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Introduction
During the last RAN4 meeting the discussion from the previous meeting on the test definition for Type II PMI reporting has continued and a WF [1] has been agreed. One of the major open questions is to whether use a SU-MIMO or a MU-MIMO test setup. In this contribution we further share our views on this issue.
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SU- vs. MU-MIMO
During the last meeting we already shared our views on this topic in [2] and made our preference for an SU-MIMO based test setup clear. As shown in the WF [1] to be able to make effective use of a MU-MIMO setup at least two conditions need to be met:
· A Co-scheduled UE needs to be emulated
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· ZF algorithm needs to be applied to generate precoding matrix for UE under test.
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As stated during the last meeting, this requires significant changes to the test setup, which in our understanding are not feasible in the discussed time frame.
Additionally it also needs to be considered that during the actual conducted test, the co-scheduled UE is not present and while the algorithms may be useful in the actual network deployment, it is difficult to understand how this would impact the outcome of the test. 
In our understanding, a proper modeling of the effects of the MU-MIMO inter-user interference in the test setup is missing and cannot be added easily, without much effort in terms of complexity and cost. MU-MIMO tests that have been used in the past for LTE transmission mode 8 superpose the allocations for the device under test and the co-scheduled UE in order to verify the demodulation performance of the DUT based on a given antenna port, while the other antenna port is used to transmit towards a co-scheduled UE. However the goal for verification of MU-MIMO in NR using the type II PMI feedback is different.
We need to assume that by exploiting the detailed channel feedback from the UEs (both DUT and co-scheduled UE would need to be taken into account), the network is able to perform precise null-forming of the beams towards the two users sharing same time-frequency resources. Two basic extremes need to be considered for the conducted test setup:
1. The feedback from both UEs is precise, so null-forming works well at the network side. In this case, the DUT would not see any energy form the co-scheduled UE, so a) the test equipment would not even need to generate the interference at all and b) the SNR and throughput figures obtained from the test would be very good (and much improved over the random beamforming baseline).
2. The feedback from both UEs is not precise. This could be due to either not using the full extent of the type II PMI feedback freedoms (e.g. just reporting type I precoders in type II format) or quickly changing channel conditions, which invalidate the channel estimation accuracy in the time between performing the channel measurement at the DUT and application of the zero-forcing algorithm in the network side. There is no model specified in 3GPP, which can model the precise characteristics of the interference level of the co-scheduled UE on the DUT signal, to be fed through the cabled setup. Therefore, we doubt any measurable throughput figures would align with real world behavior, but would rather make the test result useless.
Therefore we propose RAN4 continues to use the SU-MIMO based test setup for Rel-15 and Rel-16 requirements.
Proposal 1: RAN4 agrees to use an SU-MIMO based test setup for type II PMI reporting for Rel-15 and Rel-16 requirements.
SU-MIMO test setup enhancements
One of the concerns raised during the last meeting was that the Type I codebook is contained as a subset inside the Type II codebook. Therefore, a UE may choose to implement only the Type I Codebook based channel estimation and then still feedback the resulting PMI values as part of Type II reporting operation. This could enable UEs with a “poor” implementation to still pass the test criterion and the test is unable to differentiate UEs with capability for “real” Type 2 reporting.
Thus from our point of view, it should be further investigated how the SU-MIMO test procedure can be meaningfully enhanced to reduce the potential issues of the methodology. It should be investigated how e.g. the test methodology can be adapted or an additional metric could be introduced to provide an improved test significance using the SU-MIMO test setup. 
Proposal 2: RAN4 further investigates how to enhance the PMI type II test procedure using the SU-MIMO test setup. 
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In this contribution we discussed the open issues on Type II PMI reporting test definition and make the following proposal.
Proposal 1: RAN4 agrees to use an SU-MIMO based test setup for type II PMI reporting for Rel-15 and Rel-16 requirements.
Proposal 2: RAN4 further investigates how to enhance the PMI type II test using the SU-MIMO test setup. 
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MU-MIMO Test Setup: Scheduling
Model - llI

* How to generate X, (channel for co-scheduled
UE)

— Option 1: Random PMI

+ The PMiis selected at random, given the size of type II
codebook set, the PMI used may with a very low
probability be equal to the PMI reported from the DUT

— Option 2: Fixed PMI

* The PMI is generated once at the start of the simulation
and kept in memory to be used in the ZF precoder
algorithm when a new PMI from DUT is reported
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MU-MIMO Test Setup: Scheduling
Model - I

W=, Xl
— where W, is the orthogonalized and normalised
W, and X}! is the normalized projection of the co-
scheduled PMI on the null space of W,
- X{! = (I = W, WHW, diag(q) ™/
* Note: Option 2 does not require matrix inversion to
generate X,,

+ One TE vendor questions the feasibility of the
proposed test setup




