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1	Introduction
In RAN4#97-e [1], it was agreed to introduce an SU-MIMO setup to test performance requirements for Rel-16 eType II PMI reporting, under the condition that the test parameters, metric, requirements and procedure are such that a UE employing Type I reporting would fail the test.
To increase the robustness of performance testing, it was agreed to further study a possible additional preliminary requirement that the reported eType II PMI should fulfil to ensure it is not a Type I PMI.
In this contribution, we elaborate on the motivations to introduce this requirement. We discuss the many structural symmetries of a Type I PMI that are missing in eType II and describe how testing for the presence of these symmetries can reveal if a reported PMI in eType II format is, in fact, a Type I PMI.

2	Discussion
In the following we aim at identifying the combinations of values of eType II PMI indicators for which the reported precoder coincides with one of the possible Type I SP precoders. Although these indicator values are legitimate PMI reports for eType II, the probability that the channel conditions are such that an eType II PMI calculation genuinely yields one of the Type I SP precoders is very small. 
Type I and Type II/eType II PMIs share a similar codebook structure. For both codebook types, this is given by
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where  is a  wideband matrix of spatial beams, common across layers, with a polarisation-based Kronecker structure,  is a  subband matrix of combination coefficients and the columns of matrix  of size  represent the subband precoding vectors for the reported layers. In the performance test setup for eType II [1], the transmit array configuration is , with , the number of reported spatial beams , the rank restriction parameter typeII-RI-Restriction-r16 is configured such that the reported rank is .
Note that (1) can also be used to represent all the  precoding vectors for a layer 
	
	(2)


In eType II, where, unlike Type I, only subband reporting can be configured,  is reported after applying a DFT-based compression operation across the  subbands, and is represented as
	
	(3)


where  is a  matrix of combination coefficients and  is a  matrix of DFT vectors. In the performance test setup for eType II, for FDD:  and , for TDD:  and . Therefore, the maximum number of nonzero coefficients that can be reported for each of the two layers is .
However, Type I SP and eType II precoders differ in a number of properties:
· Constant envelope. Type I precoders are constant envelope across all antenna ports for all layers and subbands, by construction. eType II precoders are very unlikely to be constant envelope. The only practical way for a UE to report a constant envelope eType II precoder is to report a single nonzero beam per polarisation per layer and a single nonzero coefficient for each nonzero beam. This implies that the number of reported nonzero coefficients is . However, eType II may choose two different nonzero beams for the two polarisations, whereas in Type I the same beam is used.
· Spatial beam symmetry between polarisations. In Type I, the same spatial beam is used in both polarisations. In eType II, there is no special symmetry between polarisations.
· Phase symmetry between layers. In Type I the co-phasing factors have opposite sign in the two layers and the alphabet for the first layer is limited to . In eType II the phase coefficients do not show any special symmetry and are defined in a 16PSK alphabet.
· Layer orthogonality. Type I precoders for different layers are orthogonal in every subband by construction, even when the same beam is used for two layers. eType II precoders are, in general, nonorthogonal. However, orthogonality in eType II may genuinely occur, for example if a UE uses disjoint sets of nonzero spatial beams for different layers.

Observation 1. A Type I precoder represented in eType II format is characterised by: constant envelope, spatial beam symmetry between polarisations, phase symmetry between layers and layer orthogonality.
Let us now look in more details at the indicator values revealing the symmetries in a Type I SP PMI with rank 2. The precoder consists of two orthogonal cross-polarised beams, one per layer. The same beam is used for both polarisations with a co-phasing factor for the second polarisation. The beam amplitude coefficients are ones for both beams and polarisations. There are two possible codebookMode configurations for the beam selection:  (codebookMode=1) and  (codebookMode=2).
For , Figure 1 shows the oversampled 2D DFT beam grid for , and , and the two selected beams. The beam selection is wideband: beam ‘a’ for layer 1, indicated by indices  and  and beam ‘a’, ‘b’, ’c’, or ‘d’ for layer 2, indicated by index  (see Table 5.2.2.2.1-3 of [4] for the mapping of  to the indices  and ). Co-phasing across polarization is provided per subband, maintaining orthogonality between layers.  is given by
	
	(4)


and the combination coefficient matrix is given by
	
	(5)





[bookmark: _Ref61561600]Figure 1. Oversampled 2D DFT beam grid for , and . In Type I SP PMI with  (codebookMode=1), beam a is selected for layer 1 and beam a, b, c, or d for layer 2.

For , Figure 2 shows the two selected clusters of 4 beams each. The cluster selection is wideband. Cluster ‘a’ is selected for layer 1 and cluster ‘a’, ‘b’, ‘c’, or ‘d’ for layer 2.  is given by
	
	(6)


Beam selection within the wideband cluster and co-phasing across polarization are performed per subband. The corresponding beam is selected from each cluster for both layers to maintain orthogonality and the combination coefficient matrix is given by
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where  is a unit vector which selects one of 4 beams.


[bookmark: _Ref61566783]Figure 2. Oversampled 2D DFT beam grid for , and . In Type I SP PMI with  (codebookMode=2), cluster a is selected at wideband for layer 1 and cluster a, b, c, or d for layer 2.

