w 20187184211 A1 | 00000 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
11 October 2018 (11.10.2018)

(10) International Publication Number

WO 2018/184211 A1l

WIPO I PCT

(51) International Patent Classification:
HO04B 7/04 (2017.01)

(21) International Application Number:

18-2-502 Chang Qing Yuan, 2nd Xisihuan North Road, Bei-
jing 100197 (CN).

(74) Agent: CHINA PATENT AGENT (H.K.) LTD.; 22/F.,

PCT/CN2017/079732 Great Eagle Center, 23 Harbour Road, Wanchai, Hong

(22) International Filing Date: Kong (CN).

07 April 2017 (07.04.2017)  (81) Designated States (unless otherwise indicated, for every
.1e . . kind of national protection available): AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(26) Publication Language: English CA,CH,CL,CN,CO, CR,CU, CZ,DE, DJ, DK, DM, DO,
. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
) ﬁ?pl,‘ca‘g'HINT;L : CSORP(C)IRATéOE [USQSJSQ; 2530 HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
1ssion College Blvd., Santa (lara, Caltlornia (US). KW,KZ, LA,LC,LK,LR,LS, LU, LY, MA, MD, ME, MG,
(72) Inventors; and MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(71) Applicants (for BZ only): HUANG, Min [CN/CN]; Ray- PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
com Information Center, Building A, Floor 8, Intel Compa- SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

ny, Beijing 100086 (CN). YANG, Feng [CN/CN]; BF Ray- TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
com Infotech Park A, No. 2, Kexueyuan South Rd., Haidi- (84) Designated States (unless otherwise indicated, for every

an District, Beijing 100190 (CN). ZHANG, Xu [CN/CN]; kind of regional protection available): ARIPO (BW, GH,

(54) Title: METHODS AND DEVICES FOR PROCESSING A DATA SIGNAL FOR TRANSMISSION TO MULTI-STREAM TER-
MINALS

200

¢

1

M
3 = ﬂo
M2 Y_ /
230 \ f Receivin
g A
= Y Y Y fllerRy [ 91
a4 240 /
’/\) Terminal 1
Precoding X 221
weight T 2 \/1\10
j i Y 220
ay —— ! Y ~
I
Tj iYM Receiving | ay
BS 191 ]I Y filter Rm
!
L7 122 | Terminal K
130 1

AN

120

(57) Abstract: The disclosure relates to a radio transceiver, comprising: a precoder configured to precode a data signal for transmission
to a plurality of multi-stream terminals based on a plurality of precoding weight matrices; and a processor configured to generate for
each terminal in an iterative manner a precoding weight matrix and a transformed channel matrix, wherein the transformed channel
matrix indicates a channel gain between the radio transceiver and the respective terminal transformed by a receive filter matrix of the
respective terminal, wherein the generation of the precoding weight matrix and the transformed channel matrix in a current iteration is
based on the transformed channel matrix generated from a previous iteration.

[Continued on next page]



WO 2018/184211 AT ML) U0 00 0N 00

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2018/184211 PCT/CN2017/079732

METHODS AND DEVICES FOR PROCESSING A DATA SIGNAL FOR
TRANSMISSION TO MULTI-STREAM TERMINALS

FIELD
[0001] The disclosure relates to methods and devices for
processing a data signal for transmission to a plurality of
multi-stream terminals. In particular, the disclosure relates
to a method and a system of multi-user precoding for Massive

MIMO with Multi-Stream terminals.

BACKGROUND
[0002] In future cellular networks (like 4.5G, 5G and
onward), the application of massive MIMO (Multiple Input
Multiple Output) technology, which is characterized by the
utilization of a large number of antennas and transceivers
can greatly increase system capacity, extend cell coverage
and reduce interference level. As shown in Fig. 1, the
downlink signals 111, 112, 121, 122 from base station (BS)
130 are sent to multiple users 110, 120 by dedicated
beamforming with spatial multiplexing, which is called MU-

MIMO (Multi-User MIMO) .

[0003] Due to a growing number of users of such networks
100, there is a need to further increase the spectrum

efficiency and system throughput.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] The accompanying drawings are included to provide a
further understanding of embodiments and are incorporated in
and constitute a part of this specification. The drawings
illustrate embodiments and together with the description
serve to explain principles of embodiments. Other embodiments

and many of the intended advantages of embodiments will be
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readily appreciated as they become better understood by

reference to the following detailed description.

[0005] Fig. 1 is a schematic diagram illustrating a Multi-

User (MU)-MIMO communication system 100.

[0006] Fig. 2 is a block diagram illustrating a MU-MIMO

communication system 200 with multi-stream terminals.

[0007] Fig. 3 is a schematic diagram illustrating an
exemplary method 300 for processing a data signal for

transmission to a plurality of multi-stream terminals.

[0008] Fig. 4 is a flowchart 400 illustrating an exemplary
iterative solution for processing a data signal in a MU-MIMO

communication system according to the disclosure.

[0009] Fig. 5a is a flowchart 500a illustrating an exemplary
parallel processing for each terminal in one iteration for

the iterative solution according to Fig. 4.

[0010] Fig. 5b is a flowchart 500b illustrating an exemplary
successive processing for each terminal in one iteration for

the iterative solution according to Fig. 4.

[0011] Fig. 6 is a flowchart 600 illustrating an exemplary
processing for one terminal in one iteration for the

iterative solution according to Fig. 4.

[0012] Fig. 7 is a block diagram 700 of exemplary device

units implementing the iterative solution according to Fig. 4.
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[0013] Figs. 8a, 8b and 8c are performance diagrams
illustrating the sum capacitance over iteration for the

disclosed solution in comparison with other solutions.

[0014] Figs. 9a, %b and 9c are performance diagrams
illustrating the sum capacitance over SNR for the disclosed

solution in comparison with other solutions.

DETATLED DESCRIPTION
[0015] In the following detailed description, reference is
made to the accompanying drawings, which form a part thereof,
and in which is shown by way of illustration specific aspects
in which the disclosure may be practiced. It is understood
that other aspects may be utilized and structural or logical
changes may be made without departing from the scope of the
present disclosure. The following detailed description,
therefore, is not to be taken in a limiting sense, and the
scope of the present disclosure is defined by the appended

claims.

[0016] It should be noted that the terminology “beam” in this
disclosure may particularly refer to the analog beam
direction instead of the “eigenbeam” obtained by the digital

beamforming technique.

[0017] The following terms, abbreviations and notations will

be used herein:

3GPP: 3rd Generation Partnership Project,

LTE: Long Term Evolution,

RE': Radio Frequency,

UE: User Equipment or mobile station or terminal,

eNodeB: base station,
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MIMO: Multiple Input Multiple Output,
MU-MIMO: Multi-User MIMO.

[0018] The methods and devices described herein may be based
on radio transceivers and radio transceiver circuits in
network nodes such as eNBs, base stations, relay stations and
mobile stations. It is understood that comments made in
connection with a described method may also hold true for a
corresponding device configured to perform the method and
vice versa. For example, 1f a specific method step is
described, a corresponding device may include a unit to
perform the described method step, even if such a unit is not
explicitly described or illustrated in the figures. Further,
it is understood that the features of the various exemplary
aspects described herein may be combined with each other,

unless specifically noted otherwise.

[0019] The methods and devices described herein may be
implemented in wireless communication networks, in particular
communication networks based on mobile communication
standards such as LTE, in particular 4.5G, 5G and beyond. The
methods and devices described below may be implemented in
network nodes and base stations. The described devices may
include integrated circuits and/or passives and may be
manufactured according to various technologies. For example,
the circuits may be designed as logic integrated circuits,
analog integrated circuits, mixed signal integrated circuits,

optical circuits, memory circuits and/or integrated passives.

[0020] The methods and devices described herein may be
configured to transmit and/or receive radio signals. Radio
signals may be or may include radio frequency signals

radiated by a radio transmitting device (or radio transmitter
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or sender) with a radio frequency lying in a range of about 3
Hz to 300 GHz. The frequency range may correspond to
frequencies of alternating current electrical signals used to

produce and detect radio waves.

