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(57) Abstract: Embodiments of enabling a secondary cell in
a massive MIMO system are generally described herein. An
example apparatus of UE may include memory and pro-
cessing circuitry to configure a MIMO transceiver to estab-
lish primary cell transmit and receive channels for commu-
nication with an eNodeB, and to receive a secondary cell ad -
dition signal that includes a preamble index for a secondary
cell. The processing circuitry further configures the MIMO
transceiver to receive beam reference signals (BRS), and se-
lect one of the BRS from the eNodeB as a secondary cell
transmit channel for the secondary cell based on detected
BRS receive power. The processing circuitry further config-
ures the MIMO transceiver to provide information for the se-
lected BRS, and provide xPRACH transmissions that include
a transmit index to the eNodeB. The processing circuitry fur-
ther configures the MIMO transceiver to receive selection of
one of the xPRACH transmissions as a secondary cell receive
channel.
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ENABLING A SECONDARY CELL IN A MASSIVE MIMO SYSTEM
5 PRIORITY CLAIM
0001} This patent application is a continuation of and claims priority under
35 US.C §120 to International Application No. PCT/CN2016/075262, entitled
“ENABLING SECONDARY CELL IN MASSIVE MIMO SYSTEM,” filed on
March 1, 2016, which 1s hereby incorporated by reference herein in is entirety.
10
TECHNICAL FIELD
[0002] Embodiments pertain to cellular networks. Some embodiments relate
to carrier aggregation in Third Generation Partnership Project Long Term Evolution
(3GPP LTE) networks and LTE advanced (LTE-A) networks, as well as 4% generation

1S (4G) networks and 5 generation (5G) networks.

BACKGROUND
[0603] A massive Multiple Input and Multiple Output (MIMG) may be
apphed in the SG system to enhance the coverage and mmprove the spectrum
20 efficiency. In a massive MIMO system, an evolved node B (eNodeB) may maintain
a number of Transmitting (Tx) and Receiving (Rx) beams. Carrier aggregation may
present challenges in enabhing a primary and secondary cell for simultaneous

communication.
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BRIEF DESCRIPTION OF THE DRAWINGS
(0004} F1G. 1 illustrates a wireless telecommunications network in
accordance with some embodiments of the disclosure.
0005} FIGS. 2A and 2B diagrams of exemplary frame structures for signal
S transmissions device in accordance with some embodiments of the disclosure.
[6606] FIG. 3 dlustrates of an exemplary frame structure for a medium
access control control element signal device in accordance with some embodiments
of the disclosure.
(0007} FIG. 4 illustrates a signal diagram to enable a secondary cell ina
10 massive MIMO system in accordance with some embodiments of the disclosure.
[0008] FIG. 5 illustrates a signal diagram to enable a secondary cell ina
massive MIMO system in accordance with some embodiments of the disclosure.
[0009] FIG. 6 illustrates a flow diagram of a method to enable a secondary
cell in a massive MIMO system in accordance with some embodiments of the
1S disclosure.
16010} FIG. 7 illustrates a flow diagram of a method to enable a secondary
cell 1 a massive MIMO system in accordance with some embodiments of the
disclosure.
001 1] FIG. B8 illustrates a flow diagram of a method to enable a secondary
20 cell in a massive MIMO system in accordance with some embodiments of the
disclosure.
16012} FIG. 9 illustrates a block diagram of a machine in the example form
of a computer system in accordance with some embodiments of the disclosure.
001 3] FI(. 10 iliustrates a block diagram of components of a User

25  Egquipment (UE) device 1000 according to embodiments of the disclosure.

3
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DETATLED DESCRIPTION

(0014} The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included wn, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass avatlable equivalents of those claims.

(001 5] Embodiments provide systems and methods for enabling a secondary
cell in a massive MIMO system. In some implementations, a best (highest power) Tx
beam may be selected by the Beam Reference Signal Receiving Power (BRS-RP)
measured from BRS and the best Rx beam may be obtained by the Rx beam scanning
in Physical Random Access Channel (xPRACH). Some 5G systems may implement
carrier aggregation to increase the throughput {(e.g, through primary component
carrier serving a primary serving cell (PCell) and a secondary component carrier
serving a secondary cell (8Cell}). In some 5G implementations, the PCell and the
SCell may come from a same eNodeB or they may each come from a different
eNodeB. In massive MIMO systems, determining and exchanging the downlink Tx
beam and uplink Rx beam information for the SCell may present issues when the
PCell and the SCell come from different eNodeBs.

(6016} FiG. 1 illustrates a wireless telecommunications network 100 in
accordance with some embodiments of the disclosure. The illustrative
telecommunications network includes an evolved Node B (eNodeB) 110 and an
eNodeB 120. A telecommunications network may include many more eNodeBs. Each
of the eNodeB 110 and the eNodeB 120 are operable over corresponding coverage
areas or cells 112 and 122, respectively. Each base station's coverage area 112 and
122 may be further divided mnto three sectors (defined by the dotted lines from the
eNodeB 110 and the eNodeB 120 respectively). In some examples, each sector of the
eNodeB 110 and the eNodeB 120 can be also viewed as a cell. Handset or other user
equipment {(UE) 170 1s shown in a sector within the coverage area of the eNodeB 120,

The UE 170 may provide transmissions to and receive transnussions from the eNodeB



WO 2017/151185 PCT/US2016/049427

10

15

20

30

120 via a 130, The UE 170 may also provide transmissions to and receive
transmissions from the eNodeB 120 via a secondary cell {SCell} 140A, in some
examples. In other examples, the UE 170 may provide transmissions to and receive
transmuissions from the eNodeB 110 via a SCell 140B. As the UE 170 moves out of
the coverage area 122 of the eNodeB 120 and into the coverage area 112 of the
eNodeB 110, the UE 170 may be handed over to a sector of the eNodeB 110 In some
embodiments, the wireless telecommunications network 100 may be a massive
MIMO system, with each of the eNodeB 110 and the eNodeB 120 having more than
8 antennas (e.g., including 100 or more antennas i some examples), and the UE 170
mcluding multiple antennas for communication.

