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The WI on new radio access technology ‎[1] was agreed in RAN#75 ‎[2] which includes definition of Type I codebook-based CSI acquisition and Type II CSI acquisition among other things. In addition, good progress on defining the CSI feedback was already made during the SI. In the SI phase the Type I feedback was assumed to be a two stage codebook with normal spatial resolution targeting SU-MIMO use cases. For the MU-MIMO use case, different categories for Type II feedback were assumed and can be captured as follows ‎[3]:
	Explicit feedback and/or codebook-based feedback with higher spatial resolution 
-	At least, one scheme is supported from the following Category 1, 2, and/or 3 for Type II CSI.
-	Category 1: precoder feedback based on linear combination codebook
-	Dual-stage W = W1W2 codebook 
-	W1 consists of a set of L orthogonal beams taken from 2D DFT beams
-	W2: L beams are combined in W2 with common W1
-	Category 2: covariance matrix feedback
-	The feedback of channel covariance matrix is long term and wideband
-	A quantized/compressed version of covariance matrix is reported by the UE
-	Quantization/compression is based on a set of M orthogonal basis vectors
-	Reporting can include indicators of the M basis vectors along with a set of coefficients
-	Category 3: Hybrid CSI feedback 
-	Type II Category 1 or 2 CSI codebook can be used in conjunction with LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook)
-	The LTE-Class-B-type-like CSI feedback can be based on either Type I or Type II CSI codebook





In this contribution, commonalities between Type-I PMI feedback and Type-II feedback categories are discussed in light of the most recent agreements. In addition, analysis and simulations on Type-II category 1 and category 2 are provided.

Feedback types and Codebooks 

According to the agreements in ‎[5], at least for the single panel case, the Type-I codebook is a two stage codebook where . Further, the is assumed to be based on 2D DFT matrices and several alternatives on the structure are presented in [3]. At the same time, several alternatives were agreed for the  containing at least co-phasing, basis combination over L beams etc. Separate agreed way forward document ‎[6] proposes utilization of a third matrix to cover multi panel cases. This essentially mitigates the effect of non-uniform arrays.
The Type-II category 1 feedback is also codebook based. In fact, very similar dual stage codebook structures are listed as alternatives as for the Type-I feedback. The possibly wideband is also typically assumed to be based on 2D DFT matrices but different DFT sizes and antenna allocations are listed as alternatives. Again, the  would most likely be a basis combination matrix.
The Type-II category 2 feedback is defined as covariance matrix feedback. One proposal is to use DFT basis vectors in matrix based on similar matrices as in the codebook case in order to reduce the size of the covariance matrix . In other words,  would be quantized and fed back. In another alternative, dominant eigenvectors are quantized using Category 1 codebook. Considering a simplistic case where  it can be observed that at least with linear receiver the Hermitian conjugates of eigenvectors in  are the optimal precoders since  which are the eigenvalues of the channel covariance matrix. Therefore, the best precoders as in the PMI feedback are the conjugates of the fed back dominant eigenvectors. Hence, the main difference is in the feedback optimization method, which compared to the PMI feedback comes from the assumed averaging bandwidths and times of the covariances. In fact, it was agreed during the RAN1 #88 meeting that the category 2 covariance is long term and wideband creating a difference to the feedback calculation method comparing to the category 1 ‎[4], ‎[7]. However, it is not clear if different feedback structure is required to signal the information.  
The Type-II category 3 feedback is defined as hybrid CSI feedback between Type-II CSI codebook and LTE-Class-B-type-like CSI feedback, where the long term could be based on Type-II category 1 CSI codebook, beam selection or reciprocity.
Based on the above both Type-I and Type-II feedback is most likely based on two stage codebook where the  is applying some configuration of 2D DFT vectors. Similarly basis combination is a common assumption considering that limiting to a single vector (L=1) leads to the co-phasing. Many of the differences such as DFT oversampling factors, averaging bandwidths and amount of bits in quantization are related to the parameterization. Even the wideband and long term feedback structure of category 2 is mainly a parameter. On the other hand, targeted number of layers is different between the MU and SU MIMO which differentiate the schemes. Hence, following proposal could be considered:
Proposal 1: Strive to a unified codebook structure between Type-I and Type-II categories 1 and 2 at least for the  and small number of layers. 
Proposal 2: Try to avoid standardization of several feedback methods and consider if differences can be handled by limited set of parameters.