[0021] The methods and devices described herein may be
configured to transmit and/or receive millimeter wave (mmW)
signals. Millimeter waves are radio waves 1in the
electromagnetic spectrum from about 30 GHz to about 300 GHz.
Radio frequencies in this band have wavelengths from about
ten to one millimeter, giving it the name millimeter band or

millimeter wave.

[0022] The methods and devices described herein after may be
designed in accordance to mobile communication standards such
as e.g. the Long Term Evolution (LTE) standard or the
advanced version LTE-A thereof. LTE (Long Term Evolution),
marketed as 4G LTE and 5G LTE, is a standard for wireless
communication of high-speed data for mobile phones and data

terminals.

[0023] The methods and devices described hereinafter may be
applied in OFDM systems. OFDM is a scheme for encoding data
on multiple carrier frequencies. A large number of closely
spaced orthogonal sub-carrier signals may be used to carry
data. Due to the orthogonality of the sub-carriers crosstalk

between sub-carriers may be suppressed.

[0024] The methods and devices described hereinafter may be
applied in MIMO systems and diversity receivers. Multiple-
input multiple-output (MIMO) wireless communication systems
employ multiple antennas at the transmitter and/or at the

receiver to increase system capacity and to achieve better
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quality of service. In spatial multiplexing mode, MIMO
systems may reach higher peak data rates without increasing
the bandwidth of the system by transmitting multiple data
streams in parallel in the same frequency resources. A
diversity receiver uses two or more antennas to improve the

quality and reliability of a wireless link.

[0025] In the following, embodiments are described with
reference to the drawings, wherein like reference numerals
are generally utilized to refer to like elements throughout.
In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding of one or more aspects of embodiments.
However, it may be evident to a person skilled in the art
that one or more aspects of the embodiments may be practiced
with a lesser degree of these specific details. The following

description is therefore not to be taken in a limiting sense.

[0026] The wvarious aspects summarized may be embodied in
various forms. The following description shows by way of
illustration various combinations and configurations in which
the aspects may be practiced. It is understood that the
described aspects and/or embodiments are merely examples, and
that other aspects and/or embodiments may be utilized and
structural and functional modifications may be made without

departing from the scope of the present disclosure.

[0027] Fig. 2 is a block diagram illustrating a MU-MIMO
communication system 200 with a base station transceiver 130
and multi-stream terminals 110, 120, e.g. user equipments
(UEs). The BS transceiver 130 includes a precoding weight T,
240 for precoding a data signal a:, ..., au to generate a

dedicated beamformed data signal x. The beamformed data
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signal x is transmitted by multiple antenna ports 231 to a
plurality of multi stream terminals 110, 120. Each of these
terminals 110, 120 includes multiple antenna ports 211, 221
for receiving a corresponding multi-stream data signal, e.qg.
the downlink signals 111, 112 corresponding to first and
second antenna beams for Terminal 1, 110 and the downlink
signals 121, 122 corresponding to first and second antenna
beams for Terminal K, 120. Fig. 2 depicts an exemplary number
of K terminals 110, 120. K can be any integer number, for
example 1, 2, 3, 4, 5, etc. The number of antenna ports 231
for the base station transceiver 130 can be any integer
number and also the number of antenna ports 211, 221 for each
terminal 110, 120 can be any integer number. Different
terminals 110, 120 can have the same number or a different
number of antenna ports 211, 221. The BS transceiver 130 thus
implements dedicated beamforming with spatial multiplexing,

i.e. MU-MIMO transmission.

[0028] The BS transceiver 130 generates a dedicated beam by
precoding weight vector/matrix for the UE 110, 120. There
are different solutions for implementing the BS transceiver
130. One approach is to assign a channel state information
(CSI)-reference signal (RS) to the common beams or
dedicated beams. Then the UE can measure these reference
signals and report the index of beams or their codebook
that most fit itself downlink channel. However, due to
restricted number of reference signals, restricted size of
codebook and limited UL feedback bandwidth, eNB can only
obtain partial information about channel response matrix.
The other approach is to configure the UE to send sounding
reference signal (SRS), and then make the eNB estimate the
uplink channel matrix and apply it in downlink according

to downlink-uplink channel reciprocity. This method can
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obtain the full intra-cell channel information, except

inter-cell co-channel interference.

[0029] Because the multiple users cannot make joint
receiving processing in downlink transfer, the inter-user
interference should be thoroughly mitigated by
transmitting processing at the BS transceiver 130. This
requires high accuracy of channel response matrix, which
can be provided by the above-mentioned solution based on

uplink SRS.

[0030] Since the terminals 110, 120 that join MU-MIMO
transfer require high channel signal-noise-ratio (SNR),
they normally locate at the cell center. Thus, the
interference from neighbor cells to them are normally very
weak and the precoding weight generation only from current

cell CSI is mostly sufficient.

[0031] When each terminal 110, 120 has only one receiving
antenna, it can at most have one spatial stream, so its
precoding matrix generation only needs to consider the
mitigation of inter-user interference from other terminals.
In this case, normally the solution based on per-stream
minimum mean squared error (MMSE) precoding weight matrix
is adopted. But when each terminal 110, 120 is equipped
with multiple receiving antenna ports 211, 221, the
precoding matrix generation may need to additionally
consider intra-user parallel multi-stream transfer, but
such per-stream MMSE method is unable to utilize joint
multi-stream receiving processing and thus suffers from

capacity loss.



WO 2018/184211 PCT/CN2017/079732

[0032] A second approach is based on channel matrix block-

w

diagonalization (BD), which may be referred to as “per-
user zero-forcing (ZF) method”. Specifically, it tries to
maximize intra-user capacity by utilizing joint multi-
stream receiving processing while forcing the inter-user
interference to zero. Since there is no closed-form
solution of such multi-parameter optimization problem, an
iterative solution is provided in this approach. However,
it can be shown in theory and in simulation (see Figs. 8a,
8b, 8c) that such method does not control the latter
iteration’s operation within a restricted scope provided

by former iteration, i1t fails to guarantee the iteration

convergence.

[0033] A third approach is based on per-user MMSE
criterion and per-stream MMSE criterion, which is also an
iterative processing due to lack of closed-form solution.
Though it is proved to be convergent, it can only get to
local optimum but it cannot be guaranteed to reach the
global optimum (see Figs. 9a, %b, 9c below). Another
severe issue that impacts its practicality is its long
convergence process which may need tens of iteration steps.

This would greatly increase the computation complexity.

[0034] To overcome the shortage of the above-mentioned

solutions, a new iterative per-user ZF method is disclosed
hereinafter which is based on the subspace inheritance

between the two consecutive successive iterations, so that
the convergence of processing iterations can strictly hold.
Hence, the capacity of multi-user massive-MIMO system can
be improved, and such gain is increased with the number of

per-user receliving antennas.
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[0035] In the following a radio transceiver implementing this
new iterative per-user ZF method that is based on the
subspace inheritance is described. The radio transceiver
can be implemented as a base station radio transceiver 130
as shown in Fig. 200. However, the radio transceiver can
also be implemented in any radio cell, e.g. for a sidelink
in a device-to-device (D2D) communication scenario. In the
following, the radio transceiver is described with respect

to Fig. 2 as a BS radio transceiver 130.

[0036] The radio transceiver 130 includes a precoder 240 and
a processor 230. The precoder 240 may be integrated with the
processor 230 or may be a separate processing unit. The
precoder 240 is configured to precode a data signal ai, ...,
ay for transmission to a plurality of multi-stream terminals
110, 120 based on a plurality of precoding weight matrices T..
The processor 230 is configured to generate for each terminal
110, 120 in an iterative manner a precoding weight matrix Ty
and a transformed channel matrix. The transformed channel
matrix indicates a channel gain between the radio transceiver
130 and the respective terminal 110, 120 transformed by a
receive filter matrix R: 210, Ry 220 of the respective
terminal 110, 120. I.e., Terminal 1, 110 includes receive
filter matrix R; 210, Terminal K, 120 includes receive filter
matrix Ry 220, and further terminals not depicted in Fig. 2
include further receive filter matrices. The generation of
the precoding weight matrix and the transformed channel
matrix in a current iteration is based on the transformed
channel matrix generated from a previous iteration, e.g. as

described below with respect to Figs. 3 to 7 in more detail.

