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USER EQUIPMENT CONFIGURED FOR INCREASED DATA RATE

CROSS REFERENCE TO PRIORITY APPLICATIONS

[0001] This application claims the benefit of priority of U.S. Patent Application
No. 16/224,643, filed December 18, 2018 and titled “USER EQUIPMENT CONFIGURED
FOR INCREASED DATA RATE;” U.S. Patent Application No. 16/224,528, filed
December 18, 2018 and titled “USER EQUIPMENT WITH CELLULAR LINK AND
PEER-TO-PEER LINK;” U.S. Patent Application No. 16/224,520, filed December 18, 2018
and titled “METHODS OF WIRELESSLY COMMUNICATING WITH A GROUP OF
DEVICES; ” and U.S. Patent Application No. 16/224,568, filed December 18, 2018 and titled
“UNBALANCED WIRELESS COMMUNICATION WITH GROUP OF DEVICES.” The
disclosures of each of the above-mentioned applications are hereby incorporated by reference

herein in their entireties and for all purposes.

BACKGROUND
Technical Field
[0002] Embodiments of this disclosure relate to wirelessly communicating

multiple-input multiple output (MIMO) data.

Description of Related Technology

[0003] The types of modern computing devices continues to increase along with
the differing and dynamic needs of each device. The wireless communication systems
providing services to such devices are facing increasing constraints on resources and demands
for quality and quantities of service. In certain multiple-input multiple-output wireless
communication systems, a peak data rate and/or rank determined by a number of antennas
and/or a number of transmit/receive chains of a user equipment arranged to connect to a
network system can limit the rate and/or quality at which data is exchanged. Accordingly,
improvements in providing wireless communication services in a multiple-input multiple-

output system are desired.
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SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0004] The innovations described in the claims each have several aspects, no single
one of which is solely responsible for its desirable attributes. Without limiting the scope of
the claims, some prominent features of this disclosure will now be briefly described.

[0005] One aspect of this disclosure is a user equipment that includes one or more
antennas, a peer-to-peer wireless interface, and a processor in communication with the one or
more antennas and the peer-to-peer wireless interface. The one or more antennas are
configured to receive a first part of a multiple-input multiple-output (MIMO) downlink data
transmission from one or more serving nodes. The peer-to-peer wireless interface is
configured to receive a second part of the MIMO downlink data transmission from at least one
secondary user equipment. The processor is configured to aggregate the first part of the MIMO
downlink data transmission together with the second part of the MIMO downlink data
transmission.

[0006] Another aspect of this disclosure is a method of receiving a multiple-input
multiple-output (MIMO) downlink data. The method includes receiving, using one or more
antennas of a primary user equipment, a first part of the MIMO downlink data transmission
from one or more serving nodes. The method also includes receiving, using a peer-to-peer
wireless interface, a second part of the MIMO downlink data transmission from at least one
secondary user equipment. The method further includes processing, using a processor of the
primary user equipment, the first part of the MIMO downlink data transmission together with
the second part of the MIMO downlink data transmission.

[0007] Another aspect of this disclosure is a user equipment that includes one or
more antennas configured to transmit a first part of a multiple-input multiple-output (MIMO)
uplink data transmission, a peer-to-peer wireless interface configured to transmit a second part
of the MIMO uplink data transmission to at least one secondary user equipment, and a
processor in communication with the one or more antennas and the peer-to-peer wireless
interface. The processor is configured to cause transmission of the first part of the MIMO
uplink data transmission via the one or more antennas and to cause transmission of a second
part of the MIMO uplink data transmission via the peer-to-peer wireless interface.

[0008] Another aspect of this disclosure is a method of processing downlink data.

The method includes establishing a communication channel between a primary user equipment
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and a secondary user equipment via a peer-to-peer wireless link between the primary user
equipment and the secondary user equipment. The method also includes while the primary
user equipment is receiving first multiple-input multiple-output (MIMO) downlink data for the
primary user equipment via a cellular communication, receiving second MIMO downlink data
for the primary user equipment using one or more antennas of the secondary user equipment.
The method also includes transmitting the second MIMO downlink data to the primary user
equipment via the communication channel.

[0009] Another aspect of this disclosure is a user equipment that includes one or
more antennas configured to receive a part of a multiple-input multiple-output (MIMO)
downlink data transmission, a peer-to-peer wireless interface configured to communicate with
a primary user equipment, and a processor in communication with the one or more antennas
and the peer-to-peer wireless interface. The processor is configured to receive the part of the
MIMO downlink data transmission via the one or more antennas, determine that the part of the
MIMO downlink data is associated with the primary user equipment, and cause transmission
of symbol level data corresponding to the part of the MIMO downlink data via the peer-to-peer
wireless interface to the primary user equipment.

[0010] Another aspect of this disclosure is a method of processing uplink data. The
method includes establishing a communication channel between a secondary user equipment
and a primary user equipment via a peer-to-peer wireless interface of the secondary user
equipment. The method also includes while the primary user equipment is transmitting first
multiple-input multiple-output (MIMO) uplink data for the primary user equipment to a
network system via a cellular communication, receiving, by the secondary user equipment,
second MIMO uplink data transmission from the primary user equipment via the
communication channel. The method further includes transmitting, using one or more
antennas of the secondary user equipment, the second MIMO uplink data to the network
system.

[0011] Another aspect of this disclosure is a method of processing uplink data. The
method includes receiving, by a network system, a first uplink data transmission associated
with a primary user equipment from the primary user equipment. The primary user equipment
is configured to transmit uplink data at a rate of up to a peak uplink data rate. The method also

includes receiving, by the network system, a second uplink data transmission associated with
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the primary user equipment from a secondary user equipment. The method further includes
processing, by the network system, data associated with the first uplink data transmission
together with data associated with the second uplink data transmission so as to process uplink
data associated with the primary user equipment at a rate of greater than the peak uplink data
rate of the primary user equipment.

[0012] Another aspect of this disclosure is a method of transmitting downlink data.
The method includes generating, by a network system, downlink transmission data for a
primary user equipment. The method also includes while the primary user equipment is in
communication with a secondary user equipment via a peer-to-peer link: transmitting, by the
network system, a first part of the downlink transmission data for the primary user equipment
to the primary user equipment; and transmitting, by the network system, a second part of the
downlink transmission data for the primary user equipment to the secondary user equipment.

[0013] Another aspect of this disclosure is a method of transmitting downlink data.
The method includes determining a secondary user equipment to enter a clone mode based on
a joint spectral efficiency of a group of user equipments. The group of user equipments
includes the secondary user equipment and a primary user equipment. The method includes
signaling to the secondary user equipment to enter the clone mode. The method also includes
while the secondary user equipment is in the clone mode, transmitting (a) first downlink data
for the primary user equipment to the secondary user equipment and (b) second downlink data
for the primary user equipment to the primary user equipment.

[0014] Another aspect of this disclosure is a method of multiple-input multiple-
output (MIMO) wireless communication. The method includes receiving, by a network
system, first uplink MIMO data associated with a primary user equipment from the primary
user equipment. The method also includes receiving, by the network system, second uplink
MIMO data associated with the primary user equipment from a secondary user equipment,
wherein the primary user equipment is in communication with the secondary user equipment
via a peer-to-peer link. The method further includes aggregating, by the network system, the
first uplink MIMO data together with the second uplink MIMO data. In addition, the method
includes transmitting, by the network system, downlink data associated with the primary user

equipment to a single user equipment via cellular communications.
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[0015] Another aspect of this disclosure is a method of multiple-input multiple-
output (MIMO) wireless communication. The method is performed while a primary user
equipment is in communication with a secondary user equipment via a peer-to-peer link. The
method includes transmitting, by a network system, a first part of a downlink MIMO data
transmission for the primary user equipment to the primary user equipment. The method also
includes transmitting, by the network system, a second part of the downlink MIMO data
transmission for the primary user equipment to the secondary user equipment. The method
further includes receiving, by the network system, uplink data for the primary user equipment
from a single user equipment via cellular communications.

[0016] For purposes of summarizing the disclosure, certain aspects, advantages and
novel features of the innovations have been described herein. It is to be understood that not
necessarily all such advantages may be achieved in accordance with any particular
embodiment. Thus, the innovations may be embodied or carried out in a manner that achieves
or optimizes one advantage or group of advantages as taught herein without necessarily

achieving other advantages as may be taught or suggested herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Embodiments of this disclosure will now be described, by way of
non-limiting example, with reference to the accompanying drawings.

[0018] Figure 1 is a diagram illustrating an example multiple-input multiple-output
(MIMO) network in which user equipment (UE) and a network system wirelessly
communicate according to an embodiment.

[0019] Figure 2A is a diagram illustrating coordinated transmission and reception
of MIMO data for one UE by a pair of UEs communicating via a peer-to-peer (P2P) link
according to an embodiment.

[0020] Figure 2B is a diagram illustrating coordinated reception of MIMO data for
one UE by a pair of UEs communicating via a P2P link according to an embodiment.

[0021] Figure 2C is a diagram illustrating coordinated transmission of MIMO data

for one UE by a pair of UEs communicating via a P2P link according to an embodiment.
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[0022] Figure 3A is a diagram illustrating a MIMO network in which data
transmission and reception associated with a primary UE is limited by the number of
transmit-receive points (TRPs) for serving the primary UE.

[0023] Figure 3B is a diagram illustrating the primary UE of Figure 3A with a P2P
link with a secondary UE to enable the primary UE to receive MIMO data with a higher rank
than in the case of Figure 3A according to an embodiment.

[0024] Figure 4 is a block diagram illustrating a network system that includes an
example base band unit and remote radio units according to an embodiment.

[0025] Figure 5 is a block diagram of an example UE according to an embodiment.

[0026] Figure 6 illustrates example communications and events of an embodiment
of establishing a clone pair of UEs and jointly receiving MIMO data associated with one UE
of the clone pair using both UEs of the clone pair.

[0027] Figure 7 illustrates example communications and events of an embodiment
of establishing a clone pair of UEs and jointly receiving MIMO data associated with one UE
of the clone pair using both UEs of the clone pair.

[0028] Figure 8 illustrates example communications and events of an embodiment
of detecting a clone pair of UEs and establishing a tunnel to a primary UE through the
secondary UE.

[0029] Figure 9A illustrates an example MIMO communications environment in
which different beams from the same serving node are transmitted to different UEs of a pair of
UEs in communication via a P2P link according to an embodiment.

[0030] Figure 9B illustrates an example MIMO communications environment in
which different beams from the same serving node are transmitted to different UEs of a pair of
UEs in communication via a P2P link according to another embodiment.

[0031] Figure 10A is a flow diagram illustrating an example method of processing
downlink data by a primary user equipment according to an embodiment.

[0032] Figure 10B is a flow diagram illustrating an example method of transmitting
uplink data by a primary user equipment according to an embodiment.

[0033] Figure 11A is a flow diagram illustrating an example method of processing

downlink data by a secondary user equipment according to an embodiment.
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[0034] Figure 11B is a flow diagram illustrating an example method of processing
uplink data by a secondary user equipment according to an embodiment.

[0035] Figure 12A is a flow diagram illustrating an example method of processing
uplink data by a network system according to an embodiment.

[0036] Figure 12B is a flow diagram illustrating an example method of transmitting

downlink data by a network system according to an embodiment.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0037] The following description of certain embodiments presents various
descriptions of specific embodiments. However, the innovations described herein can be
embodied in a multitude of different ways, for example, as defined and covered by the claims.
In this description, reference is made to the drawings where like reference numerals can
indicate identical or functionally similar elements. It will be understood that elements
illustrated in the figures are not necessarily drawn to scale. Moreover, it will be understood
that certain embodiments can include more elements than illustrated in a drawing and/or a
subset of the elements illustrated in a drawing. Further, some embodiments can incorporate
any suitable combination of features from two or more drawings. The headings provided
herein are for convenience only and do not necessarily affect the scope or meaning of the
claims.

[0038] In a network that has a relatively large number of transmit and receive
antennas at a base station for communicating with user equipment (UE), a peak rate of a given
UE can be limited by the multiple-input multiple-output (MIMO) capabilities of the UE. Such
MIMO capabilities can include a number of transmit and/or receive chains of the UE and/or a
number of antennas of the UE configured to communicate with a network system. For
example, if a network system is relatively lightly loaded and has 64x64 transmit and receive
chains and a UE has a 2x2 transmit and receive configuration, the UE peak rate can be limited
to rank 2 MIMO in both receiving downlink data and transmitting uplink data. Rank can refer
to a number of spatial layers available for cellular communications with a UE. Rank is
nominally limited by the minimum number of transmit and receive antennas for a link, in this
example 2. The rank may be limited by the channel structure, which can further limit the

number of spatial layers to less than the antenna limit.
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[0039] Aspects of this disclosure relate to using a peer-to-peer (P2P) link between
a primary UE to a secondary UE in proximity to enable a higher rate data and/or peak data rate
for the primary UE. This can enable the primary UE to exchange MIMO data at a higher rank
compared to the primary UE communicating with the network system without the P2P link
and the secondary UE. The higher effective MIMO order can be achieved with a combination
of a cellular link of a primary UE and the primary UE receiving data via the P2P link and a
cellular link of the secondary UE. Such a configuration can also enable a primary UE in a
heavily congested cell of transmit-receive points (TRPs) to receive traffic from a relatively
nearby and less loaded cell of TRPs for higher throughput, upon discovering and establishing
a P2P link with a secondary UE in the nearby cell. A variety of methods are disclosed for
using a secondary UE to increase the data rate and/or rank associated with data
communications between the primary UE and a network system. For example, application
routing and aggregation can allow the network system to serve two UEs with a P2P link
between them with multi-user MIMO (MU-MIMO). As another example, the UEs with a P2P
link between them can form a virtual higher order MIMO transceiver for the primary UE and
perform combining at a physical layer through high speed sample transfer between the two
UEs. Similar principles and advantages can be applied to transmitting uplink data from the
two UEs. Although examples embodiments may be described in terms of a singular secondary
UE; any suitable principles and advantages disclosed herein can be applied to cases where two
or more secondary UEs are paired with a primary UE.

[0040] The technology disclosed herein provides a framework of enabling higher
peak rate of a primary UE through a P2P link with a secondary UE for downlink data
communications and/or uplink data communications. The mechanisms of achieving a higher
peak data rate can be achieved using joint processing at the physical layer and/or aggregation
from an application perspective. The mechanism of achieving the higher peak data rate though
a higher order physical layer category and MIMO order is also disclosed.

