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1 Introduction 

In 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 

In this contribution, we present our views on enhancements related to non-precoded CSI-RS-based schemes. 

2 CSI feedback based on non-precoded CSI-RS 

Non-precoded CSI-RS based CSI feedback can be achieved in a standard transparent manner by leveraging the multiple CSI 

processes framework in Rel-12.  A UE can be configured with two CSI processes, one for horizontal CSI feedback and the 

other for vertical CSI feedback.  As shown in Figure 1(a), the (4, 4, 2) antenna array is virtualized to a (2, 4, 2) TXRU array.  

There are two sets of CSI-RSs.  The vertical CSI-RS is transmitted over a column of co-polarized TXRUs and the horizontal 

CSI-RS is transmitted over a row of TXRUs.  The UE can obtain 𝑯̂H = (𝒉̂H,1 ⋯ 𝒉̂H,𝑁RX
)

𝑇
, the estimate of the 

horizontal partial channel, and  𝑯̂V = (𝒉̂V,1 ⋯ 𝒉̂V,𝑁RX
)

𝑇
, the estimate of the vertical partial channel, where 𝑁RX is the 

number of UE receive antennas.  The UE performs CSI measurement for each CSI process separately.  For the horizontal 

CSI process, the UE reports horizontal PMI/RI and CQI based on 𝑯̂H.  For the vertical CSI process, the UE reports rank-1 

vertical PMI and CQI based on 𝑯̂V.  Since CQIs are reported separately for horizontal and vertical processes, the CQI 

cannot reflect the beamforming gain on the PDSCH which is beamformed from the all the antenna ports. In order to 

determine a proper MCS for PDSCH transmission, the eNB needs to override the reported CQIs with an offset value to 

count the beamforming gain of the full channel. The CQI mismatch will degrade the overall performance of EBF/FD-

MIMO. 

2.1 Joint CSI feedback based on partial channel estimation 

To alleviate the CQI mismatch, UE can do joint CSI measurement by reconstructing the full channel based on partial 

channel.  Under the small ZSD assumption, UE may build its knowledge about the full channel based on 𝑯̂H and 𝑯̂V. 

 𝑯̂ = (𝒉̂V,1 ⊗ 𝒉̂H,1 ⋯ 𝒉̂V,𝑁RX
⊗ 𝒉̂H,𝑁RX

)
𝑇
 

The UE can derive CSI feedback based on 𝑯̂.  Note that this scheme is different from the standard transparent approach, 

where CSI feedback is derived based either on horizontal CSI-RSs or on vertical CSI-RSs.  The CSI is jointly determined by 
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both horizontal- and vertical CSI-RSs.  However, this approach relies on the small ZSD assumption which may not be true 

in certain cases. 

 

(a) Partial non-precoded CSI-RS 

 

(b) Full non-precoded CSI-RS 

Figure 1:  Illustration of association of non-precoded CSI-RSs and a TXRU array. 

 

2.2 CSI feedback based on full channel estimation 

Another potential enhancement of non-precoded CSI-RS is to configure full CSI-RS for channel measurement.  It can be 

thought as a straightforward extension of the conventional CSI feedback.  As shown in Figure 1(b), each TXRU is 

associated with a CSI-RS ports.  It means that the number of CSI-RS ports equals to the number of TXRUs.  To support this 

approach, the UE may need to be configured with more than 8 CSI-RS ports per CSI process. Based on per TXRU CSI-RS, 

the UE can estimate the channel between each CSI-RS port (or each TXRU) and select a precoding matrix from a codebook.  

For 16, 32, and 64 TXRUs, new codebooks need to be defined for CSI feedback. 

Two alternatives can be considered for the new codebook design.  The first option is to design new codebooks for various 

feasible antenna port arrays, which would require lots of specification work.  Not to mention that this approach may lead to 

prohibitive overhead in UL feedback and increase the UE complexity drastically, since the codebook size needs to be 

increased significantly as the number of antenna ports getting large.   

Another option is to introduce a new vertical codebook on top of existing Rel-12 codebook and to jointly use the vertical 

codebook and the Rel-12 codebook for CSI feedback.  The reuse of Rel-12 codebooks as horizontal codebooks are possible 

if the number of horizontal antenna ports is 2, 4, or 8.  In such case, the CSI report contains a horizontal PMI (H-PMI), a 

vertical PMI (V-PMI), a RI and a CQI.  With separate horizontal and vertical codebooks, UE may be configured with 

different time-/frequency granularities for its horizontal- and vertical feedback.  As the two-dimensional CSI is represented 

by one-dimensional horizontal- and vertical PMIs, how to build the full precoding matrix needs to be specified.   

For the vertical codebook design, the impact of TXRU virtualization needs to be studied.  Since the TXRU virtualization is 

an implementation issue, the new vertical codebook shall not depend on any specific TXRU virtualization.  A unified 

vertical codebook design framework shall be considered to support various TXRU configurations.  The total codebook size 
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shall not increase too much so that it is still possible to feedback CSI via PUCCH.  In our companion contribution [2], we 

discuss more details on such scalable codebook design. 

It’s worth noting that beamformed CSI-RS based CSI feedback approach is a special case of non-precoded CSI-RS based 

enhancement, under certain conditions.  If the precoding matrix has a Kronecker product structure, i.e., 𝑾 = 𝑾H ⊗ 𝒘V, 

where 𝒘V is a rank-1 wideband vertical precoding vector, then the precoded channel can be written as 

𝑯𝑾 = 𝑯̃𝑾H, 

where 𝑯̃ = 𝑯(𝑰𝑴 ⊗ 𝒘V).  When wideband vertical PMI feedback is configured, 𝑯̃ is equivalent to the channel “seen” from 

the CSI-RSs beamformed by 𝒘V.  Note that this equivalency is obtained under the ideal channel estimation assumption.   

