3GPP TSG RAN WG1 Meeting #87                                                                   R1-1611418
Reno, U.S.A., 14th - 18th November 2016

Source: 	ZTE, ZTE Microelectronics
Title:	Downloadable/Configurable codebook for NR MIMO
[bookmark: Source]Agenda Item:	7.1.3.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

1. Introduction
In RAN1#86bis, the following agreements are achieved to support both Type I and Type II spatial information feedback in NR MIMO [1].
Agreements:
· NR supports CSI reporting with two types of spatial information feedback
· Type I feedback: Normal 
· Codebook-based PMI feedback with normal spatial resolution
· Type II feedback: Enhanced 
· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 
· For Type I and II, CSI feedback per subband as well as wideband feedback are supported
· For Type I and II, beam-related feedback can be included
Moreover, RAN1 has reached the following agreements to support MIMO transmission for both uniform array and non-uniform array.
Agreements:
· Study at least the following different multi-panel structures at both TRP and UE
· [bookmark: _GoBack]Uniform array: antenna elements with the same polarization from multiple panels are uniformly distributed in horizontal and vertical dimensions respectively (see Fig.1(a) in R1-1610893 as an example)
· Non-uniform array: antenna elements with same polarization from multiple panels are not uniformly distributed in horizontal or vertical dimension (see Fig.1(b) in R1-1610893 as an example)
· Study the coherent/non-coherent MIMO transmission based on uniform/non-uniform array structure at TRP or UE
· E.g., Codebook design, calibration accuracy, interference measurement, advanced receiver design, interference hypothesis
In this contribution, we discuss some detailed design on configurable codebook to support both Type I and II feedback considering both uniform array and non-uniform array.
2. Discussion on spatial information feedback framework
As introduced in the last section, both uniform array and non-uniform array should be investigated in NR. On the other hand, the legacy codebooks discussed in LTE, e.g., normal-resolution codebook-based PMI feedback (Type I) and high-resolution linear combination codebook (Type II), are designed for uniform array only, where 1D/2D DFT vectors are used to model the spatial correlation among the antenna ports in the entire array. For non-uniform array, as the phase shifts between adjacent antenna ports are not uniform anymore, it’s not sufficient to use LTE-based Type I and Type II codebook design in NR. To solve this issue and enable flexible antenna array deployment in gNB, we propose to consider configurable and downloadable codebook to support both Type I and Type II spatial information feedback.
[image: ]
Fig.1 Antenna array in NR
2.1 Configurable Codebook
In NR, antenna elements are distributed in several rectangular panels as shown in Fig.1. For uniform antenna array, the distance between the adjacent antennas of two neighboring panels is the same as the distance between two adjacent antennas within a panel. Otherwise, it is a non-uniform antenna array. It can be observed that even for non-uniform antenna array, the sub-array in each panel is uniformly distributed. Hence for each panel in the non-uniform array, 1D/2D DFT vectors can be used to model the intra-panel spatial correlation. On the other hand, TXRU virtualization can be one or more TXRU for one pol in each panel. If gNB maps more than one TXRUs to one pol in each panel, non-uniform port distribution occurs. In fact, TXRU virtualization is a gNB implementation issue eventually. Hence, in order to support flexible gNB implementation on TXRU virtualization, non-uniform port distribution should be considered. Moreover, good support for coherent JT in CoMP scenarios also requires investigation on non-uniform port distribution. 
One codebook design approach for the non-uniform array is gNB configures the port grouping pattern for each UE. If the gNB configures only one port group, UE calculates and feeds back CSI based on the DFT codebook or linear combination codebook. Some enhancements on the DFT codebook can be found later in this section, whereas the details for the linear combination codebook are discussed in the companion contribution [2]. If gNB configures more than one port groups, UE employs DFT vectors to model the correlation for each port group, whereas explicit feedback can be used to report the inter-group correlation or phase shift. Additionally, the detailed signaling of port grouping can reuse or be associated with QCL signaling. Another approach to accomplish port grouping is through UE measurement. Specifically, UE measures the RS ports configured by the gNB and perform the detection/estimation of all the ports. Then UE groups the ports with tight correlation into one group and uses DFT vectors to quantize the correlation. For the inter-group CSI feedback, UE can use explicit feedback to quantize the inter-group correlation. In this case, UE needs to report the port grouping results as well as the CSI.
Based on the above discussion, we have the following proposal.
Proposal 1: Use port-grouping based configurable codebook framework to support spatial information feedback in NR.
	- Port-grouping can be performed by gNB or UE.
	- Use DFT-based codebook to quantize intra-group CSI and explicit feedback to quantize inter-group CSI.
	- If only one port group exists for each pol, DFT-based codebook and linear combination codebook are used.
Enhancement of DFT-based codebook
In NR, support of high-resolution CSI is required to give an accurate characterization of the channel matrix, e.g., linear combination based CSI feedback. Usually, high-resolution CSI provides large performance gain in rich scattering scenarios and costs large CSI overhead. The optimization of such scenario is to identify multi-paths.  In non-rich scattering scenarios, e.g., the LOS scenario, optimization can be more on refining the beam pointing to the LOS direction Hence, single beam based DFT-based codebook which costs smaller CSI overhead can be considered in NR. 
To support both linear combination codebook and DFT-based codebook, gNB can configure UE the used codebook type based on its decision of the scenarios. In LTE, the accuracy of the beam selection in DFT-based codebook depends on the configuration of oversampling factors. In order to achieve finer beam through the DFT-based codebook, a larger 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. 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 codebook subset restriction, 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. 2. 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 need.  