[0037] The processor 230 may be configured to generate the

transformed channel matrix based on subspace inheritance
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between two successive iterations. The processor 230 may be
configured to determine the transformed channel matrix of a
respective terminal 110, 120 in the current iteration based
on the receive filter matrices 210, 220 of the respective
terminal 110, 120 from all previous iterations, e.g. as

described below with respect to Figs. 3 to 7.

[0038] The processor 230 may be configured to restrict a
signal subspace of the transformed channel matrix in the
current iteration within the signal subspace of the
transformed channel matrix from the previous iterations. The
processor 230 may be configured to generate the precoding
welght matrix and the transformed channel matrix for a number
of iterations until a stopping criterion is fulfilled, e.g.
as described below with respect to Figs. 3 to 7. The stopping
criterion may be fulfilled if a number of parallel streams
whose transmit power 1s non-zero for each terminal is
convergent. For example, the stopping criterion may be

fulfilled after a number of two or three iterations.

[0039] The radio transceiver 130 may include a receiver to
receive feedback from the plurality of terminals 110, 120.
The feedback may include information about the channel gains.
The processor 230 may be configured to initialize the receive
filter matrix 210, 220 of the respective terminal 110, 120 in
a first iteration to a predetermined matrix, e.g. as

described below with respect to Figs. 3 to 7.

[0040] The processor 230 may be configured to generate the
transformed channel matrix in the first iteration based on a
natural channel matrix, i.e. a matrix having entries which
include raw channel gains between the radio transceiver 130

and the respective terminal 110, 120 without any transmitting
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signal processing or receiving signal processing, e.g. as
described below with respect to Figs. 3 to 7. The raw channel
matrix may include the channel gains between the antenna
ports 231 of the radio transceiver 130 and the antenna ports

211, 221 of the corresponding terminals 110, 120.

[0041] The processor 230 may be configured to generate a
composite co-channel matrix for a specific terminal, e.qg.
Terminal 1, 110 in the current iteration based on combining
the transformed channel matrices of all other terminals from
the previous iteration, e.g. as described below with respect
to Figs. 3 to 7. The processor 230 may be configured to
determine null subspace dimensions of the composite co-
channel matrix, e.g. as described below with respect to Figs.
3 to 7. The processor 230 may be configured to project the
transformed channel matrix of the specific terminal 110 onto
the null subspace dimensions of the composite co-channel
matrix to generate a post-projection transformed channel

matrix, e.g. as described below with respect to Figs. 3 to 7.

[0042] The processor 230 may be configured to generate
singular values and singular vectors of the post-projection
transformed channel matrix, e.g. as described below with
respect to Figs. 3 to 7. The processor 230 may be configured
to generate the receive filter matrix 210 of the specific
terminal 110 based on dominant singular values and singular
vectors of the post-projection transformed channel matrix,
e.g. as described below with respect to Figs. 3 to 7. The
processor 230 may be configured to allocate a transmit power
for the specific terminal 110 onto a number of parallel
streams which correspond to signal subspace directions which

is spanned by the singular vectors of the post-projection
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transformed channel matrix, e.g. as described below with

respect to Figs. 3 to 7.

[0043] The processor 230 may be configured to remove rows in
the receive filter matrix 210 of the specific terminal 110
which correspond to the streams whose allocated transmit
powers are zero, e.g. as described below with respect to Figs.
3 to 7. The processor 230 may be configured to update the
precoding weight matrix in the current iteration based on the
null subspace dimensions of the composite co-channel matrix
from the previous iteration, e.g. as described below with
respect to Figs. 3 to 7. The processor 230 may be configured
to update the transformed channel matrix in the current
iteration based on a combination of the receive filter matrix
210, 220 in the current iteration with the transformed
channel matrix from the previous iteration, e.g. as described

below with respect to Figs. 3 to 7.

[0044] Fig. 3 is a schematic diagram illustrating an
exemplary method 300 for processing a data signal for

transmission to a plurality of multi-stream terminals.

[0045] The method 300 includes precoding 301 a data signal,
e.g. a data signal ai, ..., am as described above with
respect to Fig. 2, for transmission to a plurality of multi-
stream terminals, e.g. multi-stream terminals 110, 120 as
described above with respect to Fig. 2, based on a plurality
of precoding weight matrices. The precoding 301 may be
performed by a precoder 240 as described above with respect

to Fig. 2.

[0046] The method 300 further includes generating 302 for

each terminal 110, 120 in an iterative manner a precoding
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weight matrix and a transformed channel matrix, wherein the
transformed channel matrix indicates a channel gain between a
base station, e.g. a base station including the radio
transceiver 130 as described above with respect to Fig. 2,
and the respective terminal 110, 120 transformed by a receive
filter matrix 210, 220 of the respective terminal 110, 120.
The generation of the precoding weight matrix and the
transformed channel matrix in a current iteration is based on
the transformed channel matrix generated from a previous

iteration.

[0047] The method 300 may further include generating the
transformed channel matrix based on subspace inheritance
between two successive iterations, e.g. as described above
with respect to Fig. 2. The method 300 may further include
determining the transformed channel matrix of a respective
terminal in the current iteration based on the receive filter
matrices of the respective terminal from all previous
iterations, e.g. as described above with respect to Fig. 2.
The method 300 may further include restricting a signal
subspace of the transformed channel matrix in the current
iteration within the signal subspace of the transformed
channel matrix from the previous iterations, e.g. as

described above with respect to Fig. 2.

[0048] The method 300 may further include generating the
precoding weight matrix and the transformed channel matrix
for a number of iterations until a stopping criterion is
fulfilled, e.g. as described above with respect to Fig. 2.
The stopping criterion may be fulfilled if a number of
parallel streams whose transmit power is non-zero for each
terminal is convergent. The stopping criterion may be

fulfilled after a number of two or three iterations.
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[0049] The method 300 may further include receiving feedback
from the plurality of terminals 110, 120, wherein the
feedback comprises information about the channel gains. The
method 300 may further include initializing the receive
filter matrix 210, 220 of the respective terminal 110, 120 in
a first iteration to a predetermined matrix, e.g. as
described above with respect to Fig. 2 or below with respect

to Figs. 4 to 7.

[0050] The method 300 may further include generating the
transformed channel matrix in the first iteration based on a
natural channel matrix, wherein the entries of the natural
channel matrix comprise raw channel gains between the base
station and the respective terminal without any transmitting
signal processing or receiving signal processing, e.g. as
described above with respect to Fig. 2 or below with respect
to Figs. 4 to 7. The method 300 may further include
generating a composite co-channel matrix for a specific
terminal in the current iteration based on combining the
transformed channel matrices of all other terminals from the
previous iteration. The method 300 may further include
determining null subspace dimensions of the composite co-
channel matrix, e.g. as described above with respect to Fig.
2 or below with respect to Figs. 4 to 7. The method 300 may
further include projecting the transformed channel matrix of
the specific terminal onto the null subspace dimensions of
the composite co-channel matrix to generate a post-projection
transformed channel matrix, e.g. as described above with

respect to Fig. 2 or below with respect to Figs. 4 to 7.

[0051] The method 300 may further include generating singular

values and singular vectors of the post-projection
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transformed channel matrix. The method 300 may further
include generating the receive filter matrix 210 of the
specific terminal 110 based on dominant singular values and
singular vectors of the post-projection transformed channel
matrix, e.g. as described above with respect to Fig. 2 or
below with respect to Figs. 4 to 7. The method 300 may
further include allocating a transmit power for the specific
terminal onto a number of parallel streams which correspond
to signal subspace directions which is spanned by the
singular vectors of the post-projection transformed channel
matrix, e.g. as described above with respect to Fig. 2 or

below with respect to Figs. 4 to 7.

[0052] The method 300 may further include removing rows in
the receive filter matrix of the specific terminal which
correspond to the streams whose allocated transmit powers are
zero. The method 300 may further include updating the
precoding weight matrix in the current iteration based on the
null subspace dimensions of the composite co-channel matrix
from the previous iteration. The method 300 may further
include updating the transformed channel matrix in the
current iteration based on a combination of the receive
filter matrix in the current iteration with the transformed
channel matrix from the previous iteration, e.g. as described
above with respect to Fig. 2 or below with respect to Figs. 4

to 7.