3 Performance evaluation 

To evaluate the performance benefit of CSI feedback enhancement discussed in Section 2, system-level evaluation has been 

performed.  We have simulated the non-precoded CSI-RS based schemes for 16 TXRUs virtualized from an (8, 4, 2) cross-

polarization 2D antenna element array. We compare the performance benefit of non-precoded CSI-RS and that of beamformed 

CSI-RS.   

For non-precoded CSI-RS, 1D TXRU virtualization is applied to every 4 antennas with the same polarization in each column, 

which results in a (2, 4, 2) TXRU array.  Partial Kronecker product codebook is used for CSI feedback.  Rel-12 8TX codebook 

is reused for horizontal PMI reporting and 8 DFT vectors are used for constructing vertical PMI reporting.  Details about the 

partial Kronecker codebook are discussed in the companion contribution [2].  We assume subband horizontal PMI feedback, 

i.e., the horizontal PMI is comprised with a wideband first PMI and several subband second PMIs.  For the vertical PMI 

feedback, both wideband and subband feedbacks are evaluated.  

For beamformed CSI-RS, 1D TXRU virtualization is applied to the whole column of antennas with the same polarization.  

Two DFT beams are used to virtualize two TXRUs from each column of antennas.  Rel-12 8TX codebook is adopted for CSI 

feedback.  In addition to PMI/RI and CQI, a beam index is periodically reported by the UE to indicate its preference on 

beamformed CSI-RS ports.  Details about beamformed CSI-RS are discussed in the companion contribution [3]. 

Single CSI feedback is assumed for both schemes.  FTP traffic is assumed and the packet arrival rate  is selected such that a 

resource utilization of about 20% is reached with the baseline scheme. The performance evaluation results for 16-TXRU are 

summarized in Table 1.  The full buffer evaluation results for 64-TXRU are listed in Table 2. 

Table 1: Non-full buffer performance benefit with non-precoded CSI-RS and feedback enhancements in 3D-UMi, 

200m ISD, 2GHz (16-TXRU,  = 1.7 packet/cell/s) 

Scheme 
RU 

[%] 

5%-tile UPT 50%-tile UPT Mean UPT 

[Mbps] [%] [Mbps] [%] [Mbps] [%] 

Beamformed CSI-RS 18.8% 12.7  41.2  41.3  

Non-precoded CSI-RS (WB) 16.2% 14.6 15% 48.8 18.4% 44.9 8.7% 

Non-precoded CSI-RS (SB) 15.0% 17.8 40.5% 49.4 19.7% 45.4 10.1% 

 

For 16 TXRU, both non-precoded and beamformed CSI-RS based enhancements are beneficial to cell-edge users.  Even with 

wideband feedback, non-precoded CSI-RS with partial KP codebook still outperforms beamformed CSI-RS, especially for 

cell center users.  Compared to beamformed CSI-RS based enhancement, about 40% and 20% improvements are observed at 

cell-edge and cell center with subband feedback, respectively.   

Observation 1: In case of 16-TXRU, non-precoded CSI-RS with partial KP codebook outperforms beamformed CSI-RS 

based CSI feedback enhancements. 

Proposal 1: For 16-TXRU, non-precoded CSI-RS with partial KP codebook can be considered as a feedback enhancement 

scheme. 
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Table 2: Full buffer performance benefit with different codebook structure in 3D-UMi, 200m ISD, 2GHz (64-TXRU) 

Scheme 
5%-tile UE Spectral Efficiency 50%-tile UE Spectral Efficiency 

[bps/Hz] [%] [bps/Hz] [%] 

Beamformed CSI-RS 0.174  0.565  

Non-precoded CSI-RS (SB) 0.188 8% 0.601 6.4% 

For 64-TXRU, non-precoded CSI-RS provides quite marginal gain compared to beamformed CSI-RS based scheme.  This is 

because the channel is highly correlated in vertical.  Hence, the full channel can be approximated by a beamformed channel 

selected by UE.  Considering that non-precoded CSI-RS based approach may increase the UE complexity to select a PMI 

from to a large codebook size, we slightly prefer beamformed CSI-RS based feedback enhancement in such case. 

Observation 2: In case of 64-TXRU, non-precoded CSI-RS with partial KP codebook provides marginal gain over 

beamformed CSI-RS based CSI feedback enhancements. 

Proposal 2: For 64-TXRU, beamformed CSI-RS based feedback enhancement shall be considered. 

4 Conclusions 

In summary, we discuss non-precoded CSI-RS and feedback enhancements.  Based on the performance evaluation, we observe 

that 

Observation 1: In case of 16-TXRU, non-precoded CSI-RS with partial KP codebook outperforms beamformed CSI-RS 

based CSI feedback enhancements. 

Observation 2: In case of 64-TXRU, non-precoded CSI-RS with partial KP codebook provides marginal gain over 

beamformed CSI-RS based CSI feedback enhancements. 

We propose: 

Proposal 1: For 16-TXRU, non-precoded CSI-RS with partial KP codebook can be considered as a feedback enhancement 

scheme. 

Proposal 2: For 64-TXRU, beamformed CSI-RS based feedback enhancement shall be considered. 
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