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1. Introduction
In RAN1#87, the following agreements are achieved on specific design on Type I codebook in NR MIMO [1].
Agreements:
· For Type I CSI, PMI codebook has at least two stages W = W1W2
· W1 codebook comprises of beam groups/vectors 
· FFS structure and configuration of W1 codebook, e.g. number of ports, grid of beams, orthogonal, non-orthogonal, beam broadening, etc
· FFS frequency granularity of W1 and W2 reporting
· FFS on additional support of W3 (location of W3 matrix is FFS), e.g. multi-panel support, analog beam selection
· Note multi-panel support may be captured in W1, W2 and/or W3
The following working assumption is made on supported number of ports for Type I codebook [1].
Working assumption:
· For Type I, CSI feedback using a PMI codebook for X CSI-RS ports is supported
· Supported values of X are at least 1,2,4,8,12,16,[24],32
· Note: For X=1, Type I does not have PMI feedback
· Support for other values of X is not precluded
· Note the number of ports in CSI-RS resource configuration may not be the same with the number of ports in the PMI codebook
In this contribution, we first discuss unified CSI feedback framework for sub-6GHz and above-6GHz and supported number of CSI-RS ports.  Some detailed designs on configurable codebook to support Type I codebook based feedback are discussed.  


2. Unified CSI feedback framework 
[image: ]
Figure 1 Unified CSI feedback framework using hybrid CSI
Hybrid CSI refers to the case that different CSI feedback techniques are used to obtain long term CSI and short term CSI.  In the discussion on hybrid CSI in Rel-14 eFD-MIMO, it has already been agreed that hybrid CSI with both Class A (i.e. based on non-precoded CSI-RS) and Class B reports (i.e. based on beamformed CSI-RS) is introduced. 
· Class A feedback only contains long-term CSI feedback, i.e., i1 and RI, and it is used to acquire long-term beam information for channel virtualization. As a large number of ports leads to large CSI-RS and CSI overhead, Class A feedback and associated CSI-RS are both better to be configured with long periodicity. Hence the saved overhead can bring performance gain compared with legacy Class A approach.  
· Class B feedback is used to acquire accurate short term CSI based on the virtualized channel.  
We should strive for commonality as well as flexibility considering different implementation methods.  CSI framework using hybrid CSI is a good solution for achieving common CSI framework for hybrid beamforming system and codebook based digital precoding system (which can be regarded as one of the implementation methods for FDD massive MIMO system) as shown in Figure 1.   It is quite common to consider this CSI acquisition flow for hybrid beamforming system e.g. [4].
· For hybrid beamforming system, beam selection is done by using beamformed CSI-RS for beam management in beam sweeping process.  Beam ID or equivalently CRI can be reported to the TRP along with the RSRP-like report.  It is highly flexible since it is up to network’s implementation choice to decide what kind of beamforming weights is used for beam sweeping process. 
· For codebook based digital precoding system, beam selection is done by non-precoded CSI-RS together with W1 codebook.   Similarly, beam ID or equivalently CRI can be reported to the TRP along with the RSRP-like report.  This is expected to have lower computation complexity compared to the full CSI report.  In addition, W1 codebook design should be flexible enough to let gNB configure beams for beam selection e.g. based on different levels of channel reciprocity.