Note that if the unit vector selecting one of 4 beams in the cluster is the same for all subbands, there is no difference between the two codebook modes 1 and 2.
If we try to represent a Type I SP PMI with eType II codebook parameters, we notice that only the Type I PMIs obtained with codebookMode=1 form a subset of eType II PMI. This is because the 4 beams selected in eType II belong to the same oversampling group, i.e., they are orthogonal, whereas the 4 beams in a cluster, for codebookMode=2, belong to 4 different orthogonal groups.
Observation 2. A Type I PMI obtained with codebookMode=1 can be represented in eType II format. A Type I PMI obtained with codebookMode=2 can only be represented in eType II format if the beam selected in the cluster is the same for all subbands, in which case codebookMode=2 boils down to codebookMode=1.
For codebookMode=1 configuration, a Type I SP PMI can be represented as an eType II PMI by making sure that the only nonzero coefficients are in the beam indicated by the strongest coefficient indicator (SCI), , and the corresponding beam in the other polarisation, . Moreover, the amplitude coefficients are ones in all subbands, hence, in eType II codebook representation, only one frequency domain (FD) component per beam can be nonzero. Note that for the stronger polarisation the FD component is necessarily FD component 0 and the associated nonzero coefficient is 1 by construction. Because there can be only two nonzero coefficients of unit value in  such that the two beams have constant unit amplitude across the subbands, it follows that the reference amplitude for the weaker polarisation is 1. The other reference amplitude is also 1 by construction, as it corresponds to the strongest coefficient. Therefore, the reference amplitude indicator is such that  (see Table 5.2.2.2.5-2 of [4]). As for the orthogonality between the two layers, this condition is satisfied if the two nonzero beams are different between the two layers, i.e., , or they are the same and the phases of the beam in the weaker polarisation of the two layers are in opposition for all subbands. This condition is met if: , where , is the nonzero FD component for the beam in the weaker polarisation of  both layer 1 and 2.

Observation 3. A rank-2 eType II PMI corresponds to a Type I SP PMI if the following conditions are fulfilled
1. Only one frequency domain component per nonzero beam is nonzero and has amplitude coefficient 1 (nonzero beams have constant unit amplitude for all subbands)
2. Only one and the same beam for each polarisation is nonzero, for each layer.
3. The phase coefficients in the weaker polarisations are in opposition and are associated to the same FD component index
These conditions can be verified, for example, by checking that:
·  (2 nonzero coefficients per layer, one per polarisation)
· , for  (reference amplitude for the weaker polarisation is 1, hence the nonzero coefficient in the weaker polarisation is also 1)
· , for , and one value of  (the nonzero beams in the two polarisation are the same for each layer and the corresponding nonzero coefficient is in the same FD component index  for both layers
· , (phase coefficients in the weaker polarisation are in opposition in the two layers)

Observation 4. If the total number of reported nonzero coefficients in eType II PMI is , there are not enough nonzero coefficients to ensure that all polarisations are active, hence these PMI reports should not be considered as valid.
Proposal 1. Introduce a performance requirement for eType II PMI reporting that , for any rank .
Proposal 2. Introduce an additional test requirement in performance testing if . In this case a UE fails the test if all the following conditions are satisfied with probability  (for example: ):
· , for 
· , for , and one value of 
· 


4	Conclusion
Hereafter we summarise the new observations and proposals on some additional performance and test requirements for eType II PMI discussed in this contribution.
Observation 1. 	A Type I precoder represented in eType II format is characterised by: constant envelope, spatial beam symmetry between polarisations, phase symmetry between layers and layer orthogonality.
Observation 2. 	A Type I PMI obtained with codebookMode=1 can be represented in eType II format. A Type I PMI obtained with codebookMode=2 can only be represented in eType II format if the beam selected in the cluster is the same for all subbands, in which case codebookMode=2 boils down to codebookMode=1.
Observation 3. 	A rank-2 eType II PMI corresponds to a Type I SP PMI if the following conditions are fulfilled
1. Only one frequency domain component per nonzero beam is nonzero and has amplitude coefficient 1 (nonzero beams have constant unit amplitude for all subbands)
2. Only one and the same beam for each polarisation is nonzero, for each layer.
3. The phase coefficients in the weaker polarisations are in opposition and are associated to the same FD component index
These conditions can be verified, for example, by checking that:
·  (2 nonzero coefficients per layer, one per polarisation)
· , for  (reference amplitude for the weaker polarisation is 1, hence the nonzero coefficient in the weaker polarisation is also 1)
· , for , and one value of  (the nonzero beams in the two polarisation are the same for each layer and the corresponding nonzero coefficient is in the same FD component index  for both layers
· , (phase coefficients in the weaker polarisation are in opposition in the two layers)

Observation 4. 	If the total number of reported nonzero coefficients in eType II PMI is , there are not enough nonzero coefficients to ensure that all polarisations are active, hence these PMI reports should not be considered as valid.

Proposal 1. 	Introduce a performance requirement for eType II PMI reporting that , for any rank .
Proposal 2. 	Introduce an additional test requirement in performance testing if . In this case a UE fails the test if all the following conditions are satisfied with probability  (for example: ):
· , for 
· , for , and one value of 
· [bookmark: _GoBack]
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