Fig. 2 Description of the multi-level codebook
Proposal 2: NR should support the proposed multi-level configurable codebook 
2.2 Downloadable Codebook
In the above configurable codebook, different types of codebook are supported in order to enable flexible gNB antenna deployment and numerous scenarios. Another approach to support more flexible codebook utilization is downloadable codebook. Downloadable codebook has been discussed in RAN1 [3] and introduced in 3GPP2 standard [4]. In downloadable codebook, gNB only needs to configure UE the target codebook size and the starting DL resource of the codebook. Then gNB can transmit the entries of the codebook to UE through downlink data channel in a transparent manner. Upon receiving the codebook, UE calculates and reports codebook indices based on the received codebook.  In order to limit the UE complexity, some rules can be defined to restrict the configuration of downloadable codebook.  For example, it can be based a predefined structure e.g. double-PMI codebook structure.  Quantization level of each codebook element can be defined.   For uplink codebook, gNB should configure the downloadable codebook according to the antenna structure and beamforming capability of UE [5].  gNB can fully control uplink UE beamforming if the codebook also controls analog beamforming.      
Based on this downloadable codebook approach, gNB can use different types of codebook in a flexible manner according to UE capability and antenna configuration of the transmitter side.  Other than that, the the detail of downloadable codebook design is an implementation issue and hence small specification impact is expected. This avoids lengthy standardization process of each new codebook when it sees the need of codebook enhancement in the future. Hence it ensures forward compatibility.  Even downloadable codebook is supported, a minimal set of standardized codebooks can be still considered to support basic transmission before the codebook is downloaded.  In this case, standardized codebook with small number of ports can be sufficient.
Observation: Downloadable codebook supports flexible codebook utilization with small specification effort.
Proposal 3: NR should study downloadable codebook to support flexible codebook utilization.
3. Conclusions
In this contribution, we discuss spatial information feedback framework for NR.  Based on the above discussion and simulations, we have the following proposals and observation.
Observation: Downloadable codebook supports flexible codebook utilization with small specification effort.
Proposal 1: Use port-grouping based configurable codebook framework to support spatial information feedback in NR.
	- Port-grouping can be performed by gNB or UE.
	- Use DFT-based codebook to quantize intra-group CSI and explicit feedback to quantize inter-group CSI.
	- If only one port group exists for each pol, DFT-based codebook and linear combination codebook are used.
Proposal 2: NR should support the proposed multi-level configurable codebook.
Proposal 3: NR should study downloadable codebook to support flexible codebook utilization.
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