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Abstract—In the 3rd generation partnership project (3GPP) 
new radio (NR) system, two types of codebooks, namely type I and 
type II, have been designed. Both types are utilized in the frequency 
division duplexed (FDD) codebook-based system. In the FDD 
codebook based system, the mobile station (MS) estimates channel 
state information (CSI) which includes the rank indicator (RI), the 
precoding matrix indicator (PMI), and the channel quality 
indicator (CQI), and feedbacks the CSI to the base station (BS). 
Although the type II CSI feedback promises more significant 
performance gain than the type I CSI feedback, the computational 
burden to estimate CSI is increased due to the high resolution of the 
type II codebook. This paper proposes a low complexity PMI 
selection scheme of type II codebook for 3GPP 5G NR FDD systems. 
The proposed scheme achieves similar performance to the 
conventional search scheme with a full search while the 
computational complexity is significantly reduced. 

Index Terms—5G NR, RI, PMI, type II codebook, system-level 
simulation 

I. INTRODUCTION 

In 5G new radio (NR) systems, multiple-input multiple-
output (MIMO) transmission is a key technique to improve the 
signal quality and the bandwidth efficiency of a wireless 
communication system. In the 3rd generation partnership project 
(3GPP) NR Release 15, two types of codebooks, namely type I 
and type II, have been specified for downlink (DL) precoding [1]. 
The two types of codebooks have different complexity and 
performance [2, 3]. The type I codebook has low resolution and 
low channel state information (CSI) feedback overhead, while the 
type II codebook has high resolution and high CSI feedback 
overhead [2, 3]. Although the type II codebook has higher CSI 
feedback overhead than the type I codebook, the type II CSI 
feedback owns superior performance gain to the type I CSI 
feedback [2, 3]. 

Both types of codebooks are utilized in the frequency division 
duplexed (FDD) codebook-based system. The codebook-based 
transmission is implemented in NR [1], while the actual 
advantages of MIMO would rely on the accurate CSI at the 
transmitter. For the NR FDD codebook-based system, the base 
station (BS) gets the downlink CSI by the mobile station (MS) 
feedback according to the predefined operations [4]. However, 
the conventional CSI search scheme is a linear searching [5] with 
the computations of the estimated channel on the MS side and the 
candidate precoding matrix. A full search is required. The 
searching space of the conventional codebook search scheme for 
precoding matrix indicator (PMI) search of type II codebook is 
huge because of the high resolution of the type II codebook [5]. 

Moreover, it would cause great power consumption in the MS as 
well. 

In this paper, we propose a low complexity PMI selection 
scheme based on the singular value decomposition (SVD) 
scheme. According to WiSE system-level simulation [6, 7], the 
proposed scheme achieves similar performance to the 
conventional search scheme and reduces the computational 
complexity significantly. In addition,  the proposed scheme still 
provides better performance gain than the type I conventional 
codebook search. 

The remainder of this paper is organized as follows. In section 
II, we give an overview of Release 15 NR type I and type II 
codebooks. In section III, the proposed low complexity scheme 
is described in detail. In section IV, we analyze the complexity of 
the proposed scheme and the conventional scheme of type II 
codebook PMI selection. In section V, we present simulation 
results to demonstrate the efficiency of the proposed scheme. 
Finally, we draw our conclusions in section VI. 

II. SYSTEM MODEL 

The precoding matrix W can be described as a product of two 
matrices W1 and W2 [2]: 

 W = W1 W2 (1) 

where W1 targets wideband (WB) and long term channel 
properties. W2 targets frequency selective and short term channel 
properties. This section gives an overview of Release 15 NR type 
I and type II codebooks [1, 2, 8]. Both types are composed of 2D 
discrete Fourier transform (DFT) based grid of beams and enable 
the CSI feedback for beam selection and PSK based co-phase 
combining between two polarizations. 

A. Type I Single Panel Codebook 

The type I single panel precoding matrices W can be 
expressed as the two matrices W1 and W2. 

