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Introduction
Since RAN1#80, several potential enhancements targeting 2D antenna array are discussed [1].  Five high-level categories of CSI-RS and feedback enhancements were agreed in principal:
· Enhancements related to beamformed CSI-RS-based schemes
· Enhancements related to non-precoded CSI-RS-based schemes
· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS
· Enhancements related to non-codebook based CSI reporting for TDD
· Enhancements related to SRS
Regarding the non-precoded CSI-RS-based schemes, the following was identified in [2]:
This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage.  In this category, a CSI reporting scheme is associated with at least two components: codebook(s) for the purpose of PMI reporting of 2-D antenna arrays and its associated CSI reporting modes. Each precoding matrix or vector within a codebook for CSI reporting can be described as W = W1W2 where W is used as a downlink transmission hypothesis for CSI calculation at a UE. For this dual-stage precoding structure, potential specification enhancements on CSI reporting consists of the following CSI parameters:
· PMI(s) corresponding to W1 and/or W2. Here one or multiple PMIs, such as H-PMI (horizontal dimension) and V-PMI (vertical dimension), are reported for W1 and W2, respectively.  If multiple PMIs are reported, different reporting rates and/or granularities for different PMIs may or may not be used.  
· RI: a single RI or multiple RIs
· CQI
In this contribution, we present our views on enhancements related to non-precoded CSI-RS-based schemes.
Codebook design for 2D antenna array
For non-precoded CSI-RS based schemes, potential enhancement for CSI feedback is to design new codebook applied to a two-dimension antenna array. In RAN1#80bis, several codebook design options were proposed. There were two major options [2]:
· Option-1: Full Kronecker product (KP) codebook 
· Option-2: Partial KP codebook with layer specific and/or polarization specific vertical beam selection 
Both options relies on dual codebook structure and the precoding matrix  is the product of two matrices  and .  Both options assume that the first matrix, , is a Kronecker product of a horizontal grid of beams (GoB), , and a vertical GoB, .  Essentially, the KP of horizontal- and vertical GoBs results in a two-dimensional (2D) GoB, as shown in Figure 1, which represents the long-term/wideband spatial signature of the channel. Each beam in the grid can be thought as a spatially resolvable cluster of the channel. The second matrix, , indicates which beam or beams will be selected out of the two-dimensional grid indicated by , to form the final precoding matrix.   is short-term and can be wideband/or subband-wise.  The beam selection indicates direction of dominant clusters in horizontal and in vertical.  Hence, the codebook for  is in fact an enumeration of hypotheses of cluster direction.  
In Option-1, the KP structure is retained in .  The KP structure implies that the dominant clusters are either in the same vertical direction or the same horizontal direction as shown in Figure 2(a).  Such constraint may shadow some possible cluster distribution when RI is greater than 1 as shown in Figure 2(b).  Clearly, it is possible to have two clusters in different horizontal and vertical directions at the same time.  
In Option-2, the KP constraint in  is relaxed.  Dropping the KP structure constraint from  allows more flexibility.  The hypotheses illustrated in Figure 2(b) can thus selected.
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(a) Hypotheses of dominant clusters with KP structure constraint in W2.
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(b) Precluded hypotheses of dominant clusters due to KP structure in W2.