[0053] Fig. 4 is a flowchart 400 illustrating an exemplary
iterative solution for processing a data signal in a MU-MIMO

communication system according to the disclosure.

[0054] The disclosed solution solves the problem of MU-

MIMO transmission from one transmitting node to multiple
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receiving nodes simultaneously. It can be applied for
example in the downlink transfer of massive-MIMO system,
the interactive communication of Device-to-Device (D2D)
systems (like V2X service in Internet of Vehicles), the
wireless backhaul in relay systems, the wireless front-

haul in Cloud-RAN systems, etc.

[0055] The disclosed solution can be applied for the
transmitter, e.g. the transmitter of transceiver 130
depicted in Fig. 2, to generate the precoding weights for
multi-stream receivers, e.g. receivers of terminals 110,
120 depicted in Fig. 2, when all the channel information
are available at the transmitter. Without loss of
generality, here the massive MIMO scenario is used as
example. Then, in the following context, the multi-stream
receivers can be named as terminals, e.g. terminals 110,
120 as described above with respect to Fig. 2, while the
transmitter can be named as base station (BS), e.g. base
station BS as shown in Fig. 2. The disclosed solution

includes blocks as described in the following.

[0056] 1) In the beginning, initialize 401 the incremental
receiving filter matrix for each terminal, and generate
the transformed channel response matrix by left-
multiplying the incremental receiving filter matrix onto
the natural channel matrix. Here the “natural” channel
matrix denotes the matrix whose entries are the raw
channel gains from the transmitting antenna to the
receiving antenna without any transmitting or receiving
signal processing. The “transformed” channel matrix
denotes using a certain receiving processing by linear
filter, so that in view of transmitter is the filtered

result of the natural channel matrix.
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[0057] 2) Next, iteratively generate the new incremental
receiving filter matrix, and then update the transformed
channel matrix for each terminal by left-multiplying the
new incremental receiving filter matrix onto the previous
transformed channel matrix in last iteration. The
precoding weight matrix for each terminal is also
generated in the process. The iterations continue until
the numbers of parallel streams for each terminal are no
longer changed. In Fig. 4 a first iteration 410 including
updates 411, 412, 413 for each terminal, a second
iteration 420 including updates 421, 422, 423 for each
terminal, up to an I-th iteration 430 including updates

431, 432, 433 for each terminal are illustrated.

[0058] a) The operations of updating the transformed
channel response matrices and the precoding weight
matrices for one terminal (called the concerned terminal)
in one iteration, i.e. each of the blocks 411, 412, 413,
421, 422, 423, 431, 432, 433 may include the steps or
blocks 601, 602, 603, 604, 605, 606 as shown in Fig. 6:

Step 1, 601: combine the transformed channel matrixes of
all other terminals to form the composite co-channel

matrix and calculate its null subspace;

Step 2, 602: project the transformed channel matrix of the
concerned terminal onto the calculated null subspace of
all other terminals and calculate its post-projection

signal subspace;
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Step 3, 603: decompose the calculated post-projection
signal subspace of the concerned terminal into a number of

parallel streams and allocate the transmit power to them;

Step 4, 604: generate the incremental receiving filter
matrix in accordance with the calculated post-projection
signal subspace and the allocated transmit power of the

concerned terminal;

Step 5, 605: update the precoding weight matrix of the
concerned terminal by right-multiplying the right singular
vectors of the calculated post-projected signal subspace
whose allocated transmit power is non-zero onto the

calculated other terminals’ null subspace;

Step 6, 606: update the transformed channel matrix by
left-multiplying the generated incremental receiving
filter matrix onto the transformed channel matrix that is

generated in last iteration.

[0059] b) The precoding weight update for all the
terminals 511, 512, 513 in one iteration, i.e. between a
previous iteration 510 and a next iteration 514 can be
performed in parallel 500a as shown in Fig. ba or
successively 500b as shown in Fig. bb. In Figs ba and 5b
the blocks 511, 512, 513 may correspond to the blocks 411,
412, 413 when considering the first iteration 410 or to
the blocks 421, 422, 423 when considering the second
iteration 420 or to the blocks 431, 432, 433 when
considering the I-th iteration 430, where I can be any

integer number.
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[0060] The iterations converge when a stopping criteria is

satisfied 440.

[0061] When comparing computation complexity, the disclosed
subspace inheritance based solution has a higher
computational complexity than the per-stream MMSE solution
as described above with respect to Fig. 2, but a lower
complexity than the per-user MMSE solution as described
above with respect to Fig. 2. Though the same categorized
as “per-user ZF” like processing, the disclosed subspace
inheritance based solution is significantly distinct from the
above-mentioned ZF-based solution as described in the
following with respect to the three aspects: A) The update
of the transformed channel response matrix and precoding
weight matrix in one iteration; B) The generation of
receiving filter matrix; and C) The iteration stopping

criterion.

[0062] A.1) For the ZF-based solution (without subspace
inheritance): Updating the transformed channel matrix of
the concerned terminal in one iteration is based on its
natural channel matrix, and thus the new transformed
channel response matrix of the current iteration is
irrelevant to the receiving filter matrixes of this
terminal in any previous iteration. So the new generated
signal subspace in the current iteration may not be
contained by the legacy signal subspace in the previous
iterations, and thus the inter-user orthogonality built by
the previous iteration no longer hold in the current
iteration. This would cause iteration fluctuation and be
unable to make convergence to a robust and high-

performance result.
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[0063] A.2) For the subspace inheritance based solution
according to the disclosure: Updating the current
transformed channel matrix of the concerned terminal in
one iteration is based on its previous transformed channel
matrix in last iteration, and thus the new transformed
channel matrix of the current iteration contains the
receiving filter matrixes of this terminal in all previous
iterations. So the new generated signal subspace in the
current iteration is strictly restricted within the legacy
signal subspace in the previous iterations, and thus the
inter-user orthogonality built by the previous iteration
could be kept in the current iteration. This mechanism can
avold the iteration fluctuation and guarantee the absolute

convergence.

[0064] B.1l) For the ZF-based solution (without subspace
inheritance): Receiving filter matrix of each iteration is
standalone. So the orthogonality along with the iteration

might be broken or interrupted.

[0065] B.2) For the subspace inheritance based solution

according to the disclosure: Receiving filter matrix of all
iterations are accumulated to form the convergent receiving
filter matrix. This could maintain the orthogonality along

with the iteration.

[0066] C.1) For the ZF-based solution (without subspace
inheritance): The iteration stopping criterion is the
steadiness of the exact content of transformed channel matrix
and the precoding weight matrix. The per-element comparison
between two matrixes of last iteration and current iteration

need considerable extra computation.
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[0067] C.2) For the subspace inheritance based solution
according to the disclosure: The iteration stopping criterion
is the steadiness of only the number of parallel streams for
each terminal, but not the exact content of transformed
channel matrix/precoding weight matrix. This stopping
criterion is quite simple and requires trivial additional

calculation.

[0068] More concrete derivations are given in the following

detailed description with respect to Fig. 7.

[0069] Fig. 7 is a block diagram 700 of exemplary device
units implementing the iterative solution according to Fig. 4.
For example, the subspace inheritance based solution
according to the disclosure may be implemented in a processor
230 of a radio transceiver 130 as described above with
respect to Fig. 2. The processor 230 may include the four
processing blocks 701, 702, 703, 704 as depicted in Fig. 7. A
first processing block 701 may implement a storing unit of
transformed channel matrix for each terminal. A second
processing block 702 may implement a generating unit of
incremental receiving filter matrix and renewed precoding
welght matrix. A third processing block 703 may implement a
generating unit of transformed channel matrix for each
terminal. A fourth processing block 704 may implement an
allocating unit of transmit power among parallel streams of
one terminal. These four processing blocks 701, 702, 703, 704
may interact in order to perform the subspace inheritance
based solution according to the disclosure. For example,
second processing unit 702 may implement steps 1, 2, 4 and 5
as described above, third processing unit 703 may implement
step 6 as described above, and fourth processing unit 704 may

implement step 3 as described above.



