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1	Introduction
In the agreed WF from RAN4#96-e [1], two options are described for testing the PMI reporting in enhanced Type II:
· Option 1: Only use SU-MIMO test setup, i.e., one tested UE
· Option 2: MU-MIMO based test setup, i.e., one tested UE + one co-scheduled UE (generated by TE)
Option 1 is consistent with the test specified by RAN4 for Type I single-panel (SP) codebook in NR. Option 2 introduces a new test that is tailored to the performance requirements of eType II codebooks, which were designed by RAN1 specifically to enhance support for MU-MIMO operations [2].
In this contribution, after reiterating the technical reasons why a simplified and feasible MU-MIMO setup is the best option to test eType II reporting requirements, we analyse in Sec. 2.1 and 2.2, the computational complexity involved in the implementation of the MU-MIMO test setup to address concerns regarding the feasibility of the test. We discuss on the computational complexity required in the calculation of the simplified MU-MIMO precoder and propose to clarify further the procedure for the precoder calculation. Finally, in Sec. 2.3 we express our preference for the test metric defined in relation to Type I SP throughput.
2	Discussion
In NR there are two families of codebooks for PMI reporting: Type I (single- and multi-panel), which targets SU-MIMO operations and Type II (Rel-15 and Rel-16 enhanced versions, regular or port selection), which is primarily concerned with enhancing MU-MIMO operations.
Thus far, RAN4 has specified testing only for Type I SP, which is naturally based on an SU-MIMO set-up, because the throughput enhancement provided by a correct UE reporting, relative to a random codebook selection, is given by the beam steering gain achieved by the PMI. In fact, a UE chooses the PMI from a codebook set which maximises the CQI for the measured channel. Therefore, the current test metric for Type I SP compares the throughput measured when following the reported PMI to that one achievable by a random selection of the precoder matrix from the codebook set.
Conversely, in eType II PMI calculation, a UE provides a compressed and quantised representation of the  strongest channel eigenvectors for a reported rank . The aim is that of providing a more accurate representation of the actual channel eigenvectors such that the gNB can achieve better spatial separation, i.e., less interference, between co-scheduled UEs in MU-MIMO operations. This is because throughput in MU-MIMO is much more sensitive to interference due to PMI inaccuracies than SU-MIMO throughput is to beam steering errors. The higher accuracy of Type II PMI comes at the cost of larger UE complexity and UCI overhead.
Because SU-MIMO throughput with eType II PMI is generally not significantly larger than that achievable with Type I SP PMI, if one tested an eType II PMI report with a SU-MIMO set-up, it would be possible for a defective DUT to pass testing. This could be happen, for example, by erroneously reporting a Type I PMI content in Type II format. The defective DUT could pass the test if the accuracy provided is enough to show gain over a random PMI, but it would fail an MU-MIMO test because the cross-talk with a co-scheduled UE would degrade the throughput significantly.
Observation 1. eType II PMI is primarily intended to enhance MU-MIMO throughput by providing a much more accurate representation of the strongest channel eigenvectors than Type I SP PMI. This allows the gNB to steer the beams of co-schedule UEs in each other’s null space with less residual interference.
Observation 2. SU-MIMO throughput is less sensitive than MU-MIMO to PMI inaccuracies because MU-MIMO throughput is limited by interference between co-scheduled UEs. 
Observation 3. A DUT could in practice be able to report a eType II PMI that does not represent well the channel main eigenvectors and still pass an SU-MIMO test for eType II, because the throughput difference between Type I SP and eType II is not large enough for SU-MIMO transmission.
2.1	Simplification of the MU-MIMO test setup
The MU-MIMO test setup may be implemented with several degrees of complexity. The ideal test setup implementation is represented in Figure 1. In this setup, 2 UEs are co-scheduled, and send their PMI reports in a realistic manner. In that way, the test equipment would be able to calculate a realistic precoder. 