	Figure 1.  Illustration of two-dimensional GoB indicated by W1.
	Figure 2. Illustration of hypotheses of dominant clusters indicated by W2 (rank-2)
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One issue need to be addressed in the codebook design is the codebook size. Compared to Rel-10 8TX and Rel-12 4TX codebooks, the new codebook design extends the GoB definition from 1D to 2D in order to capture the vertical dimension in addition to the horizontal dimension. If we keep the horizontal GoB defined in Rel-12 as it is and introduce a new vertical GoB on top of that, the total codebook size will be increased in several-folds. Larger codebook size not only means additional bits to be fit into the UCI, but also extra computational effort at the UE side to determine the PMI reporting.  As  needs be updated more frequently to capture instantaneous channel variation, the larger codebook size for  will have a big impact on UE implementation. Therefore it is preferable to keep the second codebook size at a reasonable level as existing Rel-10 8TX codebook, e,g., no more than 16 codebook. The following options may be considered.
· Option-1: Break a 2D GoB down to multiple smaller ones.
· Option-2: Introduce a 2D GoB subset sampling to restrict the effective size of a 2D GoB.
Both options may increase the number of codebook for the first matrix. Since the first matrix is reported in a long-term and wideband manner, the impact of increasing the first codebook size may not be a problem. With Option-1, the KP structure can still be valid for the first matrix  except a small number of horizontal and vertical GoBs.  In Option-2, the KP type 2D GoB indicated by the first PMI is down-sampled to reduce the effective size of the GoB. The second matrix further selects beams from a subset of 2D beams instead of the full GoB. The benefit is to allow flexible down-selection of the 2D GoB with various subset sampling patterns, but the down-sampled first precoding matrix may not have the KP structure. 
Observation 1: The second codebook size will have a big impact on UE implementation compared to the first codebook size.
Performance evaluation
To evaluate the performance benefit of codebook enhancements discussed in Section 2, system-level evaluation has been performed.  We have simulated two codebook structures for 16- and 64-TXRUs virtualized from an (8, 4, 2) cross-polarization 2D antenna element array. For 16-TXRU, 1D TXRU virtualization with 4 antennas is adopted, which results in a (2, 4, 2) TXRU array.  For 64-TXRU, one-to-one mapping between TXRU and antenna is assumed.  
Single CSI feedback is assumed. Non-full-buffer traffic is simulated.  The packet arrival rate, , is selected such that a resource utilization of about {20%, 50%, 70%} is reached with the baseline scheme. We assume subband horizontal PMI feedback based on the Rel-12 8TX codebook, i.e., the horizontal PMI is comprised with a wideband first PMI and several subband second PMI.    
For full KP structure codebook, we use 8 DFT beams to construct .   is designed to select 1 out of the 8 DFT beams.  For partial KP structure codebook, we use the same 8 DFT beams to construct .   is designed to allow layer-wise and/or polarization-wise vertical beam selection. To keep the feedback overhead comparable, there are 7 hypotheses for  and 4 hypotheses for . In Table 1, we summarize the feedback overhead of both full KP and partial KP structure in our simulation. In our simulation, both 1st- and 2nd V-PMIs are reported in a wideband manner.
Table 1:  Feedback overhead comparison for full KP and partial KP codebook structure
	Codebook structure
	1st V-PMI
	2nd V-PMI

	KP structure
	3 bits
	0 bits

	Partial KP structure
	3 bits
	2 bits



In Figure 1, we show performance benefit of full KP codebook and partial KP codebook over the baseline scheme with 16-TXRU.  It shows that both full KP and partial KP codebook outperform the baseline scheme in moderately- and highly loaded scenarios, even with wideband vertical PMI reporting.  In lightly loaded scenarios, full KP codebook provides negligible gain over baseline scheme at 50%-tile and mean UPT, while partial KP codebook shows its benefit over the KP codebook.  
	
	
	


Figure 3. Performance benefit of KP and partial KP codebook over baseline scheme with 16-TXRU.

[bookmark: _GoBack]Observation 2: Compared to baseline, partial KP codebooks provide significant gain in lightly-, moderately-, and highly loaded scenarios.
Observation 3: Compared to KP codebook, partial KP codebook significantly improve performance of both cell-edge and cell center users.
Based on the observations, we propose:
Proposal 1: Partial KP structure should be considered for non-precoded CSI-RS based feedback enhancement.
Proposal 2: A down-sampled first precoding matrix w/ and w/o KP type structure can be considered to allow performance and complexity trade-off.
[bookmark: _Ref378529477]Conclusions
In summary, we discuss non-precoded CSI-RS and feedback enhancements.  Based on the performance evaluation, we observe
Observation 1: The second codebook size will have a big impact on UE implementation compared to the first codebook size.
Observation 2: Compared to baseline, partial KP codebooks provide significant gain in lightly-, moderately-, and highly loaded scenarios.
Observation 3: Compared to KP codebook, partial KP codebook significantly improve performance of both cell-edge and cell center users.
We propose:
Proposal 1: Partial KP structure should be considered for non-precoded CSI-RS based feedback enhancement.
Proposal 2: A down-sampled first precoding matrix w/ and w/o KP type structure can be considered to allow performance and complexity trade-off.
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