WO 2018/184211 PCT/CN2017/079732
23

[0070] In the following a detailed description of the
subspace inheritance based solution according to the

disclosure 1is provided.

[0071] Consider a MU-MIMO system with 1 BS and N terminals.
The BS is equipped with M transmitted antennas. The terminal
k has N, receive antennas, and its downlink channel response
matrix (called as natural channel matrix) is represented by a
matrix Hy with size Ny XM, k=1~K. Denote Nigy 2 XK_Ni. The
maximum number of parallel spatial streams in the system is
min(Neoea, M) . Without loss of generality, it is assumed in the
following description that Nigg <M, so the maximum number of
streams for each terminal is equal to the number of its
receive antennas. Then, the target of optimizing the
precoding weight is to maximize the sum capacity of all
terminals while subjected to a certain practical regquirement

on terminal fairness and a given maximum total transmit power.

[0072] In this disclosure, the optimization strategy is
adopted that maximizes the sum capacity of multiple streams
per terminal while forcing its interference to other
terminals to zero, which is called the “Zero Forcing (ZF)”
criterion. If the channel matrix is available at the
transmitter, this criterion can be achieving by adopting the
proper precoding weights of all terminals. It is noted that
the rank of the precoding weight matrix for one terminal is
equal to the number of its parallel streams. To keep the
fairness, the total transmit power is allocated evenly to
each terminal, and such allocated transmit power is further
allocated in an optimized way among the streams of that
terminal. In fact, other transmit power allocation will not

change the process of the disclosed solution.
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[0073] In the initialization stage (regarded as iteration 0),

the incremental receiving filter matrix for each terminal
is initialized with e.g. unit matrix, R$)=I, and then the
transformed channel matrix of terminal k, denoted as an, is
equal to the natural channel matrix Hp with size N, XM,

A® = H,, k=1~K.

[0074] For iteration [ =12+, until stopping criterion is
satisfied, the transformed channel matrix Hf), and the

precoding weight matrix, denoted as 7?0, k=1~K, are updated

based on the transformed channel matrix generated in last

iteration Hg_n. The operation for terminal k is as follows:

[0075] Step 1, combine the transformed channel response
matrixes of all other terminals in last iteration to form

the composite co-channel matrix

F0-1) , [m@-1 ~0-1) (-1 (-1 . .

H,E ):[Hl( );---;H,E_l);H,E+1);---;HIE, )] with size (Negegr — Np) X M.
Two ways could be adopted to calculate the null subspace

dimensions of HS—U. The first way is to make Singular Value

Decomposition (SVD) to such composite co-channel matrix,
= = o —=(1—-1
(U, T, Vie ] = SVd(H,E )), (1)

where the diagonal matrix [, is composed of the singular
values the total number of which is assumed to dyi. Apply
the non-dominant right singular vector, i.e. the last

M —d, columns of V, as the null subspace dimensions of the

composite co-channel matrix H, denoted as @S_U:éii(bﬂl—
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dp + 1~M). The second way is to generate the orthogonal

projection matrix of @g_n,

— =D\ [ ==/ =(1—-1)\ —(1—
oy Y =1-(A¢) (H,El D(AEY) ) A (2)

[0076] Step 2, project the transformed channel response
matrix of the concerned terminal onto the calculated null
subspace dimensions of all other terminals, generating the

post-projection transformed channel matrix,
H’El—n _ H,El—n ) @I({l—l) . (3)

Make SVD to such post-projection transformed channel

response matrix,
U T Vie ] = svd(HE™), (4)

where the diagonal matrix ﬁ is composed of the singular
values the total number of which is assumed to ¢, where
¢k £ Ni. Apply its dominant left singular vector, i.e. the

first ¢, columns of Uk as the incremental receiving filter

matrix introduced by this iteration, denoted as RS)Z

Uf(1:¢p, 1) .

[0077] Step 3, allocate the transmit power onto the ¢
parallel streams which correspond to the signal subspace
directions of the calculated post-projection transformed

channel matrix HS_D

, denoted as pgj, j=1~c,. In one
instance, to maximize sum capacity of all the streams for

this terminal, the water-filling strategy 1s applied with
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the singular values in [} as the equivalent channel gain.

Denote the number of streams whose allocated transmit

! .
power pyg; are zero as e, and denote bé)éc%-—ek. Obviously,

b’EO) = Nk .

[0078] Step 4, remove the e, rows in RS) which corresponds

to the streams whose allocated transmit power p; are zero,

resulting in bg)valid streams and RS)SNith sizebg)xbg_n.

[0079] Step 5, remove the e columns in Vi(l:icy:) which

corresponds to the streams whose allocated transmit power

pr;j are zero, denoted as ¢S_D. Then update the precoding

weight of the concerned terminal by right multiplexing

onto Ag_n,
Tk(l) _ @l(cl_l) _ cI),({1—1)’ (5)

whose size is M X (¢, —A4y).

[0080] Step 6, update the transformed channel matrix of

the concerned terminal by left-multiplying the new

incremental receiving filter matrix Rg)onto the

transformed channel matrix that is generated in last
iteration HS_D,

AV =p® - HI™Y, (6)

whose size 1s bg)xﬂ4.
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[0081] In difference, the prior art solution uses the post-
projection natural channel matrix (but not the transformed
channel matrix in last iteration) to generate post-projection

channel matrix, i.e. equation (3) is replaced by
w(1—1 -1
A = H 00, (7)

Therefore, the transformed channel matrix is only relevant
to the natural channel matrix (but not the transformed
channel matrix in last iteration), i.e. equation (6) is

replaced by
AY =rY - 1y, (8)

which would cause serious issues 1in iteration convergence,

which would be illustrated in the following chapter.

[0082] A proof of iteration convergence for the subspace
inheritance based solution according to the disclosure is

given in the following section.

[0083] In the subspace inheritance based solution according
to the disclosure, updating the post-projection transformed

channel response matrix of the concerned terminal in one

)

iteration Hgﬁlis on top of its previous transformed

channel response matrix in last iteration HS_D, and thus
the new transformed channel response matrix of the current

iteration Hg)contains its receiving filter matrixes of all

previous iterations, i.e.

FO _ p®) , FO-1 _ pO  pG-1 {02 _  _ p® pt-D  p®
AP =pP- A =g V. g2 — = gV RV LWy ()
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[0084] This way restricts the new transformed channel

response matrix Hg) of one terminal lies in its post-

projection signal subspace inherited from last iteration
qmn(Rg_D), and thus remains the orthogonality with the

generated other terminals’ precoding weight of last
iteration. Denote the subspace spanned by the row vectors
of a matrix as span(-), then for all the historical

iterations

span(ﬁ,gl)) c span(ﬁ,&l_l)) c...Cc span(ﬁ,gl)) c span(H,). (10)

(-1)

[0085] So the orthogonality between.?i” and Hw can

recursively lead to the orthogonality between 7%0 and ng
When all terminals follow such restriction, the mutual
orthogonality between any pair of terminals that are setup
in the first iteration and maintained in all previous
iterations would continue in the current iteration. This

mechanism can avoid the iteration fluctuation and

guarantee the absolute convergence.

[0086] Regarding the stopping criterion, since the
transformed channel matrix is restricted into the signal
subspace of last iteration, if the parallel streams of one
terminal is unchanged, the signal subspace formed by the new
transformed channel matrix is also unchanged from that of
last iteration, so its impact on the generation of other
terminals’ precoding weight is held on. When all terminals
enter such state, the update of transformed channel matrix

and precoding weight matrix is terminated.

[0087] As in equation (7), the ZF based solution (without

subspace inheritance) as described above with respect to Fig.



WO 2018/184211 PCT/CN2017/079732
29

2 updates the post-projection transformed channel matrix

)

in one iteration Hg_l is on top of the natural channel

response matrix Hp. Thus, the new transformed channel

matrix of the current iteration Hg)is irrelevant to its

receiving filter matrixes of any previous iteration

RV, <1,

[0088] In this way, there is no restriction between the

new updated transformed channel response matrix of one

terminal Hg)and its signal subspace of last iteration RS_U.