[bookmark: _Ref54349676][bookmark: _Ref54349672]Figure 1 Real MU-MIMO test setup with 2 UEs and realistic precoder calculation
Even though the test setup of Figure 1 would be the most realist representation of a MU-MIMO setup, it presents unnecessary implementation computational complexity, particularly considering that only 1 of these UEs are being tested. In this case, the whole TX chain would be needed to generate the transmitted signal for the co-scheduled UE. 
A simplification of the test setup of Figure 1 is presented in Figure 2, which illustrates the current setup agreed in the WF [1]. The setup from Figure 2 requires no real or emulated co-scheduled UE, which also means that the model of the co-scheduled UE does not need to include the whole processing chain. In this setup, instead of modelling data generation, data encoding, interleaving, etc, a simple QAM random data generator would suffice. Additionally, since the performance of the co-scheduled UE is not measured, the precoder might be calculated in a simplified manner, which only aims at reducing the interference of the co-scheduled dummy-UE on the DUT. 
In the dummy-MU-MIMO model of Figure 2, the precoder generator is designed in such a way that the gains of the evaluated codebook can be measured. If UE implementation fails to meet the requirements of eType II CSI reporting, the channel eigenvectors would not be reported accurately, and the UE would experience large interference from the co-scheduled UE. This setup also implies that the DUT does not have to implement any type of advanced interference cancellation receiver to deal with the co-scheduled UE, because the precoder is designed to minimise such interference from the co-scheduled UE, provided the PMI from the DUT satisfies the requirements of eType II. 




[bookmark: _Ref54349872]Figure 2 Simplified MU-MIMO test setup with 1 real UE (DUT) where a dummy co-scheduled UE is modelled a through random PMI 
Observation 4. On a MU-MIMO test setup, the TE does not necessarily need to encode any data or control signal for the co-scheduled UE. The data sequence for the co-scheduled UE may be generated as a random sequence of QAM symbols and processed by the MU-MIMO precoder calculated for the co-scheduled UE.
[bookmark: _GoBack]Proposal 1. RAN4 to adopt the MU-MIMO test setup described in the WF and clarify the simplification options for the co-scheduled UE generation. Further clarify that the TE does not need to encode any data or control signal for the co-scheduled UE. As an example, the data sequence for the co-scheduled UE may be generated as a random sequence of QAM symbols and processed by the simplified MU-MIMO precoder calculated for the co-scheduled UE. 
2.2	On the feasibility of the precoder calculation
In the agreed WF document [1], the following precoder is adopted for the MU-MIMO test.
· ,
· where  is the orthogonalized and normalised  and  is the normalized projection of the co-scheduled PMI on the null space of 
· 
· Note: Option 2 does not require matrix inversion to generate Xb
In the above notation, the following variables are used:
- is the  precoder matrix reconstructed from the PMI reported by the DUT, with , number of transmit antennas and  reported rank. 
- represents the  randomly generated precoder matrix for the co-scheduled UE. 
As a result of the formula above,  and  are the MU-MIMO precoders applied, respectively, to the DUT data and the dummy data generated for the co-scheduled UE.
Note that, in case of rank  PMI report from the DUT,  is a single vector, hence there is no need for orthogonalization and the MU-MIMO precoder for the DUT is . Therefore, the procedure for calculating the MU-MIMO precoder for the co-scheduled UE, , from the PMI reported by the DUT, , is simplified as follows:
Initialisation:  is an  unit-norm vector (=1) reconstructed from the PMI reported by the DUT.
Step 1) Generate a random vector  of size , with elements drawn from a complex Gaussian distribution of mean 0 and variance 1.
Step 2) Calculate the quantities: , and 
Step 3) 

This procedure for calculating the MU-MIMO precoder for the co-scheduled UE for a rank 1 test has a much lower computational complexity compared to channel inversion and it does not require any orthogonalization of the PMI reported by the DUT. In total this procedure requires about  complex multiplications and additions.
Observation 5. The precoder calculation, , for the co-scheduled UE described in the WF document results in reduced computational complexity at the TE: about  complex multiplications and additions in total, where  is the number of transmit antennas, and no advanced processing techniques are needed.
Proposal 2. Further clarify that the precoder calculation for the co-scheduled UE boils down to the following simple procedure in case of rank 1 test
Initialisation:  is an  unit-norm vector (=1) reconstructed from the PMI reported by the DUT.
Step 1) Generate a random vector  of size , with elements drawn from a complex Gaussian distribution of mean 0 and variance 1.
Step 2) Calculate the quantities: , and 
Step 3) 

Proposal 3. RAN4 to adopt random PMI generation for the co-scheduled UE. Further clarify that, for rank 1 test, the PMI for the co-scheduled UE, , is a vector of size , with elements drawn from a complex Gaussian distribution of mean 0 and variance 1.