System level simulation results
In this paper, Type-II category 1 codebook based feedback and category 2 covariance based feedback is studied at 30 GHz carrier frequency. Hybrid precoding is applied at 30 GHz and the analog precoding is based on per panel 2D DFT matrices. The simulations also study the use of the  to reduce the matrix size used in the eigenvector calculation as well as being part of the two stage codebook. In the both cases (size reduction of the covariance matrix or the two stage digital precoding), simulated schemes use 4x4 2D DFT matrix  to construct 

Where the same  is used for the different polarizations. Both schemes select L=3 orthogonal basis vectors out of 4. The  is also assumed to be wideband matrix.
In the category 1 case, the subband is a column vector which is selected from the codebook to maximize the received power of a single layer. The codebook is constructed such that the amplitude and phase of each element is quantized by 2 and 3 bits, respectively. Hence, the scheme 1-1 is used.
In the category 2 case, the size of the channel sample covariance  is reduced by  such that and the eigenvectors are calculated. In other words  and each of the 6 elements in the dominant eigenvector is quantized by 2 amplitude and 3 phase bits. The wideband sample covariance is calculated and further time domain averaging may be used. 
Linear MU-MIMO simulations were made using assumptions from Table 2 in order to study the performance of the Type-II feedback. The feedback essentially requires following steps:
1. The analog beamformer feedback. This is assumed to be based on wideband beam sweeping
2. Feedback of the  matrix. Simulations assume that L = 3 orthogonal vectors are selected from size 4 DFT matrix totaling 2 bits of feedback. 
3. The feedback of the  information assuming 2 alternatives:
a. A subband single layer precoder vector. The amplitude and phase of each element is ideal or sampled by 2 and 3 bits, respectively
b. Dominant eigenvector of a wideband and possibly time filtered covariance matrix after compression by . The amplitude and phase of each element is ideal or sampled by 2 and 3 bits, respectively. 
4. The feedback of the CQI value.

The average user throughputs and user throughput CDFs are depicted in Figure 1 and the feedback overhead is summarized in Table 1 including the figure labels. There are results in Figure 1 for both ideal (id.) and quantized (q.) cases for each scheme. It can be observed that category 1 and 2 feedback schemes experience similar loss from the feedback quantization. Moderate time domain filtering was also applied in a separate case by using an IIR filter assuming weight 0.7. It can also be observed that the wideband covariance feedback performs almost as well as the subband codebook feedback because the analog and  precoders are wideband and the MU-MIMO scheme is exploiting primarily analog beams in the user multiplexing reducing the importance of the digital subband feedback. Hence, it could be concluded that in the studied conditions, both feedback categories can utilize similar feedback quantization and one unified solution could be investigated.

[bookmark: _Ref473897610]Observation 1: In the studied conditions, both feedback categories can utilize similar feedback quantization and one unified solution could be investigated.

[bookmark: _Ref471302168]Table 1. Feedback overhead of Category 1 and 2 for 40MHz system bandwidth.
	feedback scheme
	Number of bits

	Subband two stage precoder feedback (cat1) 
	2 + 6 * (2 + 3) * 50 = 1502

	Wideband compressed covariance feedback (cat2), with time filtering (cat2t)
	2 + 6 * (2 + 3) = 32
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[bookmark: _Ref477434847]Figure 1. Average user throughput and user throughput CDF.


Conclusions
In this paper, Type-II category 1 codebook based feedback and category 2 covariance based feedback was discussed arriving to following observation and proposals:
Observation 1: In the studied conditions, both feedback categories can utilize similar feedback quantization and one unified solution could be investigated.
Proposal 1: Strive to a unified codebook structure between Type-I and Type-II categories 1 and 2 at least for the  and small number of layers. 
Proposal 2: Try to avoid standardization of several feedback methods and consider if differences can be handled by limited set of parameters.
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Appendix: Simulation parameters

[bookmark: _Ref465680349]Table 2. Simulation parameters.
	parameter
	value

	scenario
	Urban macro‎[8]‎[9], 200 m ISD

	carrier frequency
	30 GHz

	System bandwidth
	40 MHz

	Subcarrier spacing
	60 kHz

	TRP antenna configuration, (M,N,P,Mg,Ng)
	(4,8,2,2,2)

	UE antenna configuration, (M,N,P,Mg,Ng)
	(2,4,2,1,2) Θmg,ng=90; Ω0,1=Ω0,0+180

	Number of TXRUs
	1 TXRU per panel per polarization

	Analog precoding
	Per panel horizontal and vertical DFT precoding 

	Number of UEs per cell
	10

	MIMO scheme
	MU-MIMO

	UE receiver
	MMSE-IRC

	scheduling
	PF

	Traffic model
	Full buffer
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