[0041] A primary UE and a secondary UE arranged to transmit and/or receive
MIMO data associated the primary UE in a coordinated manner can be referred to as a clone
pair of UEs. The UEs of the clone pair can each exchange (e.g., transmit and/or receive)
MIMO data associated with the primary UE with TRPs. The secondary UE can assist the

primary UE in exchanging data with a network. The UEs of the clone pair can also wirelessly
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communicate with each other over a P2P link. The secondary UE of the clone pair can operate
in a clone mode to receive and/or transmit MIMO data associated with the primary UE from
and/or to one or more TRPs. In the clone mode, the secondary UE can also wirelessly
communicate with the primary UE over the P2P link.

[0042] Although embodiments disclosed herein may be discussed with reference
to clone pairs of 2 UEs, any suitable principles and advantages discussed herein can be
implemented in applications where a group of three or more UEs are arranged to transmit
and/or receive MIMO data associated with one of the UEs of the group in a coordinated
manner.

[0043] A primary UE can discover one or more candidate secondary UEs. The
discovery can be performed by the primary UE by itself and/or with assistance of a network
system. The candidate secondary UEs can be sufficiently close to the primary UE to establish
a P2P link. One or more of the candidate secondary UEs can be idle. In response to discovery,
a P2P link can be established between the primary UE and a secondary UE. Data from the
primary UE can be transmitted to the secondary UE via the P2P link. Subsequent data
transmission to and reception from a network system can be performed, for example, via MU-
MIMO and application layer aggregation. As another example, subsequent data transmission
to and reception from a network system can be performed via a time-coordinated single-user
MIMO (SU-MIMO) though a higher order UE category and higher order data rate request
though the primary UE jointly using the TRP information of the secondary UE.

[0044] As an example of the technology described herein, a primary UE with 2
receive chains and 2 transmit chains can communicate with a 4x4 cell site with a peak data rate
similar to 4x4 MIMO. The primary UE can be active and achieve a data rate corresponding to
2x2 MIMO operating by itself. A secondary UE can be discovered and a P2P link can be
established between the primary UE and the secondary UE. By communicating with a network
system using hardware of both the primary UE and the secondary UE, the primary UE can
achieve a data rate similar to 4x4 MIMO.

[0045] The technology disclosed herein can be applied in a variety of applications.
For example, two UEs can execute coordinated transmission and/or reception of MIMO data
associated with one of the two UEs in applications where excessive network MIMO

dimensions are available. In some instances, a higher number of TRPs of a network system
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are available for transmission than a total number of receive antennas across active UEs.
Alternatively or additionally, a higher number of TRPs of a network system are available for
receiving than total number of transmit antennas across active UEs. Figures 2A to 2C illustrate
example environments in which excessive network MIMO dimensions are available and can
be used by a pair of UEs to increase the rank of MIMO communication between the network
and a UE of the pair.

[0046] As another example, nearby UEs in different spatial channels can be
available for communicating with different respective TRPs of the network system. A
secondary UE nearby a primary UE can establish a high quality P2P connection. The
secondary UE can have one or more different preferred spatial beams from one or more TRPs
of a network system than the primary UE. The secondary UE can be in relatively low mobility.
In this example, the primary UE can be associated with one or more crowded TRPs that can
limit service to the primary UE. The primary UE can use a P2P link and the secondary UE to
operate at higher order MIMO. Figure 3B illustrates an example environment in which a pair
of UEs can enable communication with one or more additional TRPs to increase rank of MIMO

communication between the network and the primary UE.

MIMO Network

[0047] Figure 1 is a diagram illustrating a multiple-input multiple-output (MIMO)
network in which user equipment (UE) and a network system wirelessly communicate
according to an embodiment. Figure 1 shows an example environment 100 for MIMO wireless
communications. Various UEs can communicate with a network system via MIMO
communications in the environment 100. Certain UEs of the environment 100 can form a
clone pair to increase the data rate and/or MIMO rank of exchanging MIMO data associated
with one UE.

[0048] Various standards and protocols may be implemented in the
environment 100 to wirelessly communicate data between a base station and a wireless
communication device. Some wireless devices may communicate using an orthogonal
frequency-division multiplexing (OFDM) digital modulation scheme via a physical layer.
Example standards and protocols for wireless communication in the environment 100 can

include the third generation partnership project (3GPP) Long Term Evolution (LTE), Long

10
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Term Evolution Advanced (LTE Advanced), 3GPP New Radio (NR) also known as 5G, Global
System for Mobile Communications (GSM), Enhanced Data Rates for GSM Evolution
(EDGE), Worldwide Interoperability for Microwave Access (WiMAX), and the IEEE 802.11
standard, which may be known as Wi-Fi. In some systems, a radio access network (RAN) may
include one or more base station associated with one or more evolved Node Bs (also commonly
denoted as enhanced Node Bs, eNodeBs, or eNBs, gNBs, or any other suitable Node Bs
(xNBs)). In some other embodiments, radio network controllers (RNCs) may be provided as
the base stations. A base station provides a bridge between the wireless network and a core
network such as the Internet. The base station may be included to facilitate exchange of data
for the wireless communication devices of the wireless network.

[0049] A wireless communication device may be referred to a user equipment
(UE). The UE may be a device used by a user such as a smartphone, a laptop, a tablet computer,
cellular telephone, a wearable computing device such as smart glasses or a smart watch or an
ear piece, one or more networked appliances (e.g., consumer networked appliances or
industrial plant equipment), an industrial robot with connectivity, or a vehicle. In some
implementations, the UE may include a sensor or other networked device configured to collect
data and wirelessly provide the data to a device (e.g., server) connected to a core network such
as the Internet. Such devices may be referred to as Internet of Things devices (IoT devices).
Any suitable UE disclosed herein can be part of a clone pair. A downlink (DL) transmission
generally refers to a communication from the base transceiver station (BTS) or eNodeB to the
wireless communication device, and an uplink (UL) transmission generally refers to a
communication from the wireless communication device to the BTS.

[0050] Figure 1 illustrates a cooperative, or cloud radio access network (C-RAN)
environment 100. In the environment 100, the eNodeB functionality is subdivided between a
base band unit (BBU) 110 and multiple remote radio units (RRUs) (e.g., RRU 125, RRU 135,
and RRU 145). The network system of Figure 1 includes the BBU 110 and the RRUs 125, 135,
and 145. An RRU may include multiple antennas, and one or more of the antennas may serve
as a transmit-receive point (TRP). The RRU and/or a TRP may be referred to as a serving node.
The BBU 110 may be physically connected to the RRUs such as via an optical fiber
connection. The BBU 110 may provide operational information to an RRU to control

transmission and reception of signals from the RRU along with control data and payload data

11
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to transmit. The RRU may provide data to the network received from UEs within a service
area associated with the RRU. As shown in Figure 1, the RRU 125 provides service to devices
within a service area 120. The RRU 135 provides service to devices within a service area 130.
The RRU 145 provides service to devices within a service area 140. For example, wireless
downlink transmission service may be provided to the service area 140 to communicate date
to one or more devices within the service area 140.

[0051] The illustrated RRUs 125, 135, and 145 include multiple antennas and can
provide MIMO communications. For example, an RRU may be equipped with various
numbers of transmit antennas (e.g., 2, 4, 8, or more) that can be used simultaneously for
transmission to one or more receivers, such as a UE. Receiving devices may include more than
one receive antenna (e.g., 2, 4, etc.). An array of receive antennas may be configured to
simultaneously receive transmissions from the RRU. Each antenna included in an RRU may
be individually configured to transmit and/or receive according to a specific time, frequency,
power, and direction configuration. Similarly, each antenna included in a UE may be
individually configured to transmit or receive according to a specific time, frequency, power,
and direction configuration. The configuration may be provided by the BBU 110. The direction
configuration may be generated based on a network estimate using channel reciprocity and/or
determined based on feedback from UE via selection of a beamforming codebook index, or a
hybrid of the two.

[0052] The service areas shown in Figure 1 may provide communication services
to a heterogeneous population of user equipment. For example, the service area 120 may
include a cluster of UEs 160 such as a group of devices associated with users attending a large
event. The service area 120 can also include an additional UE 162 that is located away from
the cluster of UEs 160. A mobile user equipment 170 may move from the service area 130 to
the service area 140. Another example of a mobile user equipment is a vehicle 156 which may
include a transceiver for wireless communications for real-time navigation, on-board data
services (e.g., streaming video or audio), or other data applications. The environment 100 may
include semi-mobile or stationary UEs, such as robotic device 158 (e.g., robotic arm,
autonomous drive unit, or other industrial or commercial robot) or a television 154, configured

for wireless communications.

12
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[0053] A user equipment 152 may be located with an area with overlapping service
(e.g., the service area 120 and the service area 130). Each device in the environment 100 may
have different performance needs which may, in some instances, conflict with the needs of
other devices.

[0054] Clone pairs can be formed in the environment 100. For example, there can
be more MIMO dimensions from the RRU 125 available to the UE 162 than the UE 162 can
process acting alone in certain instances. In such a case, the UE 162 can form a clone pair with
the UE 152 to jointly communicate with the RRU 125 in a manner that uses more MIMO
dimensions than the UE 162 would alone. As another example, the TRPs of the RRU 125 can
be limited for serving the cluster of UEs 160 and the UE 162 in some instances. In such a case,
the UE 162 can form a clone pair with the UE 152 and also exchange data associated with the
UE 162 with one or more TRPs of the RRU 135. This can enable more TRPs to serve the

UE 162 than compared to the UE 162 communicating with the network system alone.

Increasing Rank and/or Data Rate with a Pair of UEs

[0055] In various MIMO network environments, a relatively large number of TRPs
are available for communicating with UEs. A UE peak data rate can be limited by a antennas
and/or streams of the UE in certain instances. For example, a UE with 2 receive antennas and
2 transmit antennas can have an uplink peak rate limited by rank 2 and a downlink peak rate
limited by rank 2. With a relatively large number of TRPs available, a network system can
have excess capacity to serve the UE. Aspects of this disclosure relate to establishing a P2P
link between two UEs and using the reception and/or transmission capabilities of the two UEs
to increase the data rate and/or rank associated with one of the UEs. A first UE and a second
UE can both wirelessly communicate data associated with the first UE via cellular links. The
first UE and the second UE can also communicate with each other via a P2P link while the
first UE and the second UE are communicating with a network system via cellular links.

[0056] Figure 2A is a diagram illustrating coordinated transmission and reception
of MIMO data for one UE by two UEs communicating via a P2P link according to an
embodiment. Figure 2A illustrates an example of a clone pair enabling a larger number of
TRPs to serve a primary UE to thereby increase a data rate and MIMO rank associated with
the primary UE.
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[0057] The example MIMO wireless communication environment 200 of
Figure 2A includes a BBU 110, a RRU 202 with a plurality of TRPs 204, a primary UE 210,
and a secondary UE 220. The RRU 202 can be implemented by distributed RRUs in certain
applications. The TRPs 204 can be distributed in certain applications. The illustrated primary
UE 210 includes receive antennas 212, transmit antennas 214, and an antenna 218. The
illustrated receive antennas 212 can receive downlink MIMO data with rank 2. The illustrated
transmit antennas 214 can transmit uplink MIMO data with rank 2. The illustrated secondary
UE 220 includes receive antennas 222, transmit antennas 224, and an antenna 228. The
illustrated receive antennas 222 can receive downlink MIMO data with rank 2. The illustrated
transmit antennas 224 can transmit uplink MIMO data with rank 2. A P2P link can be
established using the antennas 218 and 228. In various applications, the primary UE 210 and
the secondary UE 220 can have different numbers of antennas.

[0058] There are a large number of TRPs 204 relative to the number of antennas of
the UEs in the environment 200. Accordingly, the communication rate of the primary UE 210
can be limited by the antennas and/or signal chains of the primary UE 210 when the primary
UE 210 is in communication with the TRPs 204 by itself. In such a case, the TRPs 204 have
excess capacity to serve the primary UE 210.

[0059] The primary UE 210 can establish a P2P link with the secondary UE 220.
The P2P link can be used to exchange traffic between the primary UE 210 and the secondary
UE 220. The P2P link can be a Wi-Fi link, a Bluetooth link, a cellular link, or the like. P2P
communications can be out-of-band. P2P communications can be in-band in some cases. The
P2P link can enable relatively fast data transfer between the primary UE 210 and the secondary
UE 220. In some instances, the secondary UE 220 can process the second part of the MIMO
data associated with the primary UE 210 and send the processed data to the primary UE 210
via the P2P link. The data provided over the P2P link can be samples (modulation), bits
(physical layer), or bytes (higher layer). The primary UE 210 and the secondary UE 220 can
together coordinate transmission and reception of MIMO data associated with the primary
UE 210.

[0060] Downlink MIMO data associated with the primary UE 210 can be received
by the primary UE 210 and the secondary UE 220. A first part of the MIMO data associated
with the primary UE 210 can be received by the primary UE 210. A second part of the MIMO
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data associated with the primary UE 210 can be received by the secondary UE 220. The
secondary UE 220 can provide the second part of the MIMO data associated with the primary
UE 210 to the primary UE 210 via the P2P link. In the example illustrated in Figure 2A, the
primary UE 210 and the secondary UE 220 can each receive downlink MIMO data with a rank
of two. By transferring the second part of the MIMO data associated with the primary UE 210
to the primary UE 210 via the P2P link, the primary UE 210 can receive downlink MIMO data
with a rank of 4. Similarly, by transferring the second part of the MIMO data associated with
the primary UE 210 to the primary UE 210 via the P2P link, the primary UE 210 can receive
downlink MIMO data at about 2 times the maximum data rate corresponding to receiving
downlink MIMO data by the antennas 212. The primary UE 210 can process the first part of
the MIMO data together with the second part of the MIMO data.

[0061] A realization is to mutually exchange information over the P2P link, and
each of the primary and second UE’s could process 2 of the 4 MIMO layers, with the final
decode data transported back to the primary UE. This approach can share the received antenna
information and also share the computational processing between the primary and secondary
UE’s, which can together form a distributed realization of the virtual UE of higher MIMO
capability.

[0062] Uplink MIMO data associated with the primary UE 210 can be transmitted
by the primary UE 210 and the secondary UE 220. A processor of the primary UE 210 can
cause transmission of a first part of a MIMO uplink data transmission via the antennas 214 and
to cause transmission of a second part of the MIMO uplink data transmission to the secondary
UE 220 via the peer-to-peer link. The secondary UE 220 can then transmit the second part of
the uplink MIMO data transmission via the antennas 224. In the example illustrated in Figure
2A, the primary UE 210 and the secondary UE 220 can each transmit uplink MIMO data with
a rank of two. By sending the second part of the MIMO data associated with the primary UE
210 to the primary UE 210 via the P2P link, uplink MIMO data associated with the primary
UE 210 can be effectively transmitted with a rank of 4. Similarly, by sending the second part
of the MIMO data associated with the primary UE 210 to the secondary UE 210 via the P2P
link and having the secondary UE 220 transmit the second part of the MIMO data to the
network system, uplink MIMO data associated with the primary UE 210 can be effectively
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transmitted at about 2 times the maximum data rate corresponding to transmitting uplink
MIMO data by the antennas 214.

