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Background
During RAN4#94-e the discussion in the NR enhanced performance WI started the scoping work for setting performance requirements for Type II codebook. The biggest difference between single panel type I, and Type II codebook is that Type II supports multiple beams (up to 4 beams in Rel-15 version and up to 6 beams in Rel-16 version), i.e., Type II codebook will heavily increase the overall system capacity with its increased support for MU-MIMO and SDM type of transmission schemes. 
Thus far in RAN4 testing of NR codebook-based transmissions we’ve standardized Single Panel Type I tests. With the current test metric comparing the throughput seen when following the CSI-PMI feedback compared to selecting a random precoder matrix W from the entire set of codebook constructions. i.e., setting the gain as the performance requirement.
Looking back at LTE, there are performance tests for Advanced Codebook type. The Advanced Codebook from LTE (supporting up to 2 beams) being similar to the NR corresponding Type II codebook. These LTE tests are conducted using the metric of following the PMI feedback together with following the Relative Power Indicator (RPI) compared with following the PMI feedback together with a fixed RPI value to 0. For NR, that would mean looking at the performance gain from following Type II feedback compared to following SP Type I feedback. 
Thus, looking back we have historically developed two different metrics for evaluating codebook performance for RAN4 testing. In this paper we discuss the pros and cons of these performance metrics and propose a novel performance metric based on an already existing test metric from LTE demodulation performance testing. 
Discussion
In this section we evaluate the existing performance metrics and dissect their relevance and applicability to Type II codebooks. 
Impairment models
There is a difference in the impairments modelled for SP Type I (38.101-4 Annex B.2.3.2.3) compared to the proposed baseline for Type II. 
In the agreed WF from RAN4#94-e found in [1] the baseline impairment model for beam steering has been decided to be a reuse of the dual-cluster beam steering model from 36.101 Annex B.2.3B.4A. w.r.t modifications adapted to support L number of beams the model can thus be extrapolated to Equation 1:
Equation 1 Multi-cluster beam steering model
	
And the steering matrix is further expressed as following:


where
-	,  are independent channels for the first beam and the consecutive i beams with the Nr xNt channel matrix per subcarrier.
- 	 is the relative power difference from the first beam.

-	, are the steering matrix for first beam and consecutive i number of beams

-	 is the steering matrix in first dimension with same polarization,

-	 is the steering matrix in second dimension with same polarization,

-	 is the number of antenna elements in first dimension with same polarization,

-	 is the number of antenna elements in second dimension with same polarization,



Proposal 1: Use Equation 1 as beam steering model for Type II codebook performance requirements.
Gain metric using follow PMI compared with random PMI
For Single panel Type I CSI performance requirements, this has been the performance metric. What we are currently seeing for the 16, and 32 port SP Type I cases studied in the Enhanced performance WI are very large gains given the large number of antenna ports. Large gains can be used to showcase good performance, however with Type II codebook supporting multiple beams, the main benefit of the codebook is the large overall system gains for MU-MIMO scenario.
Considering reusing the parameter setup for the 16Tx2Rx FDD test case found in [2] with Type 2 codebook parameters set to the following:

