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1	Introduction
In the agreed WF from RAN4#95-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 the WF, companies are encouraged to provide technical analysis for how the test set-up can guarantee UE PMI reporting requirements with eType II codebook for its intended purpose.
In this contribution we discuss the technical reasons why only Option 2 can guarantee the PMI reporting requirements for eType II.
 
2	Discussion
In this section we discuss the main open issues in the WF document [1] and motivate our proposals for the following aspects of the test case definition:
· Choice of option for the test set-up
· Scheduling mode and test procedure
· Test metric
2.1	Test set-up option
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. Hence, a DUT could pass an SU-MIMO test for eType II without fulfilling the eType II PMI requirements, because the throughput difference between Type I SP and eType II is not large enough for SU-MIMO transmission.
[bookmark: _GoBack]Proposal 1. RAN4 to select Option 2 (MU-MIMO) as test case for eType II PMI reporting as it is the only test setup that can guarantee appropriate UE PMI reporting requirements for MU-MIMO, given a suitable test metric.

2.2	Scheduling mode and test procedure
In this section we follow the precoder algorithm setup outlined in the WF [1] and detail some required additional aspects. Let  be the  precoder matrix for a generic PMI subband , reconstructed from the PMI reported by the DUT, where  is the number of transmit ports at the TE and  is the reported rank, with . Note that the  precoder vectors of  are unit norm but not orthogonal, in general, because of the nonzero linear combination coefficient selection and quantisation performed by the UE (Table 5.2.2.2.5-5 in TR 38.214 [3]).
Let  be the DUT channel known at the TE and  the  channel generated for the co-scheduled UE. The  MU-MIMO channel for the paired users is given by
	
	(1)


and the normalised (regularised) ZF precoder matrix for the DUT, , and for the co-scheduled UE, , are obtained from
	
	(2)


where  are power normalisation factors to ensure the precoder vectors are unit norm.
One FFS point in the WF document regards how to generate the quantity  for the co-scheduled UE. Two alternatives are provided:
· Option 1.  is obtained from a random PMI generated for the co-scheduled UE
· Option 2.  is the true channel generated for the co-scheduled UE
We note that, unlike Type I SP codebook, for which there is a limited set of possible precoder matrices, for eType II codebook the number of possible precoders reconstructed from the PMI is much larger, hence it is impractical to choose the precoder from a complete list of possible precoders. Instead, a random PMI can be reconstructed by a random selection of the indicators used in the formula of Table 5.2.2.2.5 of TS 38.214 (v16.2.0).
Another observation is that in the MU-MIMO test case we are only interested in measuring the DUT throughput when a co-scheduled UE is spatially multiplexed in the null space of the DUT PMI. Hence,  could be generated such that  lies in the null space of , for example by projecting a random PMI in the null space of . Let  be the orthogonalized and normalised version of the DUT PMI obtained as follows (Gram–Schmidt method)
	
 

.
	(3)



In this way the ZF precoder for the co-scheduled UE is given directly, in case of Option 1, by 
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or by replacing  in (5) with the actual generated channel for Option 2. Vector  contains power normalisation factors. We recall that a ZF precoder matrix is such that the -th precoder vector is orthogonal to all but the -th channel vectors as illustrated in Figure 1 for a toy example with  and , such that  and . Similarly we indicated with  and  ZF precoders for the DUT and co-scheduled UE, respectively.
Furthermore, because we are only interested in measuring the throughput at the DUT, we do not need to ensure that the precoder for the DUT is orthogonal to the channel of the co-scheduled UE, hence we can use   directly as precoder for the DUT.
Observation 3. In the MU-MIMO test case, with both Option 1 and 2 for the co-scheduled UE channel generation, , the ZF precoder calculation can be simplified as
	
	(6)


where  is the orthogonalized and normalised  and  is the normalized projection of the co-scheduled PMI on the null space of 
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Proposal 2. RAN4 to adopt ZF precoder as precoder calculation for the MU-MIMO test case. If complexity is an issue for TE vendors, the precoder calculation can be simplified by applying the ZF principle of orthogonality only to the co-scheduled UE (details in Observation 3).
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[bookmark: _Ref47537904]Figure 1. Illustration of a ZF precoder: the precoder vector for layer  is orthogonal to all but -th channel vectors.  is the PMI reported by the DUT,  is the PMI generated for the co-scheduled UE.  and  are the ZF precoders for the DUT and co-scheduled UE, respectively.

2.3	Test metric
In the WF document the following options are provided for the test metric of the MU-MIMO test case:
· Option 1: Relative Throughput ratio between following PMI for Rel-16 enhanced Type II and Rel-15 Type II codebook.
· Option 2: Relative throughput ratio between following PMI and random PMI.
· Other options not precluded.
Regarding Option 1, we observe that the objectives of eType II design was to reduce overhead over Rel-15 Type II, and to extend support to higher ranks, i.e., and 4. In terms of throughput performance, direct comparison with Rel-15 Type II can only be made for ranks 1 and 2. Besides, it is not clear what parameter configuration should be used for Rel-15 codebook for the comparison to be meaningful. In fact, the two codebooks have different parameters and different overhead as shown in MU-MIMO performance results for max rank 2 in Figure 2. Throughput difference between the two codebooks is not large enough to ensure correct UE reporting requirements and the test case would require calculation of two different PMIs with significant added complexity. For all these reasons Option 1 is not a good test metric and we think Option 2 should be adopted instead, or, alternatively, a metric that compares eType II to Type I SP PMI.
Proposal 3. RAN4 to adopt throughput ratio between following PMI and random PMI as test metric for the MU-MIMO test case of eType II. Relative throughput between following PMI for Type I SP and eType II can also be considered. 
[image: ]
[bookmark: _Ref47715539]Figure 2. Comparison between eType II and Rel-15 Type II throughput for MU-MIMO operations and max rank 2.

4	Conclusion
Hereafter we summarise the observations and proposals on the test case definition for eType II PMI reporting 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. Hence, a DUT could pass an SU-MIMO test for eType II without fulfilling the eType II PMI requirements, because the throughput difference between Type I SP and eType II is not large enough for SU-MIMO transmission.
Observation 3. 	In the MU-MIMO test case, with both Option 1 and 2 for the co-scheduled UE channel generation, , the ZF precoder calculation can be simplified as
	
	


where  is the orthogonalized and normalised  and  is the normalized projection of the co-scheduled PMI on the null space of 
	
	




Proposal 1. 	RAN4 to select Option 2 (MU-MIMO) as test case for eType II PMI reporting as it is the only test setup that can guarantee appropriate UE PMI reporting requirements for MU-MIMO, given a suitable test metric.
Proposal 2. 	RAN4 to adopt ZF precoder as precoder calculation for the MU-MIMO test case. If complexity is an issue for TE vendors, the precoder calculation can be simplified by applying the ZF principle of orthogonality only to the co-scheduled UE (details in Observation 3).
Proposal 3. 	RAN4 to adopt throughput ratio between following PMI and random PMI as test metric for the MU-MIMO test case of eType II. Relative throughput between following PMI for Type I SP and eType II can also be considered.
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