[0063] Although the environment 200 of Figure 2A illustrates using paired UEs to
transmit and receive MIMO data, any suitable principles and advantages disclosed herein can
be applied to cases where there are unbalanced uplink and downlink wireless communications.
For example, downlink data for a primary UE can be received by paired UEs and uplink data
for the primary UE can be transmitted to a network system by a single UE only. The MIMO
wireless communication environment 200 of Figure 2B illustrates an example of such a case.
The single UE can be the primary UE as illustrated in Figure 2B. In some instances, the single
UE can be the secondary UE. As another example, uplink data for a primary UE can be
transmitted to a network system by paired UEs and downlink data for the primary UE can be
received from the network system by a single UE. The MIMO wireless communication
environment 200’” of Figure 2C illustrates an example of such a case. The single UE receiving
downlink data can be the primary UE as shown in Figure 2C. In some instances, the single UE
can be the secondary UE. As one more example, uplink MIMO transmissions associated with
a primary UE can be transmitted by paired UEs and downlink MIMO transmissions associated
with the primary UE can be received by the paired UEs, in which the uplink and downlink
MIMO transmissions have different rank.

[0064] Figure 2B is a diagram illustrating coordinated reception of MIMO data for
one UE by two UEs communicating via a P2P link according to an embodiment. Figure 2B
illustrates an example of a clone pair enabling a larger number of TRPs to serve downlink data
to a primary UE to thereby increase a downlink data rate and MIMO rank associated with the
primary UE. The MIMO wireless communication environment 200’ is in a different state than
the MIMO wireless communication environment 200 of Figure 2A. In Figure 2B, the
secondary UE 220 receives MIMO downlink data for the primary UE 210 from the RRU 202.
However, the secondary UE 220 does not transmit uplink data for the primary UE 210 to the
RRU 202 in the state shown in Figure 2B. As illustrated, the network system receives uplink
data associated with the primary UE 210 from a single UE via cellular communications. In
Figure 2B, the single UE is the primary UE 210.

[0065] Figure 2C is a diagram illustrating coordinated transmission of MIMO data

for one UE by two UEs communicating via a P2P link according to an embodiment. Figure 2C
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illustrates an example of a clone pair enabling a larger number of transmit antennas to transmit
uplink data associated with a primary UE to thereby increase an uplink data rate and MIMO
rank associated with the primary UE. The MIMO wireless communication environment 200’
is in a different state than the MIMO wireless communication environment 200 of Figure 2A.
In Figure 2C, the secondary UE 220 transmits MIMO uplink data for the primary UE 210 to
the RRU 202. However, the secondary UE 220 does not receive uplink data for the primary
UE 210 from the RRU 202 in the state shown in Figure 2C. As illustrated, the network system
transmits downlink data associated with the primary UE 210 to a single UE via cellular
communications. In Figure 2C, the single UE is the primary UE 210.

[0066] Embodiments disclosed herein relate to utilizing one or more additional
transmit antennas to increase the MIMO rank of a wireless transmission. An alternative
approach according to an embodiment is to maintain the same MIMO rank and enable transmit
diversity for paired UEs wirelessly communicating with a network system. Accordingly, a
secondary UE can provide transmit diversity. Transmit diversity can be, for example, such as
described in LTE or another wireless communication standard. The transmit diversity can
increase the supported data rate. Examples of transmit diversity include single-frequency
network (SFN) modulation and Alamouti space-time block coding (STBC).

[0067] The principles and advantages of transmission and/or reception of MIMO
data can be applied to other examples beyond the examples shown in Figures 2A to 2C. For
example, the primary UE 210 and the secondary UE 220 can have different numbers of
antennas and/or different transmit and/or receive capabilities. Data communication rates
between the primary UE 210 and the network system can increase in such cases by a different
amount and/or by a different rank by using a secondary UE for transmission and/or reception
of MIMO data associated with the primary UE 210 compared to the examples of Figures 2A
to 2C. In some instances, a primary UE can include a single antenna to transmit data to the
network system and transmit MIMO data and using the single transmit antenna of the primary
UE and one or more transmit antennas of a secondary UE in communication with the primary
UE via a P2P link. Alternatively or additionally, a primary UE can include a single antenna to
receive data from the network system and receive MIMO data and using the single receive
antenna of the primary UE and one or more receive antennas of a secondary UE in

communication with the primary UE via a P2P link.
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[0068] Figure 3A is a diagram illustrating a MIMO network in which data
transmission and reception associated with a primary UE is limited by the number of TRPs for
serving the primary UE. Figure 3A illustrates a use case that can benefit from technology
described herein.

[0069] The example MIMO wireless communication environment 300 of
Figure 3A includes a BBU 110, a first RRU 302, a second RRU 304, clustered UEs 310, a first
UE 320, and a second UE 330. As illustrated, the clustered UEs 310 are located around TRPs
of the first RRU 302. Accordingly, the number of TRPs of the first RRU 302 can be limited
for serving the clustered UEs 310 and the first UE 320. In such circumstances, the TRPs of
the first RRU 302 can limit the data rate and/or rank of wireless communication between the
first UE 320 and the first RRU 302. There are more TRPs in network system available to serve
the first UE 320 that are unutilized. For example, the TRPs of the second RRU 304 are
unutilized as shown in Figure 3A. In the environment 300, the second UE 330 is idle.

[0070] Figure 3B is a diagram illustrating the first UE 320 of Figure 3A with a P2P
link with the second UE 330 to enable the first UE 320 to receive MIMO data with a higher
rank than in the case of Figure 3A. Figure 3B illustrates an example MIMO wireless
communication environment 300’ in a different state than the MIMO wireless communication
environment 300 of Figure 3A. In Figure 3B, the first UE 320 functions as a primary UE and
the second UE 330 functions as a secondary UE. As illustrated, there is a first path p1 from
the BBU 110 to the first UE 320 via the first RRU 302. There is also a second path p2 from
the BBU 110 to the first UE 320 via the second RRU 304 and the second UE 330. The state
in Figure 3B enables the first UE 320 and the network system to exchange MIMO data at a
higher rate and/or higher MIMO rank than the state of Figure 3A.

[0071] In the environment 300°, the previously idle second UE 330 is used as a
relay point for the first UE 320. The first UE 320 can establish a P2P link with the second UE
330 and communicate with the second RRU 304 via the P2P link and the second UE 330. The
P2P link can enable spatial diversity. This can enable TRPs of the second RRU 304 to serve
the first UE 320. The secondary UE 320 can enable a network system to operate at higher-
order MU-MIMO. For example, when the first UE 320 and second UE 330 are similar devices,
the rank of MIMO communication between the first UE 320 and the network system can be
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doubled. The actual MIMO order increase can depend on one or more spatial channel
conditions and/or capabilities of the second UE 330 and/or the first UE 320.

[0072] The principles and advantages disclosed with reference to Figure 3B can be
applied to contexts where there in unbalanced traffic. For example, downlink data for the
primary UE 320 can be received by paired UEs 320 and 330 and uplink data for the primary
UE 320 can be transmitted to the network system by the primary UE 320 only. As another
example, uplink data for the primary UE 320 can be transmitted to the network system by
paired UEs 320 and 330 and downlink data for the primary UE 320 can be received from the
network system by the primary UE 320 only. As one more example, uplink MIMO
transmissions associated with the primary UE 320 can be transmitted by paired UEs 320
and 330 and downlink MIMO transmissions associated with the primary UE 320 can be
received by the paired UEs 320 and 330, in which the uplink and downlink MIMO

transmissions have different rank.

Network System

[0073] Figure 4 is a block diagram illustrating an example network system 400 that
includes base band unit 402 and remote radio units 490 according to an embodiment. The
network system 400 of Figure 4 can wirelessly communicate with UEs in accordance with any
suitable principles and advantages disclosed herein.

[0074] The base band unit 402 can be coupled with at least one remote radio
unit 490. The base band unit 402 can be coupled with a plurality of remote radio units 490.
Such remote radio units 490 can be distributed. A remote radio unit 490 can include at least a
first antenna 496 and a second antenna 498 for MIMO wireless communications. Any antenna
disclosed herein, such as the antenna 496 or the antenna 498, can be referred to as antenna
element. A remote radio unit can include any suitable number of antennas and/or arrays of
antennas. The antennas 496 and 498 of the RRU 490 can be coupled with a radio frequency
(RF) front end 494. The RF front end 494 can process signals received via the antennas 496
and/or 498. Part of processing a signal may include providing the signal to a transceiver 420
included in the BBU 402. The RF front end 494 can process signals provided by the

transceiver 420 for transmission via the antennas 496 and/or 498.
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[0075] As illustrated, the BBU 402 includes a processor 405, a data store 410, a
beamformer 415, a transceiver 420, and a bus 480. The bus 480 can couple several elements
of the BBU 402. The illustrated processor 405 includes a network monitor 425, a peer pairing
engine 430, and a peer data processor 435.

[0076] The processor 405 can include any suitable physical hardware configured
to perform the functionality described with reference to the processor 405 and elements
thereof. The processor 405 can include a processor configured with specific executable
instructions, a microprocessor, a microcontroller, a digital signal processer (DSP), an
application specific integrated arcuit {ASICY, a programmable logic device such as field
programmable gate array (FPOA), the like, or any combination thereof designed to perform
the functions described herein. The processor 405 can be implemented by any suitsble
combination of computing devices and/or discrete processing Circuiis in certain applications.

[0077] The network monitor 425 can detect one or more characteristics of the
network such as areas where TRPs of the network system have excess capacity, areas that are
relatively heavily loaded, or the like. The peer pairing engine 430 can receive network
characteristic data from the network monitor 425 and use the network characteristic data in
determining a clone pair. The network monitor 425 can be implemented by dedicated circuitry
of the processor 405 and/or by circuitry of the processor 405 that can be used for other
functionality.

[0078] In certain instances, the network system can pair a primary UE and a
secondary UE for coordinated reception and transmission of MIMO data associated with the
primary UE. The peer pairing engine 430 can pair the primary UE with the secondary UE in
some applications. In response to determining a clone pair, the peer pairing engine 430 can
send a clone pairing command to primary UE and/or secondary UE to initiate a clone pair. The
peer pairing engine 430 can be implemented by dedicated circuitry of the processor 405 and/or
by circuitry of the processor 405 that can be used for other functionality.

[0079] The pairing determination can be based on pairing information transmitted
by the primary UE and/or the secondary UE to the network system. The peer pairing
engine 430 can determine a clone pair based on joint spectral efficiency of a pair of UEs. The

joint spectral efficiency can be transmitted to the network system by a primary UE. In some
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instances, the peer pairing engine can compute joint spectral efficiency for a pair of UEs based
on information received from each UE of the pair.

[0080] The BBU 402 can receive information from a plurality of UEs and take into
account more information than available to a single UE or a pair of UEs in determining a clone
pair. Accordingly, the peer pairing engine 430 can take into account pairing information
received from a primary UE and/or secondary UE and additional network information in
determining the clone pair. The additional network information can include, for example, one
or more of mobility state information for one or more UEs, spatial channel state conditions for
one or more UEs, system load information, characteristics of one or more UEs (e.g., a traffic
state, an amount of battery life, or a device type), information associated with available TRPs
associated with one or more of the UEs, the like, or any suitable combination thereof.

[0081] In another mode of operation, the peer pairing engine 430 can decide
whether to grant a tunnel request from a primary UE to setup a tunnel between the primary UE
and the network system that goes through the secondary UE. In response to granting such a
request, the network system can set up a tunnel through the secondary UE to the primary UE,
for example, based on a dual connectivity protocol.

[0082] The peer data processor 435 of the BBU 402 can process and/or aggregate
MIMO data associated with a primary UE for coordinated communication with a clone pair.
For example, the peer data processor 435 can receive downlink MIMO data for a primary UE,
cause a first part of the downlink data for the primary UE to be transmitted to the primary UE,
and cause a second part of the downlink data for the primary UE to be transmitted to a
secondary UE, in which the secondary UE has a P2P link established with the primary UE.
This can enable the primary UE to receive the downlink MIMO data with higher rank and/or
at a higher data rate.

[0083] As another example, the peer data processor 435 can receive a first part of
uplink MIMO data associated with a primary UE from the primary UE, receive a second part
of uplink MIMO data associated with the primary UE from a secondary UE, and jointly process
and/or combine the first part and the second part of the MIMO data associated with the primary
UE.
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[0084] The peer data processor 435 can be implemented by dedicated circuitry of
the processor 405 and/or by circuitry of the processor 405 that can be used for other
functionality.

[0085] As illustrated, the processor 405 is in communication the data store 410.
The data store 410 include instructions that can be executed by the processor 405 to implement
any suitable combination of the features described herein. In some implementations, the data
store 410 can retain channel information for UEs served by the BBU 402. The data store 410
may be indexed by UE identifier and/or RRU identifier. This can expedite identification of
previously communicated scheduling information for the UE and for monitoring network
conditions (e.g., number of UEs allocated to an RRU or antenna element of an RRU).

[0086] The beamformer 415 can generate parameters for the serving nodes (e.g.,
RRUs) for a primary UE and a secondary UE. The parameters can include one or more of
transmission mode, time, frequency, power, beamforming matrix, tone allocation, or channel
rank. The beamformer 415 can determine optimal parameters for RRUs 490 coupled with the
BBU 402 that facilitate a network-wide optimization of downlink data transmissions. Similar
functionality can be implemented for receiving uplink data transmission.

[0087] The illustrated processor 405 is in communication the transceiver 420. The
transceiver 420 includes a receiver and a transmitter. The receiver can process signals received
from the RF front end 494. The transmitter can provide signals to the RF front end 494 for

transmission via one or more antennas 496 and/or 498.

User Equipment

[0088] A variety of different UEs can be part of a clone pair. Such UEs can include
any suitable UE disclosed herein. Certain UEs can function as either a primary UE or a
secondary UE. Some UEs can only function as a primary UE of a clone pair. Various UEs
can only function as a secondary UE of a clone pair. As example UE that can function as either
a primary UE or a secondary UE of a clone pair will be discussed with reference to Figure 5.

[0089] Figure 5 is a schematic block diagram of an example UE 500 according to
an embodiment. The UE 500 is configured for wirelessly communicating with a base station
and also wirelessly communicating with another UE via a P2P link. The UE 500 can function

as a primary UE. The UE 500 can function as a secondary UE. As illustrated, the UE 500
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includes a processor 505 that includes a peer selector 506 and a peer communications processor
508, a data store 510, a user interface 515, a beamformer 525, a signal quality analyzer 530, a
peer-to-peer transceiver 540, a peer-to-peer radio frequency front end 545, an antenna 548 for
peer-to-peer communications, a transceiver 550, a radio frequency front end 555, and antennas
562 and 564. In some instances, the UE 500 can include a microphone and a speaker (not
illustrated). Some other UEs can include additional elements and/or a subset of the elements
illustrated in Figure 5.