 𝑾ଵ = ൬
𝑿ଵ ⊗ 𝑿ଶ 0

0 𝑿ଵ ⊗ 𝑿ଶ
൰ (2) 

W2 performs beam selection and QPSK co-phasing between two 
polarizations. 

𝑿ଵ  is an N1 by L1 matrix with L1 column vectors 𝒗௛  being an 
N1O1 oversampled DFT vector: 

 𝒗௛ = ൣ1 𝑒
ೕమഏ೓

ಿభೀభ … 𝑒
ೕమഏ(ಿభషభ)೓

ಿభೀభ
൧ (3) 
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𝑿ଶ  is an N2 by L2 matrix with L2 column vectors 𝒗௨  being an 
N2O2 oversampled DFT vector: 

 𝒗௨ = ቂ1 𝑒
ೕమഏೠ

ಿమೀమ … 𝑒
ೕమഏ(ಿమషభ)ೠ

ಿమೀమ
ቃ (4) 

𝑿ଵ ⊗ 𝑿ଶ is a N1N2 by L1L2 matrix: 

 𝒗௛,௨,௥ = ቂ𝒗௨ 𝑒
ೕమഏ೓

ಿభೀభ𝒗௨ … 𝑒
ೕమഏ(ಿభషభ)೓

ಿభೀభ 𝒗௨
ቃ

்

 (5) 

L1L2 = L. L is configurable: L ∈ {1, 4}[2]. N1 and N2 are the 
numbers of antenna ports in horizontal and vertical domains. O1 
and O2 are the oversampling factors in both dimensions. h and u 
are horizontal and vertical beam indices. r is the polarization. The 
number of channel state information reference signal (CSI-RS) 
ports, PCSI-RS, is 2N1N2. TABLE I shows the number of CSI-RS 
antenna ports for type I and type II single panel codebook [1]. 

 

TABLE I.  THE NUMBER OF CSI-RS ANTENNA PORTS FOR TYPE I 
AND TYPE II SINGLE PANEL CODEBOOK 

Number of CSI-RS 
antenna ports, PCSI-RS 

(N1, N2) (O1, O2) 

4 (2, 1) (4, 1) 

8 
(2, 2) 
(4, 1) 

(4, 4) 
(4, 1) 

12 
(3, 2) 
(6, 1) 

(4, 4) 
(4, 1) 

16 
(4, 2) 
(8, 1) 

(4, 4) 
(4, 1) 

24 
(4, 3) (6, 2) 

(12, 1) 
(4, 4) 
(4, 1) 

32 
(4, 4) (8, 2) 

(16, 1) 
(4, 4) 
(4, 1) 

 

B. Type II Single Panel Codebook 

Type II single panel codebook supports rank 1 and rank 2, 
respectively. The codebook matrices W of rank 1 and rank 2 [2] 
are represented as:  

For rank 1: 𝑾 = ൤
𝒘෥ ଴,଴

𝒘෥ ଵ,଴
൨ (6) 

For rank 2: 𝑾 = ൤
𝒘෥ ଴,଴ 𝒘෥ ଴,ଵ

𝒘෥ ଵ,଴ 𝒘෥ ଵ,ଵ
൨ (7) 

𝒘෥ ௥,௟ is a weighted linear combination of L orthogonal beams per 
polarization r and rank l as: 

 𝒘෥ ௥,௟ = ∑ 𝒗
௞భ

(೔)
,௞మ

(೔)
,௥

⋅ 𝑝௥,௟,௜
(ௐ஻)

⋅ 𝑝௥,௟,௜
(ௌ஻)

⋅ 𝑐௥,௟,௜
௅ିଵ
௜ୀ଴  (8) 

where 𝒗
௞భ

(೔)
,௞మ

(೔)
,௥

 is an over sampled wideband 2D DFT beam. 