S0 qmn(ﬁﬁﬁ in current iteration may go beyond qmn(ﬁg‘ﬂ) in

last iteration. So the orthogonality between.TgD and Hg_n

cannot be maintained between ﬂg)and Hg% kK'+k.
[0089] If updating the precoding weight and the
transformed channel matrix of all terminals are performed

in a parallel approach in one iteration, each terminal

succeeds in making its precoding weight an orthogonal to

other terminals’ transformed channel matrix of last

;70—1)

e o+ but fails in keeping such orthogonality to

iteration

others’ transformed channel matrix of current iteration
(L

HY, k' #k.

[0090] If updating precoding weight and transformed
channel matrix of all terminals are performed in a

successive approach in one iteration, each terminal

succeeds in making its precoding weight an orthogonal to

the previous-processed terminals’ transformed channel

matrix of current iteration.fﬁ?, k' <k, but fails in

keeping such orthogonality to the following-processed
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terminals’ transformed channel matrix of current iteration
~(

HY, K >k.

[009]1] This issue would cause iteration fluctuation and
fails in convergence to a steady and high-performance

result.

[0092] Figs. 8a, 8b and 8c are performance diagrams
illustrating the sum capacitance over iteration for the
disclosed subspace inheritance based solution in comparison
with other solutions which are not based on subspace

inheritance.

[0093] To evaluate the benefit of this disclosed subspace
inheritance based solution 801 over non-subspace inheritance
based solutions 802, the simulation is made for the
independent identical distributed (i.i.d.) MIMO channel,
where each entry of the channel matrix satisfies complex-

Gaussian distributions.

[0094] As shown in Figs. 8a, 8b and 8c where BS antenna
number is 16 and terminal antenna number is 2, 4, 8
respectively, though both are based on per-user ZF
criterion, the per-user zero-forcing (ZF) solution 802
(without subspace inheritance) fails to converge to a good
result, while the disclosed inheritance based solution 801
can quickly reach the convergence through two iterations,
and the final performance of sum capacity is better. These

two solutions have identical complexity.

[0095] Figs. 9a, %9b and 9c are performance diagrams
illustrating the sum capacitance over SNR for the disclosed

subspace inheritance based solution 901, 902 in comparison
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with other solutions 903, 904 that are not based on subspace
inheritance. The first graph 901 depicts the disclosed
subspace inheritance based solution 901 when using parallel
iterations as described above with respect to Fig. b5a. The
second graph 902 depicts the disclosed subspace inheritance
based solution 202 when using successive iterations as
described above with respect to Fig. 5b. The third graph 903
depicts the parallel iterations per-user MMSE solution and

the fourth graph 904 depicts the per-stream MMSE solution.

[0096] As shown in Figs. 9a, %b and 9c¢, where BS antenna
number is 16 and terminal antenna number is 2, 4, 8
respectively, the disclosed subspace inheritance based
solution 901, 902 has similar performance no matter if it
adopts parallel 901 or successive 902 sequence. When
compared with per-stream MMSE solution 904 and per-user
MMSE solution 903, i.e. solutions as described above with
respect to Fig. 2, that are not based on subspace
inheritance, its relative gain is expanded with the
increase of terminal antenna number. When observing the
performance of SNR = 30dB since the MU-MIMO is normal
applied in cell-center area, the performance comparison

results are as follows:

[0097] The disclosed subspace inheritance based solution 901,
902 has similar performance as the per-user and per-stream
MMSE solution 903, 904 when terminal antenna number is 2.
The disclosed subspace inheritance based solution 901, 902
has 17% performance gain over the per-user and per-stream
MMSE solutions 903, 904 when terminal antenna number is 4.
The disclosed subspace inheritance based solution 901, 902
has 33% performance gain over the per-user and per-stream

MMSE solutions 903, 904 when terminal antenna number is 8.
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[0098] This disclosure presents a new per-user ZF solution
based on subspace inheritance which provides improved
performance and acceptable complexity. It can be used in

the key 5G feature, that is, massive MIMO systems.

[0099] The methods, systems and devices described herein may
be implemented as software in a Digital Signal Processor
(DSP), in a micro-controller or in any other side-processor
or as hardware circuit on a chip or within an application

specific integrated circuit (ASIC).

[0100] Embodiments described in this disclosure can be

implemented in digital electronic circuitry, or in computer
hardware, firmware, software, or in combinations thereof, e.qg.
in available hardware of mobile devices or in new hardware

dedicated for processing the methods described herein.

[0101] The present disclosure also supports a computer
program product including computer executable code or
computer executable instructions that, when executed, causes
at least one computer to execute the performing and computing
blocks described herein, in particular the method 300 or the
techniques described above with respect to Figs. 2 and 4 to 7.
Such a computer program product may include a computer-
readable non-transitory storage medium storing program code
thereon for use by a processor, the program code comprising
instructions for performing any of the method 300 or the

techniques as described above.

EXAMPLES



WO 2018/184211 PCT/CN2017/079732
33

[0102] The following examples pertain to further embodiments.
Example 1 is a radio transceiver, comprising: a precoder
configured to precode a data signal for transmission to a
plurality of multi-stream terminals based on a plurality of
precoding weight matrices; and a processor configured to
generate for each terminal in an iterative manner a precoding
weight matrix and a transformed channel matrix, wherein the
transformed channel matrix indicates a channel gain between
the radio transceiver and the respective terminal transformed
by a receive filter matrix of the respective terminal,
wherein the generation of the precoding weight matrix and the
transformed channel matrix in a current iteration is based on
the transformed channel matrix generated from a previous

iteration.

[0103] In Example 2, the subject matter of Example 1 can
optionally include that the processor is configured to
generate the transformed channel matrix based on subspace

inheritance between two successive iterations.

[0104] In Example 3, the subject matter of any one of
Examples 1-2 can optionally include that the processor is
configured to determine the transformed channel matrix of a
respective terminal in the current iteration based on the
receive filter matrices of the respective terminal from all

previous iterations.

[0105] In Example 4, the subject matter of any one of
Examples 1-3 can optionally include that the processor is
configured to restrict a signal subspace of the transformed
channel matrix in the current iteration within the signal
subspace of the transformed channel matrix from the previous

iterations.
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[0106] In Example 5, the subject matter of any one of
Examples 1-4 can optionally include that the processor is
configured to generate the precoding weight matrix and the
transformed channel matrix for a number of iterations until a

stopping criterion is fulfilled.

[0107] In Example 6, the subject matter of Example 5 can
optionally include that the stopping criterion is fulfilled
if the number of parallel streams for each terminal is

convergent.

[0108] In Example 7, the subject matter of any one of
Examples 5-6 can optionally include that the stopping
criterion is fulfilled after a number of two or three

iterations.

[0109] In Example 8, the subject matter of any one of
Examples 1-7 can optionally include a receiver configured to
receive feedback from the plurality of terminals, wherein the

feedback comprises information about the channel gains.

[0110] In Example 9, the subject matter of any one of
Examples 1-8 can optionally include that the processor is
configured to initialize the receive filter matrix of the
respective terminal in a first iteration to a predetermined

matrix.

[0111] In Example 10, the subject matter of any one of
Examples 1-9 can optionally include that the processor is
configured to generate the transformed channel matrix in the
first iteration based on a natural channel matrix, wherein

the entries of the natural channel matrix comprise raw
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channel gains between the radio transceiver and the
respective terminal without any transmitting signal

processing or receiving signal processing.

[0112] In Example 11, the subject matter of any one of
Examples 1-10 can optionally include that the processor is
configured to generate a composite co-channel matrix for a
specific terminal in the current iteration based on combining
the transformed channel matrices of all other terminals from

the previous iteration.

[0113] In Example 12, the subject matter of Example 11 can
optionally include that the processor is configured to
determine null subspace dimensions of the composite co-

channel matrix.

[0114] In Example 13, the subject matter of Example 12 can
optionally include that the processor is configured to
project the transformed channel matrix of the specific
terminal onto the null subspace dimensions of the composite
co-channel matrix to generate a post-projection transformed

channel matrix.

[0115] In Example 14, the subject matter of Example 13 can
optionally include that the processor is configured to
generate singular values and singular vectors of the post-

projection transformed channel matrix.