[0090] The UE 500 includes circuitry for cellular communications. The
transceiver 550 and the radio frequency front end 555 can generate signals for uplink cellular
data transmissions via the antennas 562 and 564. The transceiver 550 incudes a transmitter
and a receiver. The transmitter can include one or more transmit chains. In certain instances,
the transmitter includes a plurality of transmit chains. The number of transmit chains can set
a maximum uplink data rate and/or rank for MIMO data transmitted by the antennas of the
UE 500 to a network system. In certain instances, the number of antennas available for
wirelessly transmitting uplink data to the network system can set a maximum uplink data rate
and/or rank for MIMO data transmitted by the antennas of the UE 500 to a network system

[0091] The transceiver 550 and the radio frequency front end 555 can process
downlink cellular data transmissions received via the antennas 562 and 564. The receiver of
transceiver 550 can include one or more receive chains. In certain instances, receiver can
include a plurality of receive chains. The number of receive channels can limit maximum
downlink data rate and/or rank for MIMO data received by the antennas of the UE 500 from a
network system. In certain instances, the number of antennas available for wirelessly receiving
downlink data from the network system can set a maximum downlink data rate and/or rank for
MIMO data received by the antennas of the UE 500 from the network system.

[0092] The UE 500 can include any suitable number of antennas for wirelessly
communicating with a network system. The antennas of the UE 500 can include one or more
receive only antennas and/or one or more transmit only antennas. The antennas of the UE 500
can include one or more transmit and receive antennas configured to transmit and receive
wireless data.

[0093] The UE 500 includes circuitry for peer-to-peer wireless communications

with another UE. The peer-to-peer wireless communications can be over a non-cellular
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communication channel. A peer-to-peer wireless interface can refer to circuitry of the UE 500
configured to wirelessly communicate (e.g., receive and/or transmit) data to another UE via a
peer-to-peer communication channel. As shown in Figure 5, the UE 500 includes a peer-to-
peer wireless interface 546. The peer-to-peer wireless interface 546 includes a peer-to-peer
transceiver 540 and a peer-to-peer radio frequency front end 545. The peer-to-peer transceiver
540 and the peer-to-peer radio frequency front end 545 cause data to be transmitted over the
peer-to-peer link via the antenna 548. The peer-to-peer transceiver 540 and the peer-to-peer
radio frequency front end 545 can process data received over the peer-to-peer link via the
antenna 548. The UE 500 can be configured to transmit and/or receive MIMO physical layer
information over the peer-to-peer link in certain applications. Symbol level data can be
exchanged over the peer-to-peer link in various applications.

[0094] The wireless signals exchanged over the peer-to-peer link can be
non-cellular wireless signals. The non-cellular wireless signals can be in accordance with a
wireless local area network (WLAN) standard or a wireless personal area network (WPAN)
standard. The non-cellular wireless signals can be Bluetooth signals, Wi-Fi signals, ZigBee
signals, or the like. The non-cellular wireless signals can have a shorter signal range than
cellular signals. In some instances, the non-cellular wireless signals can have a range of about
300 feet or less. The non-cellular wireless signals can have a range of about 150 feet or less in
certain applications. The non-cellular wireless signals can have a range of about 35 feet or less
in some other applications. In some instances, the wireless signals exchanged over the
peer-to-peer link can be cellular signals.

[0095] The processor 505 can include any suitable physical hardware configured
to perform the functionality described with reference to the processor 505 and elements
thereof. The processor 505 can include a processor configured with specific executable
instructions, a microprocessor, a microcontroller, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a programmable logic device such as field
programmable gate array (FPGA), the like, or any combination thereof designed to perform
the functions described herein. The processor 505 can be implemented by any suitable
combination of computing devices and/or discrete processing circuits in certain applications.
The peer selector 506 can be implemented by dedicated circuitry of the processor 505 and/or

by circuitry of the processor 505 that can be used for other functionality. The peer
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communications processor 508 can be implemented by dedicated circuitry of the processor 505
and/or by circuitry of the processor 505 that can be used for other functionality.

[0096] In certain instances, the UE 500 can initiate a clone pair. The UE 500 can
function as a primary UE in certain instances. The peer selector 506 can perform functions
related to selecting a secondary UE for a clone pair with UE 500 serving as a primary UE. For
example, the peer selector 506 can cause the UE 500 to discover one or more candidate
secondary UEs for a clone pair. The peer selector 506 can execute functionality associated
with one or more of collecting data from one or more candidate secondary UEs, determining
joint spectral efficiency of possible clone pairs, or prioritizing secondary UEs. The peer
selector 506 can send pairing information to a network system for making a pairing decision
in certain applications. In some other instances, the peer selector 506 can make a pairing
decision and initiate a clone pair. Examples of such functionalities of the peer selector 506 are
discussed with reference to Figures 6 to 8.

[0097] As discussed above, the UE 500 can function as a secondary UE of a clone
pair. The peer selector 506 can perform functionality associated with the UE 500 deciding
whether to function as a secondary UE of a clone pair. For example, the peer selector 506 can
accept or reject a request for the UE 500 to function as a secondary UE for a primary UE. The
peer selector 506 can make this determination based on one or more of a variety of factors,
such as battery life, traffic state, incentives, etc. The peer selector 506 can also initiate a
confirmation or rejection of a clone pair request to be send to a primary UE. Examples of such
functionalities of the peer selector 506 are discussed with reference to Figures 6 to 8.

[0098] The peer communications processor 508 can jointly process and/or
aggregate MIMO data associated with the UE 500 when the UE 500 is operating as a primary
UE of a clone pair. The peer communications processor 508 can jointly process and/or
aggregate downlink data received via the antennas 562, 564, and 548. The peer
communications processor 508 can jointly process uplink data for transmission via the
antennas 562, 564, and 548. The peer communications processor 508 can establish a peer-to-
peer link with another UE.

[0099] The peer communications processor 508 can perform operations associated
with processing and transmitting MIMO data associated with another UE when the UE 500 is

operating as a secondary UE of a clone pair. The peer communications processor 508 can
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cause the UE 508 to enter a clone mode to operate as a secondary UE. The peer
communications processor 508 can detect that received data is associated with a primary UE.
In certain applications, the peer communications processor 508 can generate symbol level data
from MIMO data received from a network system, and the cause the symbol level data to be
transmitted to a primary UE via the peer-to-peer link. The peer communications processor 508
can cause MIMO physical layer data to be transmitted to primary UE via the peer-to-peer link.
MIMO physical layer data can include data from, for example, high definition video streaming,
a relatively large content download, or a social network content sharing application. The peer
communications processor 508 can manage communications with another UE over the
peer-to-peer link. Examples of functionalities of the peer communications processor 508 are
discussed with reference to Figures 6 to 8.

[0100] The processor 505 can be in communication with the signal quality
analyzer 530. The signal quality analyzer 530 can analyze the quality of signals received
and/or transmitted by any of the antennas of the UE 500. This can provide information
associated with a spatial channel condition of the UE 500. This information can be provided
to the processor 505 for determining one or more of a spectral efficiency of the UE 500, an
estimated joint spectral efficiency of the UE 500 and another UE, or a relative priority of other
UEs as candidate secondary UEs. In some instances, some or all of the functionality of the
signal quality analyzer can be implemented by the processor 505.

[0101] The beamformer 525 can perform any suitable beamforming functionality
for the UE 500. The beamformer 525 can set and/or adjust one or more parameters associated
with receiving and/or transmitting signals associated with the antennas 562 and 564 of the
UE 500. The beamformer 525 can be implemented by dedicated circuitry and/or circuitry of
the processor 505.

[0102] The UE 500 includes a data store 510. The data store 510 can store
instructions that can be executed by the processor 505 to implement any suitable features
described herein. The data store 510 can data associated with candidate secondary UEs, such
as joint spectral efficiency data. When the UE 500 functions as a secondary UE, the data
store 510 can store an identifier of the primary UE. The identifier of the primary UE can be
used by the UE 500 in functioning as a secondary UE. When the UE 500 functions as a

secondary UE, the data store 510 can store any other suitable information about a paired
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primary UE, such as information about MIMO capabilities and/or number of antennas. The
data store 510 can store any other suitable data for the UE 500. The data store 510 can include
any suitable memory elements arranged to store data.

[0103] As illustrated, the UE 500 also includes a user interface 515. The user
interface 515 can be any suitable user interface, such as a display and/or an audio component.
In some instances, the user interface 515 can include one or more of touch screen capabilities,
a button, a knob, a switch, or a slider.

[0104] Several elements included in the UE 500 may be coupled by a bus 580. The
bus 580 can be a data bus, communication bus, other bus, or any suitable combination thereof

to enable the various components of the UE 1200 to exchange information.

Tightly Coupled Mode

[0105] A pair of UEs can perform coordinated transmission and/or reception of
MIMO data associated with one UE of the pair either as a tightly coupled pair of UEs or as a
loosely coupled pair of UEs. In a tightly coupled pair of UEs, the primary UE and the
secondary UE can share an identity from a network perspective. A base station can serve the
primary UE and the secondary UE with a single-user MIMO operation in the tightly coupled
mode. The secondary UE can send processed data to the primary UE via a P2P link for
aggregation on the primary UE. Aggregation of MIMO data can be at the physical layer or a
higher layer. Data received at the primary UE and secondary UE can also be jointly processed
via information shared over the P2P link. Example operations for tightly coupled UE pairs are
discussed with reference to Figures 6 and 7.

[0106] In a tightly coupled mode, the secondary UE can store information
associated with the primary UE in memory, such as an identifier of the primary UE and/or
information associated with MIMO capabilities of the primary UE (e.g., a number of antennas).
Such information can be provided to the secondary UE from the primary UE via a P2P link.
Alternatively or additionally, a network system can provide such information associated with
the primary UE to the secondary UE in the tightly coupled mode. The secondary UE can
provide MIMO physical layer information to the primary UE via a P2P link in the tightly
coupled mode. Example MIMO physical layer information that the secondary UE can provide
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to the primary UE over a P2P link includes one or more of rank, preferred precoding
information, or a channel estimate.

[0107] For a tightly coupled mode, a clone pair can be initiated while the primary
UE is in a traffic state. The primary UE may determine to dissociate the P2P link with the
secondary UE in response to detecting channel degradation of the secondary UE. The primary
UE may determine to dissociate the P2P link with the secondary UE in response to detecting a
change in state of the secondary UE (e.g., a traffic state change, low battery mode, etc.). The
primary UE can return from clone mode to a single user mode prior to a clone-haul
disassociation.

[0108] Clone paring candidate consideration in a tightly coupled mode can be
based on a UE based discovery based on P2P beacon measurement. A clone pair candidate in
an idle state can be preferred over another clone pair candidate in an active state. In some
instances, a secondary UE can be in an active state and be part of a clone pair. Network assisted
discovery with a list of available idle secondary UEs can be implemented. A clone pair
association only to UEs in communication with the same BBU and/or cell, but that can be in
communication with different TRPs within the same BBU and/or cell can be implemented.

[0109] Figure 6 illustrates example communications and events of an embodiment
of establishing a clone pair of UEs and jointly receiving MIMO data associated with one UE
of the clone pair using both UEs of the clone pair. The communications and events of Figure
6 relate to a tightly coupled mode in which a primary UE 610 and a secondary UE 620 share
an identity as a clone pair. In the communications and events of Figure 6, the clone pair
decision is UE centric. The message flow 600 illustrates example communications and events
associated with a primary user equipment 610, a secondary user equipment 620, and a network
system 630. The primary UE 610 can implement any suitable features of the UEs disclosed
herein. The secondary UE 620 can implement any suitable features of the UEs disclosed
herein. The network system 630 may include a base band unit or other network device
configured to schedule communications with devices within a service area. The network
system 630 can also include a plurality of RRUs and/or TRPs. Additional or alternative entities
may be included to mediate one or more of the interactions shown such as network routers,

switches, security devices, or the like.
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[0110] In event 640, the primary UE 610 can discover the secondary UE 620. The
discovery may include receiving, at the primary UE 610 a message from the secondary
UE 620. In some implementations, the discovery may be a broadcast discovery whereby a
message is generally transmitted to devices within a range of the primary UE 610. The
discovery may include peer-to-peer beacons and/or signals. The message may include
information indicating clone pairing capabilities. In such instances, devices that can perform
clone pairing may respond. Although shown as discovering a single secondary UE in Figure 6,
the primary UE 610 may discover two or more secondary UEs with which it could establish a
clone pairing. The secondary UE 620 may be within the same cell as the primary UE 610. In
some instances, the secondary UE 620 and the primary UE 610 can be served by different
TRPs within the same cell.

[0111] The primary UE 610 can collect information associated with the secondary
UE 620. For example, the primary UE 610 can collect one or more of availability of the
secondary UE 620 to serve as a secondary UE for the primary UE 610, recent channel quality
indicator (CQI) information, precoding selection, or the like. The primary UE 610 can store
the collected information associated with the secondary UE 620. The primary UE 610 can
collect and store information associated with a plurality of secondary UEs 620.

[0112] After discovering the secondary UE 620, the primary UE 610 may generate
pairing information at event 642. The primary UE 610 can compute a joint spectral efficiency
of the primary UE 610 and the secondary UE 620 operating as a clone pair. The computation
of spectral efficiency can be based on information collected associated with discovering the
secondary UE in event 640. For example, the joint spectral efficiency can be based on cellular
channel information for the secondary UE 620, information about the P2P link, and cellular
channel information for the primary UE 610. The UE pairing information can include the joint
spectral efficiency. The joint spectral efficiency and/or other pairing information can be
computed for one or more additional secondary UEs. The primary UE 610 can generate a
priority secondary UE list indicating an order of preference of using secondary UEs as a clone
pair in cases where more than one secondary UE is discovered.

[0113] The pairing information can include information that can be used by the
secondary UE 620 to clone the primary UE 610. The pairing information may include

information identifying the primary UE 610 such as precoding information, a UE subscriber
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identifier (ID), or an assigned Internet Protocol (IP) address. The pairing information may
include an identification of a type and/or an amount of data expected to be transmitted and/or
received via the clone pairing. In some implementations, the pairing information may identify
a desired active set of one or more serving nodes.