2.3	Test metric
In the WF document the following options are provided for the test metric:
· Option 1: Relative Throughput ratio between following PMI for Rel-16 enhanced Type II and Rel-15 Type I single-panel codebook. 
· Option 2: Relative throughput ratio between following PMI and random PMI

Between the two alternatives, we understand that Option 1 is preferable because, by defining a metric against the Type I baseline performance, it offers a more robust metric to ensure the performance requirements of eType II reporting are satisfied. In fact it makes sense for a new enhanced codebook to be tested against a baseline codebook with lower performance. For the Type I test, because of a lack of a baseline reference it made sense to compare performance against a random PMI. On the other hand, for eType II a much better baseline is achieved by using Type I to guarantee more accurate representation. Conversely, with Option 2, the metric definition is less accurate as it is defined against an unspecified random PMI and there is a higher risk of a UE passing the test without reporting the correct PMI, particularly for a rank 1 report.
Observation 6. The comparison of the Type I with the eType II throughput provides an efficient mean of asserting the improved accuracy of the PMI reported with eType II codebook. 
Proposal 4. RAN4 to adopt Option 1 for the test metric, i.e., the throughput ratio between following PMI for Type I SP and eType II. 

4	Conclusion
Hereafter we summarise the new observations and proposals on the reporting requirements for eType II PMI discussed in this contribution.
Observation 1. eType II PMI is primarily intended to enhance MU-MIMO throughput by providing a much more accurate representation of the strongest channel eigenvectors than Type I SP PMI. This allows the gNB to steer the beams of co-schedule UEs in each other’s null space with less residual interference.
Observation 2. SU-MIMO throughput is less sensitive than MU-MIMO to PMI inaccuracies because MU-MIMO throughput is limited by interference between co-scheduled UEs. 
Observation 3. A DUT could in practice be able to report a eType II PMI that does not represent well the channel main eigenvectors and still pass an SU-MIMO test for eType II, because the throughput difference between Type I SP and eType II is not large enough for SU-MIMO transmission.
Observation 4. On a MU-MIMO test setup, the TE does not necessarily need to encode any data or control signal for the co-scheduled UE. The data sequence for the co-scheduled UE may be generated as a random sequence of QAM symbols and processed by the MU-MIMO precoder calculated for the co-scheduled UE.
Proposal 1. RAN4 to adopt the MU-MIMO test setup described in the WF and clarify the simplification options for the co-scheduled UE generation. Further clarify that the TE does not need to encode any data or control signal for the co-scheduled UE. As an example, the data sequence for the co-scheduled UE may be generated as a random sequence of QAM symbols and processed by the simplified MU-MIMO precoder calculated for the co-scheduled UE. 
Observation 5. The precoder calculation, , for the co-scheduled UE described in the WF document results in reduced computational complexity at the TE: about  complex multiplications and additions in total, where  is the number of transmit antennas, and no advanced processing techniques are needed.
Proposal 2. Further clarify that the precoder calculation for the co-scheduled UE boils down to the following simple procedure in case of rank 1 test
Initialisation:  is an  unit-norm vector (=1) reconstructed from the PMI reported by the DUT.
Step 1) Generate a random vector  of size , with elements drawn from a complex Gaussian distribution of mean 0 and variance 1.
Step 2) Calculate the quantities: , and 
Step 3) 
Proposal 3. RAN4 to adopt random PMI generation for the co-scheduled UE. Further clarify that, for rank 1 test, the PMI for the co-scheduled UE, , is a vector of size , with elements drawn from a complex Gaussian distribution of mean 0 and variance 1.
Observation 6. The comparison of the Type I with the eType II throughput provides an efficient mean of asserting the improved accuracy of the PMI reported with eType II codebook. 
Proposal 4. RAN4 to adopt Option 1 for the test metric, i.e., the throughput ratio between following PMI for Type I SP and eType II. 
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