In addition, hybrid CSI can be applied to the case that long-term FDD reciprocity only gives coarse beam range.  Then Class A feedback can be configured with CSR and large number of CSI-RS ports to obtain long-term channel information, and Class B feedback is used to refine the long-term beam information from Class A feedback. Specific More discussion and evaluation of this approach can be given in [2] and [3].
Regardless which above method is used for acquiring long term information, the common part of it is beamformed CSI-RS based Class B solution for acquiring short term channel information.  
Proposal 1:  Hybrid CSI framework is used for common CSI framework considering different levels of channel reciprocity for both sub-6GHz and above-6GHz massive MIMO systems.
3. Supported number of CSI-RS ports
In RAN1#87, a working assumption is made to support 1,2,4,8,12,16,32 CSI-RS ports for Type I codebook.  However, as we analyze and evaluate in [3], hybrid CSI with up to 32-port Class A and no larger than 8-port Class B achieves better performance than legacy Class A. Moreover, only long-term CSI is contained in Class A, which means only long-term CSI requires more than 8-port CSI-RS.   For long-term CSI feedback, we don’t see the necessity of supporting all the cases of 12, 16 and 24 ports.  It is hard for Class A to be scalable to any antenna configuration. Hybrid CSI is a better way to make it scalable to any number of antenna ports. In [3], we also show hybrid CSI with 8 port Class A codebook and 8-port Class B has better performance than 32-port Class A codebook.  Similar solution can be used to make it scalable to 12,16, 24 antennas or even 20 antennas.  The long-term CSI feedback performance of these numbers of ports can be similar after virtualization.   Hence we propose to down-select for 12, 16 and 24 ports for NR Type I codebook.  Further study and decision should be made based on hybrid CSI scheme.    
Proposal 2: Down-selection is needed for 12, 16 and 24 ports in NR Type I codebook.
· Hybrid CSI should be considered for deciding supported number of ports.
4. Flexible and Configurable Type I CSI feedback 
In LTE, PMI-based CSI feedback is built with a set of configurable parameters, e.g., dimensions of CSI-RS ports (N1/N2), oversampling factors (O1/O2), beam group spacing (P1/P2), CodebookConfig and so on. Except N1/N2, other parameters are designed on the target of constructing uniform beam grid for W1, i.e., the constructed beam group can only be uniformly distributed in the spatial domain. As the number of antenna ports increases, this design would lead to inflexibility and unnecessary overhead. 
As discussed in [2], channel reciprocity can be utilized for both FDD and TDD.   In real networks, the levels of channel reciprocity can vary depending on various factors e.g. scenarios, antenna configurations and implementation methods. Therefore,  we have the following proposal:
Proposal 3: Type 1 codebook design should be flexible enough to support different levels of channel reciprocity.
In this subsection, we give several flexible design considerations on Type I codebook in NR. 
2.1 Flexible codebook configuration with CSR
As only a few clusters exist in the channel space when PMI-based CSI shows benefit, only a partial angular range of the entire space needs to be quantized with higher resolution as shown in Fig.1. The angular space outside this angular range only needs very low quantization overhead as it contributes barely to the resulting PMI. Moreover, for both FDD and TDD, this reciprocity on angular domain is valid [2]. Hence based on implementation approaches, gNB can acquire the coarse information of the cluster distribution in the angular domain. Then configurable codebook can be designed in more flexible manner to allow non-uniform beam distribution.