 𝑘ଵ
(௜)

= 𝑂ଵ ⋅ 𝑛ଵ
(௜)

+ 𝑞ଵ (9) 

   𝑘ଶ
(௜)

= 𝑂ଶ ⋅ 𝑛ଶ
(௜)

+ 𝑞ଶ   (10) 

 𝑞ଵ = 0, … , 𝑁ଵ − 1, 𝑛ଵ
(௜)

= 0, … , 𝑂ଵ − 1 (11) 

 𝑞ଶ = 0, … , 𝑁ଶ − 1, 𝑛ଶ
(௜)

= 0, … , 𝑂ଶ − 1 (12) 

The value of L is configurable: 𝐿 ∈ {2, 3, 4}[1, 2], and 𝑝௥,௟,௜
(ௐ஻) 

is the wideband beam amplitude scaling factor set mapping [1] as 
seen in TABLE II, which independently selected for each beam i 
and polarization r and rank 𝑙 [2]. 𝑝௥,௟,௜

(ௌ஻) is the sub-band (SB) beam 
amplitude scaling factor set mapping [1] as seen in TABLE III, 
which independently selected for each beam i and polarization r 
and rank 𝑙 [2]. 𝑐௥,௟,௜ is the sub-band beam combining coefficient 
independently selected for each beam i and polarization r and 
rank 𝑙 [2]. The phase combining coefficient is QPSK or 8PSK [1]. 

 

TABLE II.  WIDEBAND BEAM AMPLITUDE SCALING FACTOR 
INDICES MAPPING 

Indices 0 1 2 3 4 5 6 7 

𝑝௥,௟,௜
(ௐ஻) 0 ඨ

1

64
 ඨ

1

32
 ඨ

1

16
 ඨ

𝟏

𝟖
 ඨ

1

4
 ඨ

1

2
 1 

TABLE III.  SUB-BAND BEAM AMPLITUDE SCALING FACTOR 
INDICES MAPPING 

Indices 0 1 

𝑝௥,௟,௜
(ௌ஻) 0 ඨ

1

2
 

 

III. PROPOSED LOW COMPLEXITY SCHEME 

The search space for PMI search is huge when a full search is 
implemented, especially in the type II codebook. Due to the 
implementation difficulty, we propose a scheme to reduce the 
search complexity of the type II codebook PMI. The design 
principle is to perform SVD on the estimated channel to obtain 
the channel eigenvector. The channel eigenvector is taken as the 
ideal codebook accordingly. The inner product of the ideal 
codebook and the candidate DFT beams is operated to find the 
maximum amplitude value from the inner product results. The 
maximum orthogonal DFT beam is applied to quantify the type 
II codebook PMI. The flow chart of the proposed scheme is 
shown in Fig. 1.  

 

Proceedings, APSIPA Annual Summit and Conference 2021 14-17 December 2021, Tokyo, Japan

1918



 
Fig. 1. The flow chart of proposed scheme. 

 

The steps of the proposed scheme are as follows: 

Step 1: The MS uses the non-precoded CSI-RS to estimate the 
wideband downlink channel 𝑯෡ (ௐ஻). 
 
Step 2: The MS performs SVD on the wideband channel and 

gets the wideband channel eigenvector 𝑽௟
(ௐ஻), 

  𝑯෡ (ௐ஻) = 𝑼(ௐ஻)𝜮(ௐ஻)𝑽௟
ு(ௐ஻) (13) 

where  𝑯෡ (ௐ஻)  is the estimated wideband channel. 𝑼(ௐ஻)  and 

𝑽௟
ு(ௐ஻)  are the unitary matrices. 𝜮(ௐ஻)  is the rectangular 

diagonal matrix. l is the rank. 
 
Step 3: The MS performs an inner product of wideband channel 
eigenvector and all candidate wideband DFT beams 𝒃௛,௨ =

ቂ
𝒗௛,௨,଴

𝒗௛,௨,ଵ
ቃ within the beam group,  

                         dot൫𝑽௟
(ௐ஻)

, 𝒃௛,௨൯ 

 = dot ൭൥
𝑽଴,௟

(ௐ஻)

𝑽ଵ,௟
(ௐ஻)

൩ , ቂ
𝒗௛,௨,଴

𝒗௛,௨,ଵ
ቃ൱ 

 = ൣ𝑽଴,௟
ு(ௐ஻)