[0114] The primary UE 610 can initiate a pair request. In event 644, the primary
UE 610 can transmit a pairing request to the secondary UE 620. The pairing request can
include pairing information generated at event 642. In cases where multiple secondary UEs
are discovered, the primary UE 610 may transmit a message to the top candidate secondary
UE and wait a pre-determined period of time for an acknowledgement. The top candidate
secondary UE can have the highest joint spectral efficiency with the primary UE 610 of the
possible clone pairs. The primary UE 610 can prioritize candidate secondary UEs based on
one or more operational characteristics of a secondary UE and/or based on one or more pairing
metrics associated with the secondary UE. One or more of operational characteristics and/or
one or more of the pairing metrics described in association with the secondary UE 620
determining whether to accept the request can be used by the primary UE 610 in prioritizing
candidate secondary UEs. If an acknowledgement is not received from the top candidate
secondary UE, the primary UE 610 can continue to the next candidate in the priority peer list
until an acknowledgement is received. If no acknowledgement is received from any candidate
secondary UE, the message flow 600 can terminate and/or start over.

[0115] In event 646, the secondary UE 620 can determine whether to accept the
clone pairing request. The determination may include evaluating the type and/or amount of
data expected via the clone pairing. The determination may compare the expectations to the
resources desired by the secondary UE 620 to support its own operations. The determination
may include detecting an operational characteristic of the secondary UE 620, such as power
level (e.g., battery power), processor load, memory, applications executing on the secondary
UE 620, existing clone pairings with other UEs, MIMO capabilities, traffic state of the
secondary UE 620 (e.g., whether the secondary UE 620 is idle or actively communicating with
the network system 630), a channel condition associated with the secondary UE 620, or another
detectable operational metric for the secondary UE 620. In some implementations, the
operational characteristic may be compared to a threshold and if the characteristic satisfies the

threshold, the determination may indicate the secondary UE 620 is able to establish clone
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pairing with the primary UE 610. In certain applications, a plurality of operational
characteristics can each be compared to a respective threshold, and the determination of
whether to accept a clone pairing request can be based on the comparisons. The determination
can be made based on some or all of the operational characteristics satisfying respective
thresholds.

[0116] The determination can be based on one or more of a variety of factors. For
example, the determination can be based on one or more pairing metrics. Example pairing
metrics include one or more lists associated with a user equipment such as a social network
list, one or more a priori agreements, or incentives such as tokens provided for serving in a
clone pair. Example incentives include cellular data allowance transfer from the primary UE,
digital cash, or credit tokens associated with a social network service. In some instances, a
pairing can be based on one or more explicit (e.g., group of users who have agreed to cooperate)
or implicit a priori agreements (e.g., a friend list or list of users with common interest defined
by social network service). In response to determining to establish a clone pair, the secondary
UE 620 can send a confirmation to the primary UE 610 at event 648. If the pairing request is
not granted by the secondary UE 620, the primary UE 610 can send a pairing request to the
next highest secondary UE on the priority list.

[0117] In response to the secondary UE 620 confirming the paring request at event
648, the primary UE 610 and the secondary UE 620 can establish a clone pair. A P2P link can
be established between the primary UE 610 and the secondary UE 620. The primary UE 610
can request CQI and/or precoding information from the secondary UE 620. The secondary
UE 620 can estimate its own cellular channel information and provide the cellular channel
information, such as channel state quality and/or channel noise estimates, to the primary
UE 610 via the P2P link.

[0118] In event 650, the primary UE 610 can generate a joint channel report
including cellular channel information for the primary UE 610 and the secondary UE 620. The
joint channel report can include any suitable joint channel information. For example, the joint
channel report can include one or more of a joint CQI, rank, or precoding selection. The joint
CQJI, rank, and/or precoding selection can be computed based on information associated with

the primary UE 610 and information associated with the secondary UE 620.
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[0119] The primary UE 610 can transmit the joint channel report to the network
system 630 at event 652. Alternatively or additionally, the secondary UE 620 can transmit the
joint channel report to the network system 630. The transmission of the joint channel report
may occur via a cellular channel to one or more TRPs. The joint channel report can be
periodically generated and transmitted to the network system 630 in certain applications.

[0120] The network system 630 can serve traffic associated with the primary
UE 610 based on the joint channel report. The network system 630 can serve the primary
UE 610 based on the paired CQI of the primary UE 610 and the secondary UE 620. The
network system 630 can schedule and transmit cellular communications with the primary
UE 610 and the secondary UE 620.

[0121] The network system 630 can send a first cellular communication to the
primary UE 610 at event 654. The first cellular communication can include a first part of a
MIMO transmission to the primary UE 610. The network system 630 can send a second
cellular communication to the secondary UE 620 at event 658. The second cellular
communication can include a second part of the MIMO transmission to the primary UE 610.
The second cellular communication can be concurrent with the first cellular communication.
Accordingly, the network system 630 can serve traffic to the primary UE 610 and the secondary
UE 620 concurrently. The first part and the second part of the MIMO transmission can include
information indicating the respective cellular communications are associated with the primary
UE 610. The information can include an identifier or hash code, for example. The information
may be implied by a timing slot or frequency used to transmit the cellular communications.

[0122] The secondary UE 620 can determine that the second part of the MIMO
transmission includes a communication for the primary UE 610. The secondary UE 620 can
provide the second part of the MIMO transmission to the primary UE 610 via the P2P link at
event 660. The secondary UE 620 can pass the second part of the MIMO transmission directly
over the P2P link. In certain applications, the P2P link between the primary UE 610 and the
secondary UE 620 can preferably occur over an air interface with a relatively short range, such
as Bluetooth, Wi-Fi, ZigBee, or other standardized or proprietary local area network protocol.
The P2P link between the primary UE 610 and the secondary UE 620 can enable cellular

communications, such as cellular communications at relatively high frequencies. In certain
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applications, the second part of the MIMO transmission can be encapsulated, modified, or
otherwise reformatted into a format suitable for transmission via the peer-to-peer channel.

[0123] After event 660, the primary UE 610 can jointly process the first part of the
MIMO transmission and the second part of the MIMO transmission.

[0124] The primary UE 610 and the secondary UE 620 can also jointly send uplink
MIMO data from the primary UE 610 to the network 630. Similar events and communications
can be implemented for uplink communications. For example, the primary UE 610 may
transmit cellular communications to the network system 630 via a cellular interface and to the
secondary UE 620 via the peer-to-peer link. The secondary UE 620 may, in turn, transmit the
received communication to the network system 630. In some implementations, the uplink
transmissions to the network system 630 from the primary UE 610 and the secondary UE 620
may be coordinated (e.g., time, frequency, and/or spatial). The coordination may be specified
during the pairing process.

[0125] The pairing may be terminated based on changed network conditions. For
example, the primary UE 610 may detect channel degradation for the secondary UE 620 or a
change in state (e.g., traffic state change, low battery) of secondary UE 620. Control messages
may be exchanged between the primary UE 610 and the secondary UE 620 to indicate one or
more such changing conditions. It may be desirable for the primary UE 610 to transmit a
channel report identifying a single-user mode before disassociating with the secondary
UE 620. In some implementations, the primary UE 610 may be limited to one active clone
pairing. Accordingly, if a better secondary UE is detected (e.g., stronger signal strength, power
level, etc.), the primary UE 610 may first disassociate from the secondary UE 620 before
initiating a clone pairing with the better secondary UE.

[0126] In the message flow 600 shown in Figure 6, the primary UE 610 may assess
whether and which secondary UE to request to be in a clone pair. In some implementations, a
network system may assist and/or direct a clone pairing.

[0127] Figure 7 illustrates example communications and events of an embodiment
of establishing a clone pair of UEs and jointly receiving MIMO data associated with one UE
of the clone pair using both UEs of the clone pair. The communications and events of Figure
7 relate to a tightly coupled mode in which a primary UE 710 and a secondary UE 720 share

an identity as a clone pair. In the communications and events of Figure 7, a network system
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730 makes a determination to pair the primary UE 710 and the secondary UE 720 as a clone
pair. The message flow 700 illustrates example communications and events associated with a
primary user equipment 710, a secondary user equipment 720, and a network system 730. The
primary UE 710 can implement any suitable features of the UEs disclosed herein. The
secondary UE 720 can implement any suitable features of the UEs disclosed herein. The
network system 730 can include a base band unit or other network device configured to
schedule communications with devices within a service area. Additional or alternative entities
may be include to mediate one or more of the interactions shown such as network routers,
switches, security devices, or the like.

[0128] In event 740, the primary UE 710 can discover the secondary UE 720. The
discovery may include receiving, at the primary UE 710 a message from the secondary
UE 720. In some implementations, the discovery may be a broadcast discovery whereby the
message is generally transmitted to devices within a range of the primary UE 710. The
discovery may include peer-to-peer beacons and/or signals. The message may include
information indicating clone pairing capabilities. In such instances, devices that can perform
clone pairing may respond. Although shown as discovering a single secondary UE in Figure 7,
the primary UE 710 may discover two or more secondary UEs with which it may establish a
clone pairing. The secondary UE 720 may be within the same cell as the primary UE 710. In
some instances, the secondary UE 720 and the primary UE 710 can be served by different
TRPs within the same cell.

[0129] The primary UE 710 can collect information associated with the secondary
UE 720. For example, the primary UE 710 can collect one or more of availability of the
secondary UE 720 to serve as a secondary UE for the primary UE 710, recent CQI information,
precoding selection, or the like. The primary UE 710 can store the collected information
associated with the secondary UE 720. The primary UE 710 can collect and store information
associated with a plurality of secondary UEs 720.

[0130] After discovering the secondary UE 720, the primary UE 710 may generate
pairing information at block 742. The primary UE 710 can compute a joint spectral efficiency
of the primary UE 710 and the secondary UE 720 operating as a clone pair. The computation
of spectral efficiency can be based on information collected associated with discovering the

secondary UE in event 740. The UE pairing information can include the joint spectral
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efficiency. The joint spectral efficiency and/or other pairing information can be computed for
one or more additional secondary UEs. The primary UE 710 can generate a priority secondary
UE list indicating an order of preference of using secondary UEs in a clone pair in cases where
more than one secondary UE is available.

[0131] The pairing information can include information that can be used by the
secondary UE 720 to clone the primary UE 710. The pairing information may include
information identifying the primary UE 710 such as precoding information, a UE subscriber
ID, or an assigned Internet Protocol (IP) address. The pairing information may include an
identification of a type or amount of data expected to be transmitted or received via the clone
pairing. In some implementations, the pairing information may identify a desired active set of
one or more serving nodes.

[0132] The primary UE 710 can transmit UE pairing information to the network
system 730 at event 744. Because the network system 730 can detect conditions of the network
which may not be accessible to the primary UE 710, the network system 730 may use the
increased information to determine the clone pairing for the primary UE 710. In event 746,
the network system 710 can determine a clone pair. The network system 730 can update the
priority secondary UE list. In the example of Figure 7, the clone pair includes the primary
UE 710 and the secondary UE 720. The network system 730 can determine the clone pair
based on the UE pairing information transmitted at event 744. For example, the network
system 730 can determine the clone pair based on joint spectral efficiency of a pair of UEs.

[0133] The network system 730 can also take into account other network
information in determining the clone pair at event 746. The other network information can
include information identifying the mobility of secondary UEs. For example, the primary
UE 710 may determine that a specific secondary UE has a particularly strong signal strength
but, unbeknownst to the primary UE 710, is that the specific secondary UE is located on a
moving vehicle that is likely to soon exceed a desired distance range for clone pairing. The
network system 730 can use a criterion based on a set of metrics of the primary UE 710, the
secondary UE 710, or/or other UEs served by the network system to determine the best
operating regime to serve the primary UE 710. The metrics can include a device mobility state,
a Doppler estimate, a measure of the network-to-UE channel matrix condition such as Eigen-

value spread, a network congestion measure (e.g., network load), the like, or any suitable
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combination thereof. The metrics can include one or more operational characteristics of the
secondary UE 720 and/or one or more pairing metrics. In a tightly coupled mode, the uplink
transmissions from both the primary UE 710 and the secondary UE 720 can appear as one
transmission from the primary UE 710. This can be indicated by channel assignment and/or
signaling overhead.

[0134] If the clone pairing result from event 746 is not to establish a clone pair
(e.g., no secondary UEs were available for pairing), the message flow 700 can terminate and/or
start over. In such instances, the network system 730 may transmit a message to the primary
UE 710 that a clone pair is not being established.

[0135] In the message flow 700 shown in Figure 7, the secondary UE 720 is
identified by the network system 730 for pairing with the primary UE 710. The network
system 730 may communicate the identified pairing information to the primary UE 710 in
event 748. This can involve sending a clone pairing command. The pairing information may
include an identifier for the secondary UE 720. In some implementations, the pairing
information may include a security token and/or other authentication information to verify the
pairing as being performed by one or more parties authorized by the network system 730. The
clone pairing command can signal to the primary UE 710 to initiate a P2P link with a particular
secondary UE 720. In some instances, the network 730 can provide information identifying a
priority list of secondary UEs to establish a P2P link with and an order to try establishing the
P2P link.

[0136] The primary UE 710 can transmit a clone pairing request to the secondary
UE 720 at event 750. Then the secondary UE 720 can enter a clone mode. The secondary
UE 720 can send a confirmation to the primary UE 710 that the secondary UE 720 accepts the
request to enter the clone mode at event 752. In some instances, the secondary UE 720 can
also send a confirmation to the network system 730. Unlike in Figure 6, the secondary UE 720
can depend on the determination of the network system 730 when accepting the request for
pairing. In some implementations, the secondary UE 720 may perform some confirmation of
its ability to be part of clone pair (e.g., detecting that it has sufficient power).

[0137] A P2P communication channel can be established between the primary
UE 710 and the secondary UE 720 for clone traffic to and/or from the primary UE 710. In the

clone mode, the secondary UE 720 can estimate its own channel information and provide the
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channel information estimate to the primary UE 710 via the P2P link. The channel information
can include cellular channel information for the secondary UE 720, such as channel state
quality and/or channel noise estimates.

[0138] In event 754, the primary UE 710 can generate a joint channel report for the
primary UE 710 and the secondary UE 720. The joint channel report can include any suitable
joint channel information. For example, the joint channel report can include one or more of a
joint CQI, rank, or precoding selection. The joint QCI, rank, and/or precoding selection can
be computed based on information associated with the primary UE 710 and information
associated with the secondary UE 720. The joint channel report can appear to the network
system 730 as if were associated with a single UE when in fact the primary UE 710 and
secondary UE 720 are operating as a clone pair.

[0139] The primary UE 710 can transmit the joint channel report to the network
system 730 at event 756. Alternatively or additionally, the secondary UE 720 can transmit the
joint channel report to the network system 730. The transmission of the joint channel report
may occur via a cellular channel to one or more TRPs. The joint channel report can be
periodically generated and transmitted to the network system 730 in certain applications.

