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Introduction
[bookmark: _Hlk521500305]In WID [1], multiple objectives were listed for defining performance requirements for eMIMO. In WF [2], a lot of issues were discussed. In this paper, we discuss our views on defining test cases for eMIMO.
Enhanced Type II Codebook
In WF [2], there were two options listed for test setup: SU-MIMO and MU-MIMO. As RAN4 is discussing to define minimum requirements for UE and UE implementation is unaware of whether it is SU-MIMO setup or MU-MIMO setup, it does not make sense to complicate the setup without testing anything new on UE implementation. We further illustrate this point below.
In case of SU-MIMO setup, the received channel can be given as:

where y1 is the received signal at device under test (DUT), h1 is the channel between DUT and gNB, w1 is the precoder applied at gNB, x1 is the desired signal for DUT and n1 is the Gaussian noise. In this case, DUT will report the precoder corresponding to h1H to maximize the SNR.
In case of MU-MIMO setup, the received channel can be given as:

where y2 is the received signal at the other UE, h2 is the channel between gNB and other UE, w2 is the precoder applied to the signal for other UE, x2 is the desired signal for the other UE and n2 is the Gaussian noise at the other UE. In this case, received signal at the DUT is given by:

As per agreements in [3], DUT does not have interference cancellation capability. So, it will treat the second and third terms in above equation as noise. Therefore, it will again report precoder corresponding to h1H to maximize its SNR.
Observation 1: UE reports the same precoder for both SU-MIMO and MU-MIMO test setups.
While we understand the motivation behind MU-MIMO test setup, we further illustrate why SU-MIMO test setup is better choice compared to MU-MIMO test setup and try to answer the issues raised by other companies regarding SU-MIMO test setup.
· In RAN4, UE is not expected to do any interference cancellation, so MU-MIMO setup won’t require UE to do any special processing compared to SU-MIMO test setup.
· UE implementation is agnostic to deployment since UE has no way of knowing whether it is SU-MIMO deployment or MU-MIMO deployment. So, UE will not do any special processing under MU-MIMO test setup compared to SU-MIMO and UE will report the same PMI for both setups. We have shown this theoretically above.
· It was argued that MU-MIMO test setup will force UE to report proper PMI because UE will have to receive in a particular direction such that it is in null space of the other UE. But in this case, UE performance will also be impacted by PMI reporting of other UE since gNB will compute the null space for both UEs based on reported PMIs for both UEs. In the last meeting, it was agreed that the artificial UE in MU-MIMO setup will report either fixed PMI or random PMI. In both cases, reported PMI may not match the actual direction of the transmission. This will cause inferior performance for the UE under test and UE may fail the test without it’s own fault.
· We can avoid this consequence by using SU-MIMO test setup where beam-steering procedure ensures that for proper reception, UE will have to receive two independent beams and change it’s PMI reporting as the beam direction changes. So, even SU-MIMO test setup forces UE to report proper eType2 PMI. If UE reports Type 1 PMI, it cannot receive properly from both the beams and will fail the test.
· It was also argued that UE may report PMI from Type 1 codebook and pass the test with SU-MIMO test setup. In our simulations below, we can clearly see that there is a significant performance difference between eType2 and Type1 reported PMI.
Table 1: Simulation results for subband PMI reporting for FDD 16x2 XP Medium, Subband size = 4RBs under eType2 PMI reporting SU-MIMO test setup
	Following eType 2 PMI
	Following Type 1 PMI

	SNR in dB at 90% of peak throughput
	PMI ratio with eType 2 random PMI
	SNR in dB at 90% of peak throughput
	PMI ratio with eType 2 random PMI

	8.45
	5.76
	13.84
	2.10


· One of the TE vendors expressed their opinion that MU-MIMO test setup may not be feasible from their perspective. In the last meeting, some companies also proposed not to define any test for eType2 if MU-MIMO test setup is declared not feasible or not agreed in Rel-16. This poses a risk for not having any test at all for eType2 PMI reporting in Rel-16 timeframe. We would like to avoid that situation.
· MU-MIMO test setup has never been used and has not been studied much in RAN4. That adds more uncertainties to the pass/fail outcome from that test setup while SU-MIMO test setup has been used for years.
· In case of MU-MIMO test setup, it is proposed to define the test under low MCS and Rank1, where we may not see that much impact of wrong PMI reporting since the test will be in low SNR regime while SU-MIMO test setup considers MCS20, Rank2 for the test where the impact of PMI reporting will be much more visible.
· In LTE, SU-MIMO test setup with beam-steering (2 independent beams) was used to verify the performance of enhanced codebooks. We are proposing to do the same for NR eType2 codebook as this methodology is well-understood and well-tested.

Based on the above analysis, we propose the following.
Observation 2: There is a significant difference in PMI ratio and SNR needed to reach 90% of peak throughput between eType 2 and Type 1 PMI reporting.
Proposal 1: Use SU-MIMO test setup for defining Enhanced Type II PMI reporting tests.
Conclusions
This paper discusses performance objectives in eMIMO WI and provides our views on open issues in [2]. Following has been observed and proposed.
Observation 1: UE reports the same precoder for both SU-MIMO and MU-MIMO test setups.
Observation 2: There is a significant difference in PMI ratio and SNR needed to reach 90% of peak throughput between eType 2 and Type 1 PMI reporting.
Proposal 1: Use SU-MIMO test setup for defining Enhanced Type II PMI reporting tests.
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