𝑽ଵ,௟
ு(ௐ஻)൧ ቂ

𝒗௛,௨,଴

𝒗௛,௨,ଵ
ቃ  

 = 𝑽଴,௟
ு(ௐ஻)

𝒗௛,௨,଴ + 𝑽ଵ,௟
ு(ௐ஻)

𝒗௛,௨,ଵ  

     = 𝛽௛,௨,଴,௟
(ௐ஻)

+ 𝛽௛,௨,ଵ,௟
(ௐ஻)                    

     = 𝐴௛,௨,଴,௟
(ௐ஻)

𝑒௝ఝ೓,ೠ,బ,೗
(ೈಳ)

+ 𝐴௛,௨,ଵ,௟
(ௐ஻)

𝑒௝ఝ೓,ೠ,భ,೗
(ೈಳ)

               

                        = ∑ 𝐴௛,௨,௥,௟
(ௐ஻)

𝑒௝ఝ೓,ೠ,ೝ,೗
(ೈಳ)

ଵ
௥ୀ଴          (14) 

where 𝐴௛,௨,௥,௟
(ௐ஻)

 is the wideband amplitude and 𝜑௛,௨,௥,௟
(ௐ஻)  is the 

wideband phase angle. h and u are horizontal and vertical beam 
indices respectively. r is the polarization and l is the rank. 
 
Step 4: The MS gets the L orthogonal wideband DFT beams 
𝒃

௞భ
(೔)

,௞మ
(೔)  corresponding to L maximum amplitude values after 

performing the inner product. 

 𝐴
௞భ

(೔)
,௞మ

(೔)
,௟

(ௐ஻)
= max

௛,௨
(∑ 𝐴௛,௨,௥,௟

(ௐ஻)ଵ
௥ୀ଴ ) , 𝑖 = 0, … , 𝐿 − 1  (15) 

Step 5: The MS sorts the L wideband DFT beams 𝒗
௞భ

(೔)
,௞మ

(೔)
,଴

 and 

the corresponding polarization beams 𝒗
௞భ

(೔)
,௞మ

(೔)
,ଵ

 to get a 

wideband strongest beam with the maximum amplitude value, 

   𝐴
௞భ

(ೞ)
,௞మ

(ೞ)
,௥,௟

(ௐ஻)
= max

௜
𝐴

௞భ
(೔)

,௞మ
(೔)

,௥,௟

(ௐ஻)
, 𝑖 = 0, … , 𝐿 − 1  (16) 

where 𝐴
௞భ

(ೞ)
,௞మ

(ೞ)
,௥,௟

(ௐ஻)  is the wideband strongest beam amplitude. s 

∈ {0, … , 𝐿 − 1}. 
 
Step 6: The MS excludes the wideband strongest beam 
𝒗

௞భ
(ೞ)

,௞మ
(ೞ)

,௥
 and then determines 2L-1 remaining wideband beams 

amplitude 𝑝௥,௟,௜
(ௐ஻)  based on a normalization function and a 

mapping wideband amplitude table. 

 

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡ 𝑝଴,௟,଴

(ௐ஻)

⋮

𝑝଴,௟,௅ିଵ
(ௐ஻)

𝑝ଵ,௟,଴
(ௐ஻)

⋮

𝑝ଵ,௟,௅ିଵ
(ௐ஻)

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡ 𝐴

௞భ
(బ)

,௞మ
(బ)

,଴,௟

(ௐ஻)
/𝐴

௞భ
(ೞ)

,௞మ
(ೞ)

,௥,௟

(ௐ஻)

⋮

𝐴
௞భ

(ಽషభ)
,௞మ

(ಽషభ)
,଴,௟

(ௐ஻)
/𝐴

௞భ
(ೞ)

,௞మ
(ೞ)

,௥,௟

(ௐ஻)

𝐴
௞భ

(బ)
,௞మ

(బ)
,ଵ,௟

(ௐ஻)
/𝐴

௞భ
(ೞ)

,௞మ
(ೞ)

,௥,௟

(ௐ஻)

⋮

𝐴
௞భ

(ಽషభ)
,௞మ

(ಽషభ)
,ଵ,௟

(ௐ஻)
/𝐴

௞భ
(ೞ)

,௞మ
(ೞ)

,௥,௟

(ௐ஻)

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

, 𝑙 = 0,1 (17) 

Step 7: The MS uses the non-precoded CSI-RS to estimate the 
sub-band downlink channel  𝑯෡ (ௌ஻). 
 