[0140] The network system 730 can serve traffic associated with the primary UE
710 based on the joint channel report. The network system 730 can serve the primary UE 710
based on the paired CQI of the primary UE 710 and the secondary UE 720.

[0141] The network system 730 can send a first cellular communication to the
primary UE 710 at event 756. The first cellular communication can include a first part of a
MIMO transmission to the primary UE 710. The network system 730 can send a second
cellular communication to the secondary UE 720 at event 760. The second cellular
communication can include a second part of the MIMO transmission to the primary UE 710.
The second cellular communication can be concurrent with the first cellular communication.
Accordingly, the network system 730 can serve traffic to the primary UE 710 and the secondary
UE 720 concurrently. The first part and the second part of the MIMO transmission can include
information indicating the respective cellular communications are associated with the primary
UE 710. The information can include an identifier or hash code, for example. The information

may be implied by a timing slot or frequency used to transmit the cellular communications.
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[0142] The secondary UE 720 can determine that the second part of the MIMO
transmission includes a communication for the primary UE 710. The secondary UE 720 can
provide the second part of the MIMO transmission to the primary UE 710 via the P2P link at
event 762. The secondary UE 720 can pass the second part of the MIMO transmission directly
over the P2P link. The P2P link between the primary UE 710 and the secondary UE 720 can
preferably occur over an air interface with a relatively short range, such as Bluetooth, Wi-Fi,
ZigBee, or other standardized or proprietary local area network protocol. In certain
applications, the second part of the MIMO transmission can be encapsulated, modified, or
otherwise reformatted into a format suitable for transmission via the peer-to-peer channel.

[0143] After event 762, the primary UE 710 can jointly process the first part of the
MIMO transmission and the second part of the MIMO transmission.

[0144] The primary UE 710 and the secondary UE 720 can also jointly send uplink
MIMO data from the primary UE 710 to the network 730. Similar events and communications
can be implemented for uplink communications. For example, the primary UE 710 may
transmit cellular communications to the network system 730 via a cellular interface and to the
secondary UE 720 via the peer-to-peer link. The secondary UE 720 may, in turn, transmit the
received communication to the network system 730. In some implementations, the uplink
transmissions to the network system 730 from the primary UE 710 and the secondary UE 720
may be coordinated (e.g., time, frequency, and/or spatial). The coordination may be specified
during the pairing process. In a tightly coupled mode, the uplink transmissions from both the
primary UE 710 and the secondary UE 720 can appear as one transmission from the primary
UE 710. This can be indicated by channel assignment and/or signaling overhead.

[0145] The pairing may be terminated based on changed network conditions and/or
a change in a UE condition, such as mobility or available battery. For example, the primary
UE 710 may detect channel degradation for the secondary UE 720 or a change in state (e.g.,
traffic state change, low battery) of secondary UE 720. Control messages may be exchanged
between the primary UE 710 and the secondary UE 720 to indicate one or more such changing
conditions. It may be desirable for the primary UE 710 to transmit a channel report identifying
a single-user mode before disassociating with the secondary UE 720. In some implementations,
the primary UE 710 may be limited to one active clone pairing. Accordingly, if a better
secondary UE is detected (e.g., stronger signal strength, power level, etc.), the primary UE 710
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may first disassociate from the secondary UE 720 before initiating a clone pairing with the
better secondary UE.

[0146] Figures 6 and 7 illustrate a tight coupling between a primary UE and a
secondary UE. The tightly coupled mode can be characterized, at least in part, by how the UEs
appear to the network system. From the perspective of the network system, the primary UE
and the secondary UE can appear as a single transmit-receive device. This can allow the
network system and the primary UE to exchange information at higher rates and/or with higher

MIMO rank because of the aggregation of antennas across the primary and secondary UEs.

Loosely Coupled Mode

[0147] In some implementations, it may be desirable to allow each UE of a clone
pair to maintain its own identity, but increase the rate by tunneling. In such instances, first data
may be transmitted to the primary UE along a first beam and second data may be transmitted
to the secondary UE along a second beam. The secondary UE may then transfer the second
data to the primary UE through a cloned peer connection. This tunneling arrangement may be
referred to a loose coupling.

[0148] In aloosely coupled pair of UEs, the primary UE and the secondary UE can
have different identities from a network perspective. The primary UE can establish a dual
connectivity (DC) tunnel through the secondary UE. TRPs of a network system can serve both
the primary UE and the secondary UE in MU-MIMO operation. A long term evolution-new
radio (LTE-NR) DC protocol, for example, can be leveraged by the primary UE to aggregate
MIMO data. Aggregation can be performed at a higher layer. For example, a Packet Data
Convergence Protocol (PDCP), an application layer (reuse DC protocol), or a radio link control
(RLC) protocol can be used in aggregating data by the primary UE. Example operations for
tightly coupled UE pairs are discussed with reference to Figure 8.

[0149] For a loosely coupled mode, the clone process can be initiated while the
primary UE isin a traffic state. The primary UE may determine to dissociate the P2P link with
the secondary UE in response to detecting channel degradation of the secondary UE. The
primary UE may determine to dissociate the P2P link with the secondary UE in response to
detecting a change in state of the secondary UE (e.g., a traffic state change, low battery mode,
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etc.). Tunnel set up and tear down protocol can leverage an LTE DC protocol. The primary
UE can tear down a tunnel before setting up a new tunnel.

[0150] Clone paring candidate consideration in a loosely coupled mode can be
based on a UE centric discovery based on P2P beacon measurement. A clone pair candidate
can be in an idle state or in an active state. Network assisted discovery with a list of available
idle secondary UEs can be implemented. Tunnel association can be implemented between
UESs connection to the same cell or two or more different cells.

[0151] Figure 8 illustrates example communications and events of an embodiment
of establishing a clone pair of UEs and a tunnel to a primary UE through a secondary UE. The
communications and events of Figure 8 relate to a loosely coupled mode in which a primary
UE 810 and a secondary UE 820 can retain separate identities from the perspective of the
network. In the communications and events of Figure 8, the clone pair decision is UE centric.
The message flow 800 illustrates example communications and events associated with a
primary user equipment 810, a secondary user equipment 820, and a network system 830. The
primary UE 810 can implement any suitable features of the UEs disclosed herein. The
secondary UE 820 can implement any suitable features of the UEs disclosed herein. The
network system 830 may be or include a base band unit or other network device configured to
schedule communications with devices within a service area. Additional or alternative entities
may be included to mediate one or more of the interactions shown such as network routers,
switches, security devices, or the like.

[0152] In event 840, the primary UE 810 can discover the secondary UE 820. The
discovery may include receiving, at the primary UE 810 a message from the secondary UE 820.
In some implementations, the discovery may be a broadcast discovery whereby a message is
generally transmitted to devices within a range of the primary UE 810. The discovery may
include peer-to-peer beacons and/or signals. The message may include information indicating
clone pairing capabilities. In such instances, devices that can perform clone pairing may
respond. Although shown as discovering a single secondary UE in Figure 8, the primary UE
810 may discover two or more secondary UEs with which it could establish a clone pairing.
The secondary UE 820 may be within the same cell as the primary UE 810. In some instances,
the secondary UE 820 and the primary UE 810 can be served by different TRPs within the cell.

40



WO 2020/131750 PCT/US2019/066639

[0153] The primary UE 810 can collect information associated with the secondary
UE 820. For example, the primary UE 810 can collect one or more of availability of the
secondary UE 820 to serve as a secondary UE for the primary UE 810, recent channel quality
indicator (CQI) information, precoding selection, or the like. The primary UE 810 can store
the collected information associated with the secondary UE 820. The primary UE 810 can
collect and store information associated with a plurality of secondary UEs 820.

[0154] After discovering the secondary UE 820, the primary UE 810 may generate
pairing information at event 842. The primary UE 810 can compute a joint spectral efficiency
of the primary UE 810 and the secondary UE 820 operating as a clone pair. The computation
of spectral efficiency can be based on information collected associated with discovering the
secondary UE in event 840. The primary UE 810 can compute an incremental spectral
efficiency that can be gained due to communicating with a network system via the P2P link
with the secondary UE. The incremental spectral efficiency can be computed based on a P2P
link condition and one or more channel conditions of the secondary UE. The UE pairing
information can include the joint spectral efficiency and/or the incremental spectral efficiency.
UE pairing information can be computed for one or more additional secondary UEs. The
primary UE 810 can generate a priority secondary UE list indicating an order of preference of
using secondary UEs as a clone pair in cases where more than one secondary UE is available.

[0155] The pairing information can include information that can be used by the
secondary UE 820 to clone the primary UE 810. The pairing information may include
information identifying the primary UE 810 such as precoding information, a UE subscriber
ID, or an assigned Internet Protocol (IP) address. The pairing information may include an
identification of a type and/or an amount of data expected to be transmitted and/or received via
the clone pairing. In some implementations, the pairing information may identify a desired
active set of one or more serving nodes.

[0156] The primary UE 810 can initiate a pair request. In event 844, the primary
UE 810 can transmit a pairing request to the secondary UE 820. The pairing request can
include pairing information generated at event 842. In cases where multiple secondary UEs
are discovered, the primary UE 810 may transmit a message to the top candidate secondary
UE and wait a pre-determined period of time for an acknowledgement. The top candidate

secondary UE can have the highest joint spectral efficiency with the primary UE 810 of the
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possible clone pairs. The primary UE 810 can prioritize candidate secondary UEs based on
one or more operational characteristics of a secondary UE and/or based on one or more pairing
metrics associated with the secondary UE. One or more of operational characteristics and/or
one or more of the pairing metrics described in association with the secondary UE 820
determining whether to accept the request can be used by the primary UE 810 in prioritizing
candidate secondary UEs. If an acknowledgement is not received from the top candidate
secondary UE, the primary UE 810 can continue to the next candidate in the priority peer list
until an acknowledgement is received. If no acknowledgement is received from any candidate
secondary UE, the message flow 800 can terminate and/or start over.

[0157] In event 846, the secondary UE 820 can determine whether to accept the
clone pairing request. The determination may include evaluating the type and/or amount of
data expected via the clone pairing. The determination may compare the expectations to the
resources needed by secondary UE 820 to support its own operations. The determination may
include detecting an operational characteristic of the secondary UE 820 such as power level
(e.g., battery power), processor load, memory, applications executing on the secondary UE
820, existing clone pairings with other UEs, MIMO capabilities, traffic state of the secondary
UE 820 (e.g., whether the secondary UE 820 is idle or actively communicating with the
network system 830), a channel condition associated with the secondary UE 820, or another
detectable operational metric for the secondary UE 820. In some implementations, the
operational characteristic may be compared to a threshold and if the characteristic satisfies the
threshold, the determination may indicate the secondary UE 820 is able to establish clone
pairing with the primary UE 810. In certain applications, a plurality of operational
characteristics can each be compared to a respective threshold, and the determination of
whether to accept a clone pairing request can be based on the comparisons. The determination
can be made based on some or all of the operational characteristics satisfying respective
thresholds.

[0158] The determination can be based on one or more of a variety of factors. For
example, the determination can be based on one or more pairing metrics. Example pairing
metrics include one or more lists associated with a user equipment such as a social network
list, one or more a priori agreements, or incentives such as tokens provided for serving in a

clone pair. Example incentives include cellular data allowance transfer from the primary UE,
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digital cash, or credit tokens associated with a social network service. In response to
determining to establish a clone pair, the secondary UE 820 can send a confirmation to the
primary UE 810 at event 848. If the pairing request is not granted by the secondary UE 820,
the primary UE 810 can send a pairing request to the next highest secondary UE on the priority
list.

[0159] In response to the secondary UE 820 confirming the paring request at event
848, the primary UE 810 and the secondary UE 820 can establish a clone pair. A P2P link can
be established between the primary UE 810 and the secondary UE 820. The primary UE 810
can request CQI and/or precoding information from the secondary UE 820. The secondary UE
820 can estimate its own cellular channel information and provide the cellular channel
information, such as channel state quality and/or channel noise estimates, to the primary UE
810 via the P2P link.

[0160] Unlike message flows in the examples of Figures 6 and 7, the message
flow 800 does not include generating and providing a joint channel report because the primary
UE 810 and the secondary UE 820 can retain their identities from the perspective of the
network system 830. Instead, in event 850, the primary UE 810 requests a tunnel from the
network system 830 through the secondary UE 820 to the primary UE 810. The tunnel can be
a DC tunnel in accordance with a DC tunnel protocol. The tunnel request can include
information identifying the primary UE 810 and the secondary UE 820. In some instances, the
tunnel request can include security information for establishing the tunnel such as encryption
information for data communicated via the tunnel.

[0161] In event 852, the network system 830 can determine whether to establish
the tunnel. If the network system 830 determines to establish the tunnel, the network system
830 can set up the tunnel. Because the network system 830 can detect conditions of the network
which are not accessible to the primary UE 810, the network system 830 can use the additional
information to determine whether and/or how to tunnel with the primary UE 810. The
determination may include identifying the mobility of secondary UE 820. The network
system 830 can use a criterion based on a set of metrics of the primary UE 810, the secondary
UE 820, or/or other UEs served by the network system 830. The metrics can include a device
mobility state, a Doppler estimate, a measure of the network-to-UE channel matrix condition

such as Figen-value spread, a network congestion measure (e.g., network load), the like, or
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any suitable combination thereof. One or more metrics can be modified to be consistent with
the available P2P information exchange bandwidth.

[0162] If the network system 830 determines not to establish the tunnel, the
message flow 800 can terminate and/or start over. In such instances, the network system 830
may transmit a message to the primary UE 810 declining the tunneling request.

[0163] In the message flow 800 shown in Figure 8, a first part of a tunnel is
established through the secondary UE 820 for the network system 830 to communicate with
the primary UE 810. The network system 830 establish the tunnel to the secondary UE 820 at
event 854. This can involve communicating tunneling information to the secondary UE 820.
The tunneling information may include an identifier for the primary UE 810. In some
implementations, the tunneling information may include a security token and/or other
authentication information to verify the tunnel as being performed by one or more parties
authorized by the network system 830.

[0164] A second part of the tunnel can be established between the primary UE 810
and the secondary UE 820 in event 856. The second part of the tunnel may be established over
a peer-to-peer air interface for relatively short distance communications such as Bluetooth or
another standardized or proprietary local area network protocol. In some implementations,
establishing of the tunnel may be achieved according to an LTE dual-connectivity protocol, an
LTE-Wi-Fi offload protocol, a LTE direct protocol, or another suitable standardized or
proprietary network tunneling protocol.