Fig. 1 Non-uniform beam distribution
Codebook subset restriction (CSR) can be used to indicate which subset(s) of the entire codebook space can be used for CSI reporting. Hence all the parameters for beam grid construction, including O1/O2, P1/P2, CodebookConfig and so on, can be indicated through CSR. Moreover, based on a baseline grid of beams, CSR can be used to indicate which angular range can be oversampled with larger factor, and which angular range can be quantized with more coarse beams. Hence configuration based on CSR can achieve similar performance as the current parameterized codebook in LTE with lower overhead. Additionally, with CSR, flexible codebook configuration can be more forward compatible. Then the flexibility and signaling overhead of CSR are important metrics for codebook configuration. One possible configuration approach of CSR is depicted in Fig.2, where two-level configuration structure is used to cope with channel variation.  In higher layer signaling, the baseline beam grid is configured with bit maps of different codebook subsets to indicate coarse beam quantization for the entire codebook set. In L1/L2 signaling, one or more subsets are chosen from the entire configured codebook set, and the beams in the chosen subsets are reconstructed with higher-resolution. 


Fig. 2 Flexible CSR configuration
With flexible CSR design, non-uniform beam distribution is possible for codebook design. We show the benefit of non-uniform beam distribution with SLS. In the simulation, gNB acquires the coarse angular range of each UE based on reciprocity. Simulation results are given in Table I. In Table I, proposed scheme is the flexible CSR scheme where the baseline beam grid is 2*2 oversampled and the beams are 8*4 oversampled in UE’s preferred angular range. It is seen in Table I that proposed scheme achieve similar performance as the legacy codebook. On the other hand, 20% feedback overhead is saved with the proposed scheme. 
Table I Performance evaluation of CSR based CB
	(N1,N2) = (4, 2), FTP Service, UMi Scenario, codebook config 1

	
	RU
	Mean
	5%
	50%

	Legacy CB with (O1,O2) = (8, 4)
	0.5019
	26.35
	6.26
	24.12

	Proposed scheme
	0.5017
	26.41
	6.47
	24.21



Proposal 4: CSR should be used to support flexible codebook configuration in NR.
2.2 Multi-level codebook construction 
As mentioned above, in LTE, the accuracy of the beam selection in PMI-based codebook depends on the configuration of oversampling factors. In order to achieve finer beam through the DFT-based codebook, a large oversampling factor is required. Then the PMI associated with W1 beam would cost larger feedback overhead, which means W1 costs large feedback overhead in one report instance. This would lead to a burst burden of the CSI feedback. Especially in the case that the number of antenna ports is large, this burst burden may touch the limit of the periodic CSI reporting on physical control channel. Therefore, we propose the following multi-level DFT-based codebook to solve this issue. This also provide the flexibility on obtaining different CSI resolution based on the depth of codebook levels. The basic design principle of the multi-level codebook is that the search space of the k-th level codebook is decided by the outcome of the previous levels, and the beam can be refined level-by-level.
The proposed codebook has the following structure 






where  contains beam selection and co-phasing, andindicates the multi-level construction of the beam group. Specifically, is the basic or coarse beam group. Take 1D layout as an example,  is the N-dimension DFT matrix for N antenna ports


The total number of levels K is configured by gNB. For each k={2,…,K}, the k-th level beam construction matrix indicates the phase rotation of the beams in the (k-1)-th level, which is given as 











In the above equation, implies the phase rotation, which can be further expressed as . is the smallest phase rotation unit of the k-th level, which can be decided by gNB configuration. is an integer which is the feedback content of the k-th level. According to the motivation of introducing multi-level beam group construction, beam selection should be more and more accurate as the level increases. Hence we have , where A>1 is a constant configured by gNB, and . Then for k={2,…,K}. The value range for can be configured by the gNB through CSR, or it can be decided by the UE itself based on some specified principles, e.g., . The entire procedure of this codebook-based multi-level beam search is shown in Fig. 3. Based on this multi-level codebook, gNB can achieve flexible accuracy on beam selection. For each codebook level, the PMI overhead is not large, i.e., the burst burden of PMI feedback is avoided. Moreover, number of levels can be flexibly configured by gNB according to its requirement on CSI resolution.  


Fig. 3 Description of the multi-level codebook
Proposal 5: NR can consider the proposed multi-level configurable codebook.
5. Conclusions
In this contribution, we discuss some detailed designs on spatial information feedback framework for NR.  Based on the above discussion and simulations, we have the following proposals.
Proposal 1:  Hybrid CSI framework is used for common CSI framework considering different levels of channel reciprocity for both sub-6GHz and above-6GHz massive MIMO systems.
Proposal 2: Down-selection is needed for 12, 16 and 24 ports in NR Type I codebook.
· Hybrid CSI should be considered for deciding supported number of ports.
Proposal 3: Type 1 codebook design should be flexible enough to support different levels of channel reciprocity.
Proposal 4: CSR should be used to support flexible codebook configuration in NR.
Proposal 5: NR can consider the proposed multi-level configurable codebook.
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Appendix 
Table A Simulation parameters for Macro cell Scenario
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: （M,N,P,Q）=（4,4,2,32）
Receiver: 2Rx cross-polarized antenna at UE

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	Baseline: 5ms for Class A CSI,6RB
Hybrid CSI :5~200ms for Class A, WB
                 5ms for Class B CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 
PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 
With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 
(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP1 model with 0.5Mbyte

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 

is used, 
 based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 
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