Step 8: The MS performs SVD on the sub-band channel and gets 

the sub-band channel eigenvector 𝑽௟
(ௌ஻), 

  𝑯෡ (ௌ஻) = 𝑼(ௌ஻)𝜮(ௌ஻)𝑽௟
ு(ௌ஻) (18) 

where 𝑯෡ (ௌ஻)  is the estimated sub-band channel. 𝑼(ௌ஻)  and 

𝑽௟
ு(ௌ஻)  are the unitary matrices, and 𝜮(ௌ஻)  is the rectangular 

diagonal matrix. 
 
Step 9: The MS performs an inner product of sub-band channel 
eigenvector and L orthogonal wideband DFT beams 𝒃

௞భ
(೔)

,௞మ
(೔) =

ቈ
𝒗

௞భ
(೔)

,௞మ
(೔)

,଴

𝒗
௞భ

(೔)
,௞మ

(೔)
,ଵ

቉ from Step 4. 
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            dot ቀ𝑽௟
(ௌ஻)

, 𝒃
௞భ

(೔)
,௞మ

(೔)ቁ 

         = dot ൭൥
𝑽଴,௟

(ௌ஻)

𝑽ଵ,௟
(ௌ஻)

൩ , ቈ
𝒗

௞భ
(೔)

,௞మ
(೔)

,଴

𝒗
௞భ

(೔)
,௞మ

(೔)
,ଵ

቉൱ 

         = ൣ𝑽଴,௟
ு(ௌ஻)

𝑽ଵ,௟
ு(ௌ஻)൧ ቈ

𝒗
௞భ

(೔)
,௞మ

(೔)
,଴

𝒗
௞భ

(೔)
,௞మ

(೔)
,ଵ

቉  

         = 𝑽଴,௟
ு(ௌ஻)

𝒗
௞భ

(೔)
,௞మ

(೔)
,଴

+ 𝑽ଵ,௟
ு(ௌ஻)

𝒗
௞భ

(೔)
,௞మ

(೔)
,ଵ

  

         = 𝛽
௞భ

(೔)
,௞మ

(೔)
,଴,௟

(ௌ஻)
+ 𝛽

௞భ
(೔)

,௞మ
(೔)

,ଵ,௟

(ௌ஻)                  

= 𝐴
௞భ

(೔)
,௞మ

(೔)
,଴,௟

(ௌ஻)
𝑒

௝ఝ
ೖభ

(೔)
,ೖమ

(೔)
,బ,೗

(ೄಳ)

+ 𝐴
௞భ

(೔)
,௞మ

(೔)
,ଵ,௟

(ௌ஻)
𝑒

௝ఝ
ೖభ

(೔)
,ೖమ

(೔)
,భ,೗

(ೄಳ)

 

          = ∑ 𝐴
௞భ

(೔)
,௞మ

(೔)
,௥,௟

(ௌ஻)
𝑒

௝ఝ
ೖభ

(೔)
,ೖమ

(೔)
,ೝ,೗

(ೄಳ)

ଵ
௥ୀ଴  (19) 

where 𝐴
௞భ

(೔)
,௞మ

(೔)
,௥,௟

(ௌ஻) is the sub-band amplitude and 𝜑
௞భ

(೔)
,௞మ

(೔)
,௥,௟

(ௌ஻)  is the 

sub-band phase angle. 
 
Step 10: The MS excludes the wideband strongest beam 
𝒗

௞భ
(ೞ)

,௞మ
(ೞ)

,௥
 and then determines 2L-1 remaining sub-band beams 

amplitude 𝑝௥,௟,௜
(ௌ஻)

 based on a normalization function and a 
mapping sub-band amplitude table. 