[0165] Once the tunnel is established from the network system 830 to the primary
UE 810, the secondary UE 820 can pass along downlink communications received via the
tunnel to the primary UE 810 and uplink communications received via the tunnel to the
network system 830. Communications between the secondary UE 820 and the network
system 830 can be over a cellular link while the communications between the secondary
UE 820 and the primary UE 810 can be via the peer-to-peer air interface. Accordingly, the
secondary UE 820 can use different communication technologies for communicating with the
primary UE 810 and the network system 830. Alternatively or additionally, the secondary
UE 820 can use different communication frequencies for communicating with the primary

UE 810 and the network system 830.
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[0166] The primary UE 810 may aggregate first cellular data received directly from
the network system 830 with second data received from the secondary UE 820 via the tunnel.

[0167] The primary UE 810 may determine to tear down the tunnel in response to
detecting changed conditions. For example, the primary UE 810 may detect channel
degradation of secondary UE 820 and/or a change of state (e.g., traffic state change, low
battery) for the secondary UE 820. In some implementations, the primary UE 810 may tear
down an established tunnel when a more efficient secondary UE is detected. In such instances,
the primary UE 810 may tear down the established tunnel before setting up a new tunnel, such

as via one or more of the messages shown in the message flow 800.

Providing Different Spatial Beams to UEs of a Clone Pair

[0168] In certain embodiments, a secondary UE of a clone pair can wirelessly
communicate with different beams and/or TRPs of a network system than a primary UE of the
clone pair. This can enable the clone pair to communicate with the network system at a higher
data rate and/or with higher MIMO rank than the primary UE is able to communicate with the
network system operating alone. Any suitable principles and advantages disclosed herein can
be applied to using different spatial beams from a network system to communicate with a clone
pair. The primary UE and the secondary UE can communicate with the same serving node via
respective different beams to thereby increase a data rate and/or MIMO rank.

[0169] Figure 9A illustrates an example MIMO communications environment 900
in which different beams from the same serving node are transmitted to different UEs of a pair
of UEs in communication via a P2P link. The illustrated MIMO communication environment
900 includes a BBU 110, a first RRU 902, a second RRU 904, a primary UE 920, and a
secondary UE 930.

[0170] The first RRU 902 can transmit a plurality of spatial beams, such as the
illustrated beams A1, A2, A3, and A4. Similarly, the second RRU 904 can transmit a plurality
of spatial beams, such as the illustrated beams B1, B2, B3, B4, and Bs. The primary UE 920
and the secondary UE 930 can each receive different beams from the first RRU 902 and the
second RRU 904. For example, the primary UE 920 can receive beams A1 and B2 and the
secondary UE 930 can receive beams A4 and B1. Accordingly, beams can be spatially

multiplexed to communicate with the primary UE 920 and the secondary UE 930. This can
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enable the primary UE 920 and the secondary UE 930 to receive data associated with the
primary UE 920 over different spatial beams. The secondary UE 930 can provide data received
for the primary UE 920 to the primary UE 920 over a P2P link. Cellular communications with
the primary UE 920 and the secondary UE 930 using different spatial beams can increase the
data rate and/or rank of data associated with the primary UE 920 being transmitted by the
network system.

[0171] Similar principles and advantages can be applied to using different spatial
beams for transmitting uplink data associated with the primary UE 920 using the primary
UE 920 and the secondary UE 930.

[0172] Figure 9B illustrates an example MIMO communications environment 950
in which different beams from a single serving node are transmitted to different UEs of a pair
of UEs in communication via a P2P link. The illustrated MIMO communication
environment 950 includes a BBU 110, an RRU 902, a primary UE 920, and a secondary
UE 930. Figure 9B illustrates that different beams of a single TRP can serve paired UEs. The
primary UE 920 and the secondary UE 930 can each receive different beams from the RRU 902.
Each of the paired UEs can receive a single beam in certain instances. As illustrated, the
primary UE 920 can receive beam A1 from the RRU 902 and the secondary UE 930 can receive
beam A4 from the RRU 902. The secondary UE 930 can provide data received for the primary
UE 920 to the primary UE 920 over a P2P link. Then the received data associated with beams
A1 and A4 can be aggregated by the primary UE 902. Similar principles and advantages can be
applied to using different spatial beams for transmitting uplink data associated with the primary

UE 920 using the primary UE 920 and the secondary UE 930.

Methods of Wireless Communication with Clone Pair

[0173] Figure 10A is a flow diagram illustrating an example method 1000 of
processing downlink data by a primary user equipment according to an embodiment. The
method 1000 can be performed by any suitable UE disclosed herein. Any suitable principles
and advantages associated with the message flow diagrams of Figures 6 to 8 can be
implemented in the method 1000. The method 1000 relates to aspects of a primary UE

processing MIMO data received from a serving node and a secondary UE.
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[0174] At block 1004, a first part of the MIMO downlink data transmission from
one or more serving nodes is received by the primary UE. The first part of the MIMO downlink
data transmission can be received by one or more antennas of the primary UE. The first part
of the MIMO downlink transmission can be received via a cellular link. A second part of the
MIMO downlink data transmission can be received from a secondary UE using a peer-to-peer
wireless interface at block 1006. The part of the MIMO downlink data transmission can be
received by a non-cellular communication over a P2P communication channel between the
primary UE and the secondary UE.

[0175] The primary UE can process the first part of the MIMO communication
together with the second part of the MIMO communication at block 1008. The primary UE
can include one or more antennas configured to receive MIMO downlink data at up to a
downlink peak data rate. The processing at block 1008 can be performed such that the MIMO
downlink data transmission is processed at a higher data rate than the downlink peak data rate.
The primary UE can include antennas configured to receive MIMO downlink data at up to a
rank of N, wherein N is a positive integer 2 or greater. The first and second parts of downlink
MIMO data transmission can together have a rank of greater than N. Accordingly, the
processing at block 1008 can involve processing a downlink MIMO data transmission having
a rank of greater than N.

[0176] Figure 10B is a flow diagram illustrating an example method 1010 of
transmitting uplink data by a primary user equipment according to an embodiment. The
method 1010 can be performed by any suitable UE disclosed herein. Any suitable principles
and advantages associated with the message flow diagrams of Figures 6 to 8 can be
implemented in the method 1010. The method 1010 relates to aspects of a primary UE
transmitting MIMO data to both a serving node and a secondary UE. Any suitable features of
the method 1010 can be implemented in combination with any principles and advantages of
the method 1000 of Figure 10A.

[0177] At block 1014, a communication channel is established between a primary
UE and the secondary UE. The communication channel can be established via a peer-to-peer
wireless interface of the primary UE. Non-cellular communications can be transmitted and
received over the communication channel. The primary UE can transmit a first part of MIMO

uplink data to one or more serving nodes at block 1016. The transmission to the one or more
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serving nodes can be a cellular communication. The first part of the MIMO uplink data can
be transmitted while the primary UE is in communication with the secondary UE via the
communication channel established at block 1014. The primary UE can also transmit a second
part of the MIMO uplink data to a secondary UE over the communication channel with the
secondary UE at block 1018. The transmission to the secondary UE can be a non-cellular
communication. The secondary UE can then transmit the second part to the MIMO uplink data
to one or more serving nodes.

[0178] The method 1010 can enable the primary UE to transmit uplink data to a
network system at a higher data rate and/or higher MIMO rank. The primary UE can include
one or more antennas configured to transmit MIMO downlink data at up to an uplink peak data
rate. The transmissions at blocks 1016 and 1018 can be performed such that the primary UE
effectively transmits MIMO uplink data transmission to a network system at a higher data rate
than the uplink peak data rate. The primary UE can include antennas configured to transmit
MIMO downlink data at up to a rank of N, wherein N is a positive integer 1 or greater. The
transmissions at blocks 1016 and 1018 can be performed such that the primary UE effectively
transmits uplink MIMO data a rank of greater than N.

[0179] Figure 11A is a flow diagram illustrating an example method 1100 of
processing downlink data by a secondary user equipment according to an embodiment. The
method 1100 can be performed by any suitable UE disclosed herein. Any suitable principles
and advantages associated with the message flow diagrams of Figures 6 to 8 can be
implemented in the method 1100. The method 1100 relates to aspects of a secondary UE
receiving MIMO data for a primary UE and transmitting the MIMO data to the primary UE.

[0180] At block 1104, a communication channel is established between a primary
UE and the secondary UE. The communication channel can be established via a peer-to-peer
wireless interface of the secondary UE. Non-cellular communications can be transmitted and
received over the communication channel. While the primary UE is receiving first MIMO
downlink data for the primary UE via a cellular communication, the secondary UE can receive
second MIMO downlink data for the primary UE at block 1106. The secondary UE can receive
the second MIMO downlink data via a cellular communication. At block 1108, the secondary
UE can transmit the second MIMO downlink data to the primary UE via the communication

channel.
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[0181] The primary user equipment can receive downlink MIMO data at up to a
maximum first UE rank via cellular communications, and the first MIMO downlink data and
the second MIMO downlink data can are together be included in a MIMO downlink data
transmission having a rank that is higher than the maximum first UE rank. The secondary user
equipment can receive downlink MIMO data at up to a maximum second UE rank via cellular
communications, and the first MIMO downlink data and the second MIMO downlink data can
together be included in a MIMO downlink data transmission having a rank that is higher than
the maximum second UE rank.

[0182] In certain instances, the method 1100 can include generating symbol level
data from the second MIMO downlink data received at block 1106. In such instances, the
second MIMO downlink data transmitted at block 1108 can include the symbol level data.

[0183] In some instances, the method 1100 can include sending MIMO physical
layer information to the primary user equipment over the communication channel. The
method 1100 can alternatively or additionally include determining to accept a pairing request
from the primary user equipment based on an operational characteristic of the secondary user
equipment, and wherein the establishing is in response to the determining.

[0184] Figure 11B is a flow diagram illustrating an example method 1110 of
processing uplink data by a secondary user equipment according to an embodiment. The
method 1110 can be performed by any suitable UE disclosed herein. Any suitable principles
and advantages associated with the message flow diagrams of Figures 6 to 8 can be
implemented in the method 1110. The method 1100 relates to aspects of a secondary UE
receiving MIMO data from a primary UE and transmitting the MIMO data to a network system.
Any suitable features of the method 1110 can be implemented in combination with any
principles and advantages of the method 1100 of Figure 11A.

[0185] At block 1114, a communication channel is established between a primary
UE and the secondary UE. The communication channel can be established via a peer-to-peer
wireless interface of the secondary UE. In certain applications, non-cellular communications
can be transmitted and received over the communication channel. Cellular communications
can be transmitted and received over the communication channel in some applications. While
the primary UE is transmitting first MIMO uplink data for the primary UE to a network system

via a cellular communication, the secondary UE can receive second MIMO uplink data from
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the primary UE via the communication channel at block 1116. At block 1118, the secondary
UE can transmit the second MIMO uplink data to the network system.

[0186] The primary user equipment can transmit uplink MIMO data at up to a
maximum first UE rank via cellular communications, and the first MIMO uplink data and the
second MIMO uplink data can are together be included in a MIMO uplink data transmission
having a rank that is higher than the maximum first UE rank. The secondary user equipment
can transmit uplink MIMO data at up to a maximum second UE rank via cellular
communications, and the first MIMO uplink data and the second MIMO uplink data can
together be included in a MIMO downlink data transmission having a rank that is higher than
the maximum second UE rank.

[0187] In certain instances, the method 1110 can include generating higher level
data from symbol level data received at block 1116. In such instances, the second MIMO
uplink data receive and transmitted at blocks 1116 and 1118, respectively, can include the
different level data.

[0188] In some instances, the method 1110 can include sending MIMO physical
layer information to the primary user equipment over the communication channel. The
method 1110 can alternatively or additionally include determining to accept a pairing request
from the primary user equipment based on an operational characteristic of the secondary user
equipment, and wherein the establishing is in response to the determining

[0189] Figure 12A is a flow diagram illustrating an example method 1200 of
processing uplink data by a network system according to an embodiment. The method 1200
can be performed by any suitable network system disclosed herein. Any suitable principles
and advantages associated with the message flow diagrams of Figures 6 to 8 can be
implemented in the method 1200. The method 1200 relates to aspects of a network system
processing uplink MIMO data associated with a primary UE, in which the uplink MIMO data
is received from the primary UE and a secondary UE.

[0190] At block 1204, a first uplink data transmission associated with a primary
user equipment from the primary user equipment can be received by a network system. The
primary user equipment is configured to transmit uplink data at a rate of up to a peak uplink
data rate. The network system can receive a second uplink data transmission associated with

the primary user equipment from a secondary user equipment at block 1206. The network
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system can process data associated with the first and second uplink data transmissions at block
1208. The processing at block 1208 can be performed so as to process uplink data associated
with the primary UE at a rate of greater than the peak uplink data rate of the primary UE.

[0191] Figure 12B is a flow diagram illustrating an example method 1210 of
transmitting downlink data by a network system according to an embodiment. The
method 1210 can be performed by any suitable network system disclosed herein. Any suitable
principles and advantages associated with the message flow diagrams of Figures 6 to 8 can be
implemented in the method 1210. The method 1210 relates to aspects of a network system
transmitting downlink MIMO data associated with a primary UE to the primary UE and a
secondary UE. Any suitable features of the method 1210 can be implemented in combination
with any principles and advantages of the method 1200 of Figure 12A.

[0192] Atblock 1214, the network system can generate downlink transmission data
for a primary UE. The network system can transmit parts of the downlink data transmission
for the primary UE to the primary UE and the secondary UE while the primary UE and the
secondary UE are in communication with each other via a P2P link. The network system can
transmit a first part of the downlink transmission data for the primary user equipment to the
primary user equipment at block 1216. This can occur while the primary user equipment is in
communication with a secondary user equipment via the P2P link. The network system can
transmit a second part of the downlink transmission data for the primary user equipment to the
secondary user equipment at block 1218. This can occur while the primary user equipment is

in communication with a secondary user equipment via the P2P link.

Terminology, Applications, and Conclusion

[0193] Depending on the embodiment, certain acts, events, or functions of any of
the processes or algorithms described herein can be performed in a different sequence, can be
added, merged, or left out altogether (e.g., not all described operations or events are necessary
for the practice of the algorithm). Moreover, in certain embodiments, operations, or events can
be performed concurrently, e.g., through multi-threaded processing, interrupt processing, or
multiple processors or processor cores or on other parallel architectures, rather than

sequentially.
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[0194] Conditional language used herein, such as “can,” “could,” “might,” “may,”
“e.g.,” and the like, unless specifically stated otherwise, or otherwise understood within the
context as used, is generally intended to convey that certain embodiments include, while other
embodiments do not include, certain features, elements, and/or steps. Thus, such conditional
language is not generally intended to imply that features, elements, and/or steps are in any way
required for one or more embodiments or that one or more embodiments necessarily include
logic for deciding, with or without other input or prompting, whether these features, elements,
and/or steps are included or are to be performed in any particular embodiment. The terms
“comprising,” “including,” “having,” and the like are synonymous and are used inclusively, in
an open-ended fashion, and do not exclude additional elements, features, acts, operations, and
so forth. Additionally, the words “herein,” “above,” “below,” and words of similar import,
when used in this application, shall refer to this application as a whole and not to any particular
portions of this application. Where the context permits, words in the above Detailed
Description of Certain Embodiments using the singular or plural may also include the plural
or singular, respectively. Also, the term “or” is used in its inclusive sense (and not in its
exclusive sense) so that when used, for example, to connect a list of elements, the term “or”
means one, some, or all of the elements in the list.