[0116] In Example 15, the subject matter of Example 14 can
optionally include that the processor is configured to
generate the receive filter matrix of the specific terminal
based on dominant singular values and singular vectors of the

post-projection transformed channel matrix.
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[0117] In Example 16, the subject matter of Example 15 can
optionally include that the processor is configured to
allocate a transmit power for the specific terminal onto a
number of parallel streams which correspond to signal
subspace directions which is spanned by the singular vectors

of the post-projection transformed channel matrix.

[0118] In Example 17, the subject matter of Example 16 can
optionally include that the processor is configured to remove
rows in the receive filter matrix of the specific terminal
which correspond to the streams whose allocated transmit

powers are zero.

[0119] In Example 18, the subject matter of Example 17 can
optionally include that the processor is configured to update
the precoding weight matrix in the current iteration based on
the null subspace dimensions of the composite co-channel

matrix from the previous iteration.

[0120] In Example 19, the subject matter of any one of
Examples 17-18 can optionally include that the processor is
configured to update the transformed channel matrix in the
current iteration based on a combination of the receive
filter matrix in the current iteration with the transformed

channel matrix from the previous iteration.

[0121] Example 20 is a radio transceiver circuit, comprising:
a precoder configured to precode a data signal for
beamforming to a plurality of terminals, wherein the
precoding is based on a plurality of precoding weights; and a
processor configured to generate for each terminal of the

plurality of terminals a precoding weight and a channel gain
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between the radio transceiver and a respective terminal,
wherein the channel gain is transformed by a receive filter
of the respective terminal, wherein the generation of the
precoding weight and the transformed channel gain is based on
a transformed channel gain generated from a previous

processing.

[0122] In Example 21, the subject matter of Example 20 can
optionally include that the processor is configured to
iteratively process the generation of the precoding weights

and the transformed channel gains.

[0123] In Example 22, the subject matter of Example 21 can
optionally include that the processor is configured to
determine the transformed channel gain of a respective
terminal in a current iteration based on the receive filters

of the respective terminal from all previous iterations.

[0124] In Example 23, the subject matter of any one of
Examples 21-22 can optionally include that the processor is
configured to restrict a signal subspace of the transformed
channel gain in a current iteration within the signal
subspace of the transformed channel gain from a previous

iterations.

[0125] In Example 24, the subject matter of any one of
Examples 21-23 can optionally include that the processor is
configured to generate the precoding weight and the
transformed channel gain for a number of iterations until a

stopping criterion is fulfilled.

[0126] In Example 25, the subject matter of any one of

Examples 21-24 can optionally include that the processor is
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configured to initialize the receive filter of the respective

terminal in a first iteration to a predetermined value.

[0127] In Example 26, the subject matter of Example 25 can
optionally include that the processor is configured to set
the transformed channel gain in the first iteration to the
channel gain between the radio transceiver and the respective

terminal.

[0128] In Example 27, the subject matter of any one of
Examples 20-26 can optionally include a receiver configured
to receive feedback from the plurality of terminals, wherein

the feedback comprises information about the channel gains.

[0129] Example 28 1is a method for processing a data signal
for transmission to a plurality of multi-stream terminals,
the method comprising: precoding a data signal for
transmission to a plurality of multi-stream terminals based
on a plurality of precoding weight matrices; and generating
for each terminal in an iterative manner a precoding weight
matrix and a transformed channel matrix, wherein the
transformed channel matrix indicates a channel gain between a
base station and the respective terminal transformed by a
receive filter matrix of the respective terminal, wherein the
generation of the precoding weight matrix and the transformed
channel matrix in a current iteration is based on the
transformed channel matrix generated from a previous

iteration.

[0130] In Example 29, the subject matter of Example 28 can
optionally include: generating the transformed channel matrix
based on subspace inheritance between two successive

iterations.
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[0131] In Example 30, the subject matter of any one of
Examples 28-29 can optionally include: determining the
transformed channel matrix of a respective terminal in the
current iteration based on the receive filter matrices of the

respective terminal from all previous iterations.

[0132] In Example 31, the subject matter of any one of
Examples 28-29 can optionally include: restricting a signal
subspace of the transformed channel matrix in the current
iteration within the signal subspace of the transformed

channel matrix from the previous iterations.

[0133] In Example 32, the subject matter of any one of
Examples 28-31 can optionally include: generating the
precoding weight matrix and the transformed channel matrix
for a number of iterations until a stopping criterion is

fulfilled.

[0134] In Example 33, the subject matter of Example 32 can
optionally include that the stopping criterion is fulfilled
if the number of parallel streams for each terminal is

convergent.

[0135] In Example 34, the subject matter of any one of
Examples 32-33 can optionally include that the stopping
criterion is fulfilled after a number of two or three

iterations.

[0136] In Example 35, the subject matter of any one of
Examples 28-34 can optionally include: receiving feedback

from the plurality of terminals, wherein the feedback
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comprises information about the channel gains and the

respective receive filter matrices.

[0137] In Example 36, the subject matter of any one of
Examples 28-35 can optionally include: initializing the
receive filter matrix of the respective terminal in a first

iteration to a predetermined matrix.

[0138] In Example 37, the subject matter of any one of
Examples 28-36 can optionally include: generating the
transformed channel matrix in the first iteration based on a
natural channel matrix, wherein the entries of the natural
channel matrix comprise raw channel gains between the base
station and the respective terminal without any transmitting

signal processing or receiving signal processing.

[0139] In Example 38, the subject matter of any one of
Examples 28-37 can optionally include: generating a composite
co-channel matrix for a specific terminal in the current
iteration based on combining the transformed channel matrices

of all other terminals from the previous iteration.

[0140] In Example 39, the subject matter of Example 38 can
optionally include: determining null subspace dimensions of

the composite co-channel matrix.

[0141] In Example 40, the subject matter of Example 39 can

optionally include: projecting the transformed channel matrix
of the specific terminal onto the null subspace dimensions of
the composite co-channel matrix to generate a post-projection

transformed channel matrix.
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[0142] In Example 41, the subject matter of Example 40 can
optionally include: generating singular values and singular

vectors of the post-projection transformed channel matrix.

[0143] In Example 42, the subject matter of Example 41 can

optionally include: generating the receive filter matrix of
the specific terminal based on dominant singular values and
singular vectors of the post-projection transformed channel

matrix.

[0144] In Example 43, the subject matter of Example 42 can
optionally include: allocating a transmit power for the
specific terminal onto a number of parallel streams which
correspond to signal subspace directions which is spanned by
the singular vectors of the post-projection transformed

channel matrix.

[0145] In Example 44, the subject matter of Example 43 can
optionally include: removing rows in the receive filter
matrix of the specific terminal which correspond to the

streams whose allocated transmit powers are zero.

[0146] In Example 45, the subject matter of Example 44 can
optionally include: updating the precoding weight matrix in
the current iteration based on the null subspace dimensions
of the composite co-channel matrix from the previous

iteration.

[0147] In Example 46, the subject matter of any one of
Examples 44-45 can optionally include: updating the
transformed channel matrix in the current iteration based on

a combination of the receive filter matrix in the current
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iteration with the transformed channel matrix from the

previous iteration.

[0148] Example 47 is a communication system, comprising: a
plurality of multi-stream terminals; and a base station,
comprising: a precoder configured to precode a data signal
for transmission to the plurality of multi-stream terminals
based on a plurality of precoding weight matrices; and a
processor configured to generate for each terminal in an
iterative manner a precoding weight matrix and a transformed
channel matrix, wherein the transformed channel matrix
indicates a channel gain between the base station and the
respective terminal transformed by a receive filter matrix of
the respective terminal, wherein the generation of the
precoding weight matrix and the transformed channel matrix in
a current iteration is based on the transformed channel

matrix generated from a previous iteration.

[0149] In Example 48, the subject matter of Example 47 can
optionally include that the plurality of terminals are
configured to transmit feedback information to the BS, the
feedback information comprising information about the channel

gains.