 

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡ 𝑝଴,௟,଴

(ௌ஻)

⋮

𝑝଴,௟,௅ିଵ
(ௌ஻)

𝑝ଵ,௟,଴
(ௌ஻)

⋮

𝑝ଵ,௟,௅ିଵ
(ௌ஻)

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡ 𝐴

௞భ
(బ)

,௞మ
(బ)

,଴,௟

(ௌ஻)
/𝐴

௞భ
(ೞ)

,௞మ
(ೞ)

,௥,௟

(ௐ஻)

⋮

𝐴
௞భ

(ಽషభ)
,௞మ

(ಽషభ)
,଴,௟

(ௌ஻)
/𝐴

௞భ
(ೞ)

,௞మ
(ೞ)

,௥,௟

(ௐ஻)

𝐴
௞భ

(బ)
,௞మ

(బ)
,ଵ,௟

(ௌ஻)
/𝐴

௞భ
(ೞ)

,௞మ
(ೞ)

,௥,௟

(ௐ஻)

⋮

𝐴
௞భ

(ಽషభ)
,௞మ

(ಽషభ)
,ଵ,௟

(ௌ஻)
/𝐴

௞భ
(ೞ)

,௞మ
(ೞ)

,௥,௟

(ௐ஻)

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

, 𝑙 = 0,1 (20) 

Step 11: The MS excludes the wideband strongest beam 
𝒗

௞భ
(ೞ)

,௞మ
(ೞ)

,௥
and then determines 2L-1 remaining sub-band beams 

phase 𝑐௥,௟,௜ based on a mapping sub-band phase table. 

 

⎣
⎢
⎢
⎢
⎢
⎡

𝑐଴,௟,଴

⋮
𝑐଴,௟,௅ିଵ

𝑐ଵ,௟,଴

⋮
𝑐ଵ,௟,௅ିଵ⎦

⎥
⎥
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡ 𝜑

௞భ
(బ)

,௞మ
(బ)

,଴,௟

(ௌ஻)

⋮

𝜑
௞భ

(ಽషభ)
,௞మ

(ಽషభ)
,଴,௟

(ௌ஻)

𝜑
௞భ

(బ)
,௞మ

(బ)
,ଵ,௟

(ௌ஻)

⋮

𝜑
௞భ

(ಽషభ)
,௞మ

(ಽషభ)
,ଵ,௟

(ௌ஻)

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

, 𝑙 = 0,1 (21) 

With the steps of the proposed scheme, MS can quickly 
determine the type II codebook PMI. 

IV. COMPUTATIONAL COMPLEXITY COMPARISON 

In this section, we compare the complexity of the proposed 
scheme with the conventional scheme. The comparison method 
is to calculate the overhead required for the MS to search the type 
II codebook PMI. We take the number of bits as a quantized 
operation for example. 

 

TABLE IV.  EXAMPLE PAYLOAD CALCULATION FOR 
CONVENTIONAL SCHEME 

 

Rank 1 
conventional 

scheme 
(bits) 

Rank 2 
conventional 

scheme 
(bits) 

Rotation ⌈𝐥𝐨𝐠𝟐(𝑶𝟏𝑶𝟐)⌉ 2 2 

L beam selection 
(𝒍𝒐𝒈𝟐൫𝑵𝟏𝑵𝟐

𝑳
൯) 

0 0 

Strongest coefficient 
⌈𝐥𝐨𝐠𝟐 𝟐𝑳⌉ per rank 

2 4 

WB amplitude 
𝟑 × (𝟐𝑳 − 𝟏) per rank 

9 18 

SB amplitude (1 SB) 
𝟏 × (𝑲 − 𝟏) per rank 

0 0 

SB phase (1 SB) 
𝟑 × (𝑲 − 𝟏) + 

𝟐 × (𝟐𝑳 − 𝑲) per rank 
9 18 

Total (WB + 1SB) 22 42 

 (*) Note: K=4, 4, and 6 for L=2, 3, and 4, respectively 
 

We can see an example payload calculation from TABLE IV 
and TABLE V for the conventional scheme and the proposed 
scheme, respectively. Release 15 type II CSI at L = 2, 8PSK phase 
quantization and 4 ports (𝑁ଵ, 𝑁ଶ, 𝑂ଵ, 𝑂ଶ)  = (2, 1, 4, 1) with 
wideband amplitude requires a modulo operation.  