Table 1 Parameters for Type II Codebook configuration
	Parameter
	Value

	L (numberOfBeams)
	2

	NPSK (phaseAlphabetSize)
	4

	subbandAmplitude
	False
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Figure 1 Throughput curve TDLA30 16Tx2Rx FDD
Figure 1 shows the throughput curves with the configured parameters from Table 1, and in [2]. The gain observed at the 90% Throughput mark (SNR = 9.82dB) from following PMI feedback is γ = 3.81. However, the gain does not showcase or validate that the two beams are utilized given this single link scenario. Therefore, Bad DUTs could pass Type II requirements without actually supporting the L number of beams employed by Type II codebook, i.e., reporting the first beam matrix only in Type II PMI.
Observation 1: Gain metric Follow Type II PMI over Random Type II PMI does not verify that L number of beams are transmitted for MU-MIMO support.
Gain metric using follow type II PMI compared with following type I PMI
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[bookmark: _Ref36814316]Figure 2 Throughput comparison between SP Type I and Type II
Figure 2 compares the throughput with the follow type II PMI codebook and type I PMI codebook with TDLA30 with medium/high antenna correlation, which is same metric as Rel-14 LTE advanced PMI reporting test. As can be observed in Figure 2, there is marginal gain when comparing SU-MIMO Type I vs Type II performance. The performance gain from type II is slightly better when configuring medium correlation instead of high correlation, which was also observed when RAN4 defined the advanced PMI reporting test in Rel-14 LTE.
Observation 2: there is marginal gain when comparing SP Type I with Type II codebook with the current SU-MIMO based test setup.
Given the comparison with the beam steering model used for SP Type I, where only one beam is impaired. The performance of Type II will suffer larger impairments compared to what is employed for SP Type I. 
In simulations without beam steering impairment added, we’ve observed performance gains of ~1dB for most TDL based channel models, whereas there are few test cases with beam steering impairments toggled on (single-cluster beam steering for SP Type I, and Multi-cluster beam steering for Type II) which showcases performance gains for Type II codebook over Type I. 
Observation 3: Gain test metric γ by following Type II PMI over SP Type I PMI does see marginal gain for few channel models and channel correlations.
Type II codebook test setup assuming multi-user scheduling
Type II codebook and reporting was designed with higher spatial resolution and support for multiple beams which gives a lot better performance for the MU-MIMO case over Type I. If there were no apparent gains with Type II reporting, Type I would be better to deploy due to it is simpler design which consumes less feedback overhead and has better coverage. 
The purpose of RAN4 is to make sure that we properly test the intent of the features designed from RAN1. From SU-MIMO simulations shown in section 2.3 and contributions from other companies’ comparing Type II with Type I we see marginal gains, yet RAN1 studies have seen significant performance benefits for Type II. If our tests do not reflect the intended use case of type II codebook, then how can it be argued that our RAN4 tests verify Type II codebook performance. 
Proposal 2: Design Type II tests to ensure UE CSI reporting with substantially better performance than Type I reporting for MU-MIMO, in line with the big performance benefits shown in RAN1 evaluations.
Consider gNB receive type-II PMIs from two UEs. If gNB is capable of scheduling two UEs simultaneously, for example, gNB derives the precoder for two UE, , as follows:

Where , and  is the type-II precoder from UE1 and   is the channel information from UE2. Figure 3 illustrates the setup assuming multi-user scheduling. 
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[bookmark: _Ref37279175]Figure 3 Test setup for type-II PMI reporting test assuming multi-user scheduling.

With this multi-user scheduling setup, we verify the PMI reporting by comparing throughput with followed type-II PMI and followed type-I PMI. We also ensure that the channel conditions are representing a more realistic deployment scenario compared to SU-MIMO based test setup. The receiver processing on the UE side does not differ on the PDSCH data. However, the CSI reporting from type II codebook will need to report channel conditions representing multi-user scenario so that the gNB can properly select a precoder and mitigate interference from the co-scheduled UE. If the CSI from the DUT is poorly reported, the performance may not vary significantly between SP type I codebook and type II codebook. Thus, a good UE receiver implementation shall ensure that the CSI from the DUT correctly reports the best PMI value for precoder selection on gNB side. 
One difficulty with this method is how to generate , channel information for co-scheduled UE. One possible option is for the TE internally assumes a certain channel realization given by , where  is the frequency,  is the time, and  is antenna port. We propose RAN4 study the how to specify the precoder calculation part in TS38.101-4 once RAN4 agree to use multi-user scheduling for type-II PMI reporting test. 
Proposal 3: If RAN4 agree to use multi-user scheduling for type-II PMI reporting test, RAN4 study further how to derive precoder based on the type-II PMI feedback from UE under test. 
Proposal 4: Test parameters for Type II codebook may need to be tuned to properly suit MU-MIMO based test setup proposed.
Conclusion
In this paper we’ve discussed and evaluated difference performance metrics for CSI – PMI testing framework for Codebook Type II. We’re also proposing a novel test setup for Type II to more realistically model and take advantage of the MU-MIMO benefits of the Type II codebook. 
Proposal 1: Use Equation 1 as beam steering model for Type II codebook performance requirements.
Observation 1: Gain metric Follow Type II PMI over Random Type II PMI does not verify that L number of beams are transmitted for MU-MIMO support.
Observation 2: there is marginal gain when comparing SP Type I with Type II codebook with the current SU-MIMO based test setup.
Observation 3: Gain test metric γ by following Type II PMI over SP Type I PMI does see marginal gain for few channel models and channel correlations.
Proposal 2: Design Type II tests to ensure UE CSI reporting with substantially better performance than Type I reporting for MU-MIMO, in line with the big performance benefits shown in RAN1 evaluations.
Proposal 3: If RAN4 agree to use multi-user scheduling for type-II PMI reporting test, RAN4 study further how to derive precoder based on the type-II PMI feedback from UE under test. 
Proposal 4: Test parameters for Type II codebook may need to be tuned to properly suit MU-MIMO based test setup proposed.
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