[0150] Example 49 is a device, comprising: means for
precoding a data signal for transmission to a plurality of
multi-stream terminals based on a plurality of precoding
weight matrices; and means for generating for each terminal
in an iterative manner a precoding weight matrix and a
transformed channel matrix, wherein the transformed channel
matrix indicates a channel gain between a base station and
the respective terminal transformed by a receive filter

matrix of the respective terminal, wherein the generation of
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the precoding weight matrix and the transformed channel
matrix in a current iteration is based on the transformed

channel matrix generated from a previous iteration.

[0151] In Example 50, the subject matter of Example 49 can
optionally include means for generating the transformed
channel matrix based on subspace inheritance between two

successive iterations.

[0152] Example 51 is a computer readable non-transitory
medium on which computer instructions are stored which when
executed by a computer cause the computer to perform the

method of any one of Examples 28 to 46.

[0153] In addition, while a particular feature or aspect of
the disclosure may have been disclosed with respect to only
one of several implementations, such feature or aspect may be
combined with one or more other features or aspects of the
other implementations as may be desired and advantageous for
any given or particular application. Furthermore, to the
extent that the terms "include"™, "have", "with", or other
variants thereof are used in either the detailed description
or the claims, such terms are intended to be inclusive in a
manner similar to the term "comprise". Furthermore, it is
understood that aspects of the disclosure may be implemented
in discrete circuits, partially integrated circuits or fully
integrated circuits or programming means. Also, the terms
"exemplary", "for example" and "e.g." are merely meant as an

example, rather than the best or optimal.

[0154] Although specific aspects have been illustrated and
described herein, it will be appreciated by those of ordinary

skill in the art that a variety of alternate and/or
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equivalent implementations may be substituted for the
specific aspects shown and described without departing from
the scope of the present disclosure. This application is
intended to cover any adaptations or variations of the

specific aspects discussed herein.

[0155] Although the elements in the following claims are
recited in a particular sequence with corresponding labeling,
unless the claim recitations otherwise imply a particular
sequence for implementing some or all of those elements,
those elements are not necessarily intended to be limited to

being implemented in that particular sequence.
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CLAIMS

1. A radio transceiver, comprising:

a precoder configured to precode a data signal for
transmission to a plurality of multi-stream terminals based
on a plurality of precoding weight matrices; and

a processor configured to generate for each terminal in
an iterative manner a precoding weight matrix and a
transformed channel matrix, wherein the transformed channel
matrix indicates a channel gain between the radio transceiver
and the respective terminal transformed by a receive filter
matrix of the respective terminal,

wherein the generation of the precoding weight matrix
and the transformed channel matrix in a current iteration is
based on the transformed channel matrix generated from a

previous iteration.

2. The radio transceiver of claim 1,
wherein the processor is configured to generate the
transformed channel matrix based on subspace inheritance

between two successive iterations.

3. The radio transceiver of claim 1 or 2,

wherein the processor is configured to determine the
transformed channel matrix of a respective terminal in the
current iteration based on the receive filter matrices of the

respective terminal from all previous iterations.

4. The radio transceiver of claim 1 or 2,

wherein the processor is configured to restrict a signal
subspace of the transformed channel matrix in the current
iteration within the signal subspace of the transformed

channel matrix from the previous iterations.
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5. The radio transceiver of claim 1 or 2,

wherein the processor is configured to generate the
precoding weight matrix and the transformed channel matrix
for a number of iterations until a stopping criterion is

fulfilled.

6. The radio transceiver of claim 5,
wherein the stopping criterion is fulfilled if the

number of parallel streams for each terminal is convergent.

7. The radio transceiver of claim 5,
wherein the stopping criterion is fulfilled after a

number of two or three iterations.

8. The radio transceiver of claim 1 or 2, comprising:
a receliver configured to receive feedback from the
plurality of terminals, wherein the feedback comprises

information about the channel gains.

9. The radio transceiver of claim 1 or 2,
wherein the processor is configured to initialize the
receive filter matrix of the respective terminal in a first

iteration to a predetermined matrix.

10. The radio transceiver of claim 1 or 2,

wherein the processor is configured to generate the
transformed channel matrix in the first iteration based on a
natural channel matrix, wherein the entries of the natural
channel matrix comprise raw channel gains between the radio
transceiver and the respective terminal without any

transmitting signal processing or receiving signal processing.
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11. The radio transceiver of claim 1 or 2,

wherein the processor is configured to generate a
composite co-channel matrix for a specific terminal in the
current iteration based on combining the transformed channel

matrices of all other terminals from the previous iteration.

12. The radio transceiver of claim 11,
wherein the processor is configured to determine null

subspace dimensions of the composite co-channel matrix.

13. The radio transceiver of claim 12,

wherein the processor is configured to project the
transformed channel matrix of the specific terminal onto the
null subspace dimensions of the composite co-channel matrix

to generate a post-projection transformed channel matrix.

14. The radio transceiver of claim 13,
wherein the processor is configured to generate singular
values and singular vectors of the post-projection

transformed channel matrix.

15. The radio transceiver of claim 14,

wherein the processor is configured to generate the
receive filter matrix of the specific terminal based on
dominant singular values and singular vectors of the post-

projection transformed channel matrix.

l6. The radio transceiver of claim 15,

wherein the processor i1s configured to allocate a
transmit power for the specific terminal onto a number of
parallel streams which correspond to signal subspace

directions of the post-projection transformed channel matrix.



WO 2018/184211 PCT/CN2017/079732
48

17. A radio transceiver circuit, comprising:

a precoder configured to precode a data signal for
beamforming to a plurality of terminals, wherein the
precoding is based on a plurality of precoding weights; and

a processor configured to generate for each terminal of
the plurality of terminals a precoding weight and a channel
gain between the radio transceiver and a respective terminal,
wherein the channel gain is transformed by a receive filter
of the respective terminal,

wherein the generation of the precoding weight and the
transformed channel gain is based on a transformed channel

gain generated from a previous processing.

18. The radio transceiver circuit of claim 17,
wherein the processor is configured to iteratively
process the generation of the precoding weights and the

transformed channel gains.

19. A method for processing a data signal for transmission
to a plurality of multi-stream terminals, the method
comprising:

precoding a data signal for transmission to a plurality
of multi-stream terminals based on a plurality of precoding
welght matrices; and

generating for each terminal in an iterative manner a
precoding weight matrix and a transformed channel matrix,
wherein the transformed channel matrix indicates a channel
gain between a base station and the respective terminal
transformed by a receive filter matrix of the respective
terminal,

wherein the generation of the precoding weight matrix

and the transformed channel matrix in a current iteration is
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based on the transformed channel matrix generated from a

previous iteration.

20. The method of claim 19, comprising:
generating the transformed channel matrix based on

subspace inheritance between two successive iterations.

21. A communication system, comprising:
a plurality of multi-stream terminals; and
a base station, comprising:

a precoder configured to precode a data signal for
transmission to the plurality of multi-stream terminals based
on a plurality of precoding weight matrices; and

a processor configured to generate for each
terminal in an iterative manner a precoding weight matrix and
a transformed channel matrix, wherein the transformed channel
matrix indicates a channel gain between the base station and
the respective terminal transformed by a receive filter
matrix of the respective terminal,

wherein the generation of the precoding weight
matrix and the transformed channel matrix in a current
iteration is based on the transformed channel matrix

generated from a previous iteration.

22. The communication system of claim 21,
wherein the plurality of terminals are configured to
transmit feedback information to the BS, the feedback

information comprising information about the channel gains.

23. A device, comprising:
means for precoding a data signal for transmission to a
plurality of multi-stream terminals based on a plurality of

precoding weight matrices; and
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means for generating for each terminal in an iterative
manner a precoding weight matrix and a transformed channel
matrix, wherein the transformed channel matrix indicates a
channel gain between a base station and the respective
terminal transformed by a receive filter matrix of the
respective terminal,

wherein the generation of the precoding weight matrix
and the transformed channel matrix in a current iteration is
based on the transformed channel matrix generated from a

previous iteration.

24. The device of claim 23, comprising:
means for generating the transformed channel matrix
based on subspace inheritance between two successive

iterations.

25. A computer readable non-transitory medium on which
computer instructions are stored which when executed by a
computer cause the computer to perform the method of claim 19

or 20.
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