TABLE V.  EXAMPLE PAYLOAD CALCULATION FOR PROPOSED 
SCHEME 

 

Rank 1 
proposed 
scheme 
(bits) 

Rank 2 
proposed 
scheme 
(bits) 

Rotation ⌈𝐥𝐨𝐠𝟐(𝑶𝟏𝑶𝟐)⌉ 2 2 

L beam selection 
(𝒍𝒐𝒈𝟐൫𝑵𝟏𝑵𝟐

𝑳
൯) 

0 0 

Strongest coefficient 
per rank 

2 3 

WB amplitude 
 per rank 

≈ 5 ≈ 6 

SB amplitude (1 SB) 
 per rank 

0 0 

SB phase (1 SB) 
per rank 

≈ 5 ≈ 6 

Total 
(WB + 1SB) 

≈ 7 ≈ 8 
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In TABLE IV, the PMI search complexity is O(2ଶଶ)  and 
O(2ସଶ) for rank 1 and 2. In TABLE V, it can be observed that 
the PMI search complexity is around O(2଻)  and O(2଼) for rank 
1 and 2. Without a need of a linear search to try all the indices of 
type II codebook, the proposed scheme uses the SVD operation 
to find the maximum orthogonal DFT beams and to determine 

the strongest coefficient, the wideband amplitude 𝑝௥,௟,௜
(ௐ஻) , the 

sub-band amplitude  𝑝௥,௟,௜
(ௌ஻) , and the sub-band phase 𝑐௥,௟,௜ . 

Obviously, the MS implementation complexity is greatly 
reduced, especially at rank 2. 
 

 

V. SIMULATION RESULTS 

We present simulation results via the WiSE simulator [7]. 
TABLE VI shows the parameters for indoor - eMBB 12 TRxP. 
Model A [9]. Fig. 2 and Fig. 3 show the CDF of the channel 
capacity by testing CSI feedback 1000 times.  

In Fig. 2, the performance of the proposed scheme of type II 
QPSK is similar to that of the conventional scheme of type II 
QPSK. Only around 2% performance loss is observed. 
Nevertheless, the simulation execution time of the proposed 
scheme is significantly reduced. The conventional scheme takes 
866.5 seconds, while the proposed scheme only takes 0.02 
seconds. In addition, the proposed scheme of type II codebook 
outperforms the conventional scheme of type I codebook. Around 
8% performance gain is observed.  

In Fig. 3, the performance of the proposed scheme of type II 
8PSK is similar to that of the conventional scheme of type II 
8PSK. Similarly, around 2% performance loss is observed, but 
the execution time is significantly reduced. The conventional 
scheme takes 7275.97 seconds, while the proposed scheme only 
takes 0.03 seconds. The proposed scheme of type II codebook 
still outperforms the conventional scheme of type I codebook. 
More than 9% performance gain is observed. 

TABLE VI.  SIMULATION ASSUMPTION FOR INDOOR-EMBB 

Parameter Value 

Carrier frequency 4 GHz 
BS antenna height 3 m 

Total transmit power 
per TRP 

21 dBm for 10 MHz bandwidth 

MS power class 23 dBm 
Inter site distance 20 m 

TRP antenna 
configuration 

(M, N, P, Mg, Ng; Mp, Np) =  
(4, 4, 2, 1, 1; 2, 1) for 4 ports; 

 
(M, N, P, Mg, Ng; Mp, Np) =  

(4, 4, 2, 1, 1; 4, 2) for 16 ports; 
 

(M, N, P, Mg, Ng; Mp, Np) =  
(4, 4, 2, 1, 1; 4, 4) for 32 ports; 

MS antenna 
configuration 

(M, N, P, Mg, Ng; Mp, Np) =  
(1, 2, 2, 1, 1; 1, 1) for 1 port; 

Antenna element gain 5 dBi for BS; 0 dBi for MS 
MS speeds 100% indoor, 3 km/h 

Noise figure 5 dB for BS; 7 dB for MS 

Parameter Value 

Traffic model Full buffer 

MS density 
10 MSs per TRxP, randomly and 
uniformly dropped throughout the 

geographical area 
Channel model InH_A 

 

 
Fig. 2. Comparison of channel capacity between the proposed 
scheme and the conventional scheme of type II QPSK. 

