uses only one subband of 3 PRBs in the simulation. The following figure shows trnd and tue versus SNR when either QPSK 1/3 or 16QAM ½ is used.
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The throughput ratios are summarized in the following table.

	Modulation
	60% of maximal throughput (Mbps)
	SNR at 60% of maximal throughput with random PMI and subband
	Throughput ratio (tue/ trnd)

	QPSK 1/3
	0.1235
	-3.25
	1.48

	16QAM ½
	0.3705
	3.18
	1.49


Because of UE subband selection, the throughput ratio is significantly larger than the single PMI test requirement (1.1). Therefore we suggest a larger throughput ratio (e.g., 1.2 to 1.3) should be chosen as the requirement of PUSCH mode 2-2 test.
4
Conclusions

In this contribution we propose the definition of throughput ratio for PUSCH mode 2-2 performance test. The proposal is based on previous discussions on how to test PUSCH mode 2-2 as well as the current status in defining PUCCH/PUSCH mode 2-0 test. We also provide simulation results of the PUSCH mode 2-2 test, showing significant increase of throughput ratio compared to the single PMI test.
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