[0195] Disjunctive language such as the phrase “at least one of X, Y, Z,” unless
specifically stated otherwise, is otherwise understood with the context as used in general to
present that an item, term, etc., may be either X, Y, or Z, or any combination thereof (e.g., X,
Y, and/or Z). Thus, such disjunctive language is not generally intended to, and should not,
imply that certain embodiments require at least one of X, at least one of Y, or at least one of Z
to each be present.

[0196] Unless otherwise explicitly stated, articles such as “a” or “an” should
generally be interpreted to include one or more described items. Accordingly, phrases such as
“a device configured to” are intended to include one or more recited devices. Such one or more
recited devices can also be collectively configured to carry out the stated recitations. For
example, “a processor configured to carry out recitations A, B and C” can include a first

processor configured to carry out recitation A working in conjunction with a second processor

configured to carry out recitations B and C.

52



WO 2020/131750 PCT/US2019/066639

[0197] The word “coupled,” as generally used herein, refers to two or more
elements that may be either directly coupled to each other, or coupled by way of one or more
intermediate elements. Likewise, the word “connected,” as generally used herein, refers to
two or more elements that may be either directly connected, or connected by way of one or
more intermediate elements.

[0198] As used herein, the terms “determine” or “determining” encompass a wide
variety of actions. For example, “determining” may include calculating, computing,
processing, deriving, generating, obtaining, looking up (e.g., looking up in a table, a database
or another data structure), ascertaining and the like via a hardware element without user
intervention. Also, “determining” may include receiving (e.g., receiving information),
accessing (e.g., accessing data in a memory) and the like via a hardware element without user
intervention. Also, “determining” may include resolving, selecting, choosing, establishing, and
the like via a hardware element without user intervention.

[0199] As used herein, the terms “provide” or “providing” encompass a wide
variety of actions. For example, “providing” may include storing a value in a location of a
storage device for subsequent retrieval, transmitting a value directly to the recipient via at least
one wired or wireless communication medium, transmitting or storing a reference to a value,
and the like. “Providing” may also include encoding, decoding, encrypting, decrypting,
validating, verifying, and the like via a hardware element.

[0200] As used herein a “transmit-receive point” (TRP) (which can alternatively
be referred to as a transmission reception point) may refer to a transceiver device or one
transceiver element included in a device. When included as a transceiver element, the device
may include multiple TRPs. The TRP may include one or more antennas which are coupled to
signal processing circuitry. The signal processing circuitry may be included in the device. The
TRP may include additional elements to facilitate transmission or receipt of wireless signals
for one or more UEs. Example of such elements may include a power source, amplifier, digital-
to-analog converter, analog-to-digital converter, or the like. When a TRP is allocated, such as
by a BBU, to provide service to a UE, the TRP may be said to be a “serving node” for the UE.

[0201] As used herein a “remote radio unit” (RRU) may refer to a device for
controlling and coordinating transmission and receipt of wireless signals for one or more UEs.

An RRU may include or be coupled with one or more TRPs. The RRU may receive signals
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from the TRP and include the signal processing circuitry. The signal processing circuitry may
be selectively operated to facilitate processing of signals associated with different TRPs.
[0202] While the above detailed description has shown, described, and pointed out
novel features as applied to various embodiments, it can be understood that various omissions,
substitutions, and changes in the form and details of the devices or algorithms illustrated can
be made without departing from the spirit of the disclosure. For example, circuit blocks and/or
method blocks described herein may be deleted, moved, added, subdivided, combined,
arranged in a different order, and/or modified. Each of these blocks may be implemented in a
variety of different ways. Any portion of any of the methods disclosed herein can be performed
in association with specific instructions stored on a non-transitory computer readable storage
medium being executed by one or more processors. As can be recognized, certain
embodiments described herein can be embodied within a form that does not provide all of the
features and benefits set forth herein, as some features can be used or practiced separately from
others. The scope of certain embodiments disclosed herein is indicated by the appended claims
rather than by the foregoing description. All changes which come within the meaning and range

of equivalency of the claims are to be embraced within their scope.
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WHAT IS CLAIMED IS:

1. A user equipment comprising:

one or more antennas configured to receive a first part of a multiple-input
multiple-output (MIMO) downlink data transmission from one or more serving nodes;

a peer-to-peer wireless interface configured to receive a second part of the
MIMO downlink data transmission from at least one secondary user equipment; and

a processor in communication with the one or more antennas and the
peer-to-peer wireless interface, the processor configured to aggregate the first part of
the MIMO downlink data transmission together with the second part of the MIMO

downlink data transmission.

2. The user equipment of Claim 1, wherein the one or more antennas are
configured to receive MIMO downlink data at up to a downlink peak data rate, and wherein
the processor is configured to receive the first part of the MIMO downlink data transmission
from the one or more antennas and the second part of the MIMO downlink data transmission
from the peer-to-peer wireless interface such that the processor is configured to process the
MIMO downlink data transmission at a data rate that is higher than the downlink peak data

rate.

3. The user equipment of Claim 1, wherein the one or more antennas comprise at

least two antennas.

4. The user equipment of Claim 3, wherein the one or more antennas are
configured to receive MIMO downlink data at up to a rank of N, wherein N is a positive integer
2 or greater, and wherein the processor is configured to receive the first part of the MIMO
downlink data transmission from the one or more antennas and the second part of the MIMO
downlink data transmission from the peer-to-peer wireless interface such that the processor is

configured to process the MIMO downlink data transmission with a rank of greater than N.
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5. The user equipment of Claim 1, further comprising a transmitter in
communication with the peer-to-peer wireless interface, the transmitter configured to cause
transmission of a first part of the MIMO uplink data transmission via at least one transmit
antenna and to cause transmission of a second part of the MIMO uplink data transmission via

the peer-to-peer wireless interface.

6. The user equipment of Claim 5, wherein the one or more antennas comprise the

at least one transmit antenna.

7. The user equipment of Claim 1, wherein the processor configured to detect the
at least one secondary user equipment and to establish a communication channel with the at

least one secondary user equipment via the peer-to-peer wireless interface.

8. The user equipment of Claim 1, wherein the processor is configured to compute

a joint spectral efficiency of the user equipment and the at least one secondary user equipment.

9. The user equipment of Claim 1, wherein the processor is configured to initiate
a pairing with the at least one secondary user equipment such that the user equipment and the

at least one second user equipment receive downlink data in a coordinated manner.

10. The user equipment of Claim 1, wherein the processor is configured to compute
joint channel information associated with the primary user equipment and the secondary user
equipment, and wherein the processor is configured to cause the joint channel information to
be transmitted to a network system, the network system comprising the one or more serving

nodes.

11. A method of processing downlink data, the method comprising:

establishing a communication channel between a primary user equipment and
a secondary user equipment via a peer-to-peer wireless link between the primary user
equipment and the secondary user equipment;

while the primary user equipment is receiving first multiple-input

multiple-output (MIMO) downlink data for the primary user equipment via a cellular
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communication, receiving second MIMO downlink data for the primary user
equipment using one or more antennas of the secondary user equipment; and
transmitting the second MIMO downlink data to the primary user equipment

via the communication channel.

12. The method of Claim 11, wherein the second MIMO downlink data transmitted

to the primary user equipment via the communication channel is symbol level data.

13. The method of Claim 11, further comprising sending MIMO physical layer

information to the primary user equipment over the communication channel.

14. The method of Claim 11, further comprising receiving an identifier of the
primary user equipment; storing the identifier of the primary user equipment; and determining
that the received second MIMO downlink data for the primary user equipment is associated

with the primary user equipment based on the stored identifier.

15.  The method of Claim 11, further comprising determining to accept a pairing
request from the primary user equipment based on one or more operational characteristics of

the secondary user equipment, and wherein the establishing is in response to the determining.

16.  The method of Claim 11, further comprising determining to accept a pairing
request from the primary user equipment based on one or more pairing metrics, and wherein

the establishing is in response to the determining.

17. The method of Claim 11, wherein the primary user equipment is configured to
receive downlink MIMO data at up to a maximum rank via cellular communications, and
wherein the first MIMO downlink data and the second MIMO downlink data are together
included in a MIMO downlink data transmission having a rank that is higher than the maximum

rank.
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18. The method of Claim 11, wherein the secondary user equipment is configured
to receive downlink MIMO data at up to a maximum rank via cellular communications, and
wherein the first MIMO downlink data and the second MIMO downlink data are together
included in a MIMO downlink data transmission having a rank that is higher than the maximum

rank.

19. The method of Claim 11, wherein the first MIMO downlink data and the second
MIMO downlink data are together included in a MIMO downlink data transmission, and
wherein a rank of the MIMO downlink data transmission is greater than a number of antennas

of the one or more antennas of the secondary user equipment.

20. A method of processing uplink data, the method comprising:

establishing a communication channel between a secondary user equipment and
a primary user equipment via a peer-to-peer wireless interface of the secondary user
equipment;

while the primary user equipment is transmitting first multiple-input
multiple-output (MIMO) uplink data for the primary user equipment to a network
system via a cellular communication, receiving, by the secondary user equipment,
second MIMO uplink data transmission from the primary user equipment via the
communication channel; and

transmitting, using one or more antennas of the secondary user equipment, the

second MIMO uplink data to the network system.

21. The method of Claim 20, further comprising sending MIMO physical layer

information to the primary user equipment over the communication channel.

22. The method of Claim 20, wherein the second MIMO uplink data received from

the primary user equipment is symbol level data.
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23.  The method of Claim 20, further comprising determining to accept a pairing
request from the primary user equipment based on one or more operational characteristics of

the secondary user equipment, and wherein the establishing is in response to the determining.

24.  The method of Claim 20, further comprising determining to accept a pairing
request from the primary user equipment based on one or more pairing metrics, and wherein

the establishing is in response to the determining.

25.  The method of Claim 20, wherein the primary user equipment transmits the first
MIMO uplink data while the primary user equipment and the second are in communication via

the communication channel.

26. The method of Claim 20, wherein the primary user equipment is configured to
transmit uplink MIMO data at up to a maximum rank via cellular communications, and wherein
the first MIMO uplink data and the second MIMO uplink data are together included in a MIMO

uplink data transmission having a rank that is higher than the maximum rank.

27. The method of Claim 20, wherein the secondary user equipment is configured
to transmit uplink MIMO data at up to a maximum rank via cellular communications, and
wherein the first MIMO uplink data and the second MIMO uplink data are together included

in a MIMO uplink data transmission having a rank that is higher than the maximum rank.

28. A method of processing uplink data, the method comprising:

receiving, by a network system, a first uplink data transmission associated with
a primary user equipment from the primary user equipment, wherein the primary user
equipment is configured to transmit uplink data at a rate of up to a peak uplink data
rate;

receiving, by the network system, a second uplink data transmission associated
with the primary user equipment from a secondary user equipment; and

processing, by the network system, data associated with the first uplink data

transmission together with data associated with the second uplink data transmission so
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as to process uplink data associated with the primary user equipment at a rate of greater

than the peak uplink data rate of the primary user equipment.

29. The method of Claim 28, further comprising establishing a tunnel between the
primary user equipment and the network system through the secondary user equipment,

wherein the second uplink data transmission is via the tunnel.

30. The method of Claim 28, further comprising:
prior to the receiving the first uplink data transmission and the receiving the
second uplink data transmission,
determining, by the network system, to pair the primary user equipment
and the secondary user equipment for coordinated transmission of uplink data;
and
in response to the determining, transmitting, by the network system, a
pairing command to at least one of the primary user equipment or the secondary

user equipment.

31 The method of Claim 28, further comprising:

receiving, by the network system, a joint channel report associated with the
primary user equipment and the secondary user equipment; and

transmitting, by the network system, downlink data associated with the primary
user equipment to both the primary user equipment and the secondary user equipment

based on the joint channel report.

32. The method of Claim 28, further comprising transmitting, by the network
system, a first part of a downlink data transmission for the primary user equipment to the
secondary user equipment and a second part of the downlink data transmission for the primary

user equipment to the primary user equipment.
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33. The method of Claim 28, further comprising determining, by the network
system, that the first uplink data transmission and the second uplink data transmission are both

associated with the primary user equipment.

34. The method of Claim 28, wherein a transmit-receive point of the network
system receives at least a portion of the second uplink data transmission from the secondary
user equipment, and wherein the transmit-receive point is unavailable for cellular

communication with the primary user equipment.

35. The method of Claim 28, wherein the receiving the first uplink data
transmission and the receiving the second uplink data transmission are performed while the
primary user equipment and the secondary user equipment are in communication via a

peer-to-peer link.

36. A method of multiple-input multiple-output (MIMO) wireless communication,
the method comprising:

receiving, by a network system, first uplink MIMO data associated with a
primary user equipment from the primary user equipment;

receiving, by the network system, second uplink MIMO data associated with
the primary user equipment from a secondary user equipment, wherein the primary user
equipment is in communication with the secondary user equipment via a peer-to-peer
link;

aggregating, by the network system, the first uplink MIMO data together with
the second uplink MIMO data; and

transmitting, by the network system, downlink data associated with the primary

user equipment to a single user equipment via cellular communications.

37. The method of Claim 36, wherein the single user equipment is the primary user

equipment.
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38. The method of Claim 36, further comprising sending a pairing command, by
the network system, to at least one of the primary user equipment or the secondary user
equipment, wherein the pairing command initiates coordinated transmission of the uplink
MIMO data by the primary user equipment and the secondary user equipment to the network

system.

39. The method of Claim 36, further comprising obtaining, by the network system,
joint channel information associated with the primary user equipment and the secondary user

equipment, wherein the aggregating is based on the joint channel information.

40. The method of Claim 36, further comprising determining, by the network
system, that the first uplink data and the second uplink data are both associated with the

primary user equipment based on a common identifier.

41. The method of Claim 36, further comprising establishing a tunnel between the
network system and the primary user equipment through the secondary user equipment,
wherein the second uplink data MIMO data is received from the secondary user equipment via

the tunnel.

42, The method of Claim 36, wherein the receiving the first uplink MIMO data and
the receiving the first uplink MIMO data are performed at least partly concurrently.
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