 

 
Fig. 3. Comparison of channel capacity between the proposed 
scheme and the conventional scheme of type II 8PSK. 

 

The average spectral efficiency and the 5th percentile user 
spectral efficiency are shown in TABLE VII and TABLE VIII 
for 16 and 32 ports, respectively. System-level simulation 
evaluation methodologies are defined [10]. In TABLE VII, the 
values of the average spectral efficiency and the 5th percentile 
user spectral efficiency of the conventional scheme of type I 
codebook are 7.31057 bps/Hz and 0.201394 bps/Hz. The values 
of the average spectral efficiency and the 5th percentile user 
spectral efficiency of the proposed scheme of type II codebook 
are 7.41185 bps/Hz and 0.235819 bps/Hz. Comparing the 
proposed scheme of type II codebook with the conventional 
scheme of type I codebook, the proposed scheme of type II 
codebook has the 1.385% gain in average spectral efficiency, 

Execution Time: 0.02 sec 

Execution Time: 0.03 sec 

Execution Time: 7275.97 sec 

Execution Time: 866.5 sec 
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and the proposed scheme of type II codebook has the 17.09% 
gain in the 5th percentile user spectral efficiency. 

In TABLE VIII, the values of the average spectral efficiency 
and the 5th percentile user spectral efficiency of the conventional 
scheme of type I codebook are 8.03267 bps/Hz and 0.257215 
bps/Hz. The values of the average spectral efficiency and the 5th 
percentile user spectral efficiency of the proposed scheme of 
type II codebook are 8.10049 bps/Hz and 0.321024 bps/Hz. 
Comparing the proposed scheme of type II codebook with the 
conventional scheme of type I codebook, the proposed scheme 
of type II codebook has the 0.844% gain in average spectral 
efficiency, and the proposed scheme of type II codebook has the 
24.808% gain in the 5th percentile user spectral efficiency. 

The WiSE system-level simulation results show that the 
proposed scheme of type II codebook outperforms the 
conventional scheme of type I codebook, especially in the 5th 
percentile user spectral efficiency. 

 

TABLE VII.  COMPARISION OF SPECTRAL EFFICIENCY IN SYSTEM 
LEVEL SIMULATION ANTENNA CONFIGURATION 16 PORTS 

(𝑵𝟏, 𝑵𝟐, 𝑶𝟏, 𝑶𝟐) = (4, 2, 4, 4) 

Codebook 

DL average 
spectral 

efficiency(bps/H
z) 

DL 5th 
percentile user 

spectral 
efficiency(bps/H

z) 
Type I  

(conventional 
scheme) 

7.31057  0.201394  

Type II 
(proposed scheme) 

7.41185  0.235819 

TABLE VIII.  COMPARISION OF SPECTRAL EFFICIENCY IN 
SYSTEM LEVEL SIMULATION ANTENNA CONFIGURATION 32 PORTS 

(𝑵𝟏, 𝑵𝟐, 𝑶𝟏, 𝑶𝟐) = (4, 4, 4, 4) 

Codebook 

DL average 
spectral 

efficiency(bps/H
z) 

DL 5th 
percentile user 

spectral 
efficiency(bps/H

z) 
Type I  

(conventional 
scheme) 

8.03267  0.257215  

Type II 
(proposed scheme) 

8.10049  0.321024  

 

VI. CONCLUSION 

This paper proposes a low complexity PMI selection scheme 
of type II codebook for 3GPP 5G NR FDD systems. Compared 
to the conventional search scheme, the proposed scheme 
achieves a very low computational complexity while 
maintaining comparable performance. The proposed scheme is 
very suitable and feasible for the implementation in 3GPP 5G 
NR FDD systems. 
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