6617} In some examples, the eNodeB 110, the eNodeB 120 and the UE 170
may be implement carrier aggregation to increase throughput. That is, the eNodeB
110, the eNodeB 120, and the UE 170 mway conunumicate through a primary
component carrier serving a primary serving cell (PCell) 130 and through a secondary
component carrier serving a secondary cell {SCell}) 140A or 140B. As shown, the
SCell may be established with the same eNodeB as the PCell 130 {e.g., SCell 140A)
or with a different eNodeB (e.g., SCell 140B). In some examples, the wireless
telecommunications network 100 may be capable of commumicating using more than
one secondary cell each served by a corresponding different component carrier.

601 8] In operation, the wireless telecommunications network 100 may
mclude a massive MIMO architecture that implements carrier aggregation to increase
throughput. In the example shown, the UE 170 may establish the PCell 130 with the
eNodeB 120 and the SCell 140A or 140B. In some examples, the wireless
telecommunications network 100 may implement 3rd Generation parinership Project
{3GPP) fifth generation {5() wireless network or 3rd Generation partnership Project
(3GPP) long term evolution advanced (L TE-A) wireless network.

6019} For communication over the PCell 130 and the SCell 140A or 1408,
the wireless telecommunications network 100 may use a self-contained frame
structure 1n which control signaling and data may be transmitted with a single

subframe in a time-division multiplexing (TDM) manner. For example, there may be
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two types of frame structure: one for downlink data transmission and another for
uplink data transmission. As an example, FIG. 2A depicts a downhlink data
transmission 200 and FIG. 2B depicts an uplink data transmission 201, The downlink
data transmission 200 may include a physical downlink control channel (PDCCH)
252, a physical downlink shared channel (PDSCH) 254 and an acknowledgement
{ACK/NACK) 256. The uplink data transmussion 201 may include a physical uphink
control channel (PUCCH) 262 and a physical uplink shared channel (PUSCH} 264.
[0620] If the UE 170 1s full-duplex capable (e.g., capable of transmitting on
one of the PCell 130 or the SCell 140A or 140B and receiving on the other,
contemporaneously) and if the SCell 140A or 140B 1s enabled, the PCell 130 may use
the 200 and the SCell 140A or 140B may use the 201 in one subframe, or vice versa.
In some examples, the UE 170 may notity the eNodeB 120 that it 1s full-duplex
capable. In another example, the wireless telecommunications network 100 may pre-
define all UEs as being full-duplex capable.

6021} Because the wireless telecommunications network 100 15 a massive
MIMO system, the eNodeB 110 and the eNodeB 120 may each be capable of
maintaining a number of transmitting (Tx) and receiving {Rx) beams. Establishment
of the PCell 130 may be performed after imitial access 1s established with the eNodeB
120, and establishment of the SCell 140A or 140B may be performed after
establishment of the PCell 130,

16622} For the PCell 130, beam acquisition/selection for the downlink Tx
{(&.g., transmit channel from the eNodeB 110 or the eNodeB 120 and receive channel
at the UE 170) and uplink Tx (e g, recetve channel at the eNodeB 110 or the eNodeB
120 and transmit channel from the UE 170} may be performed to establish the PCell
130. In some examples, beam acquisition/selection for the downlink Tx may be based
on beam reference signal-receiving power {BRS-RP) at the UE 170 and for the uplink
Tx may be established by selecting a Rx beam by scanning extra physical random
access channel (xPRACH) transmissions at the eNodeB 120

0023} After establishment of the PCell 130, the eNodeB 120 and/or the
eNodeB 110 and the UE 170 may establish the SCell 140A or 140B when the UE 170
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is full-duplex capable. Establishment of the SCell 140A or 140B may be initiated
directly by the eNodeB 120 or may be responsive to a measurement event triggered
by the UE 170. For example, a massive MIMO transceiver of the eNodeB 120 may
send a SCell addition message via the PCell 130 to a MIMO transceiver of the UE
170. In another example, in response to the UE 170 detecting that the BRS-RP value
of a new cell is larger than a current cell by a threshold amount, the UE 170 may
trigger a measurement event by sending a request via the PCell 130 to the massive
MIMO transceiver of the eNodeB 120 to add the new cell. For example, when the
current SCell 15 the SCell 140A, the UE 170 may trigger a measurement event by
sending a request via the PCell 130 to the eNodeB 120 to add the SCell 140B when
the UE 170 detects that the BRS-RP associated with the SCell 140B exceeds the BRS-
RP associated with the SCell 140A by the threshold amount. In some examples, the
request may include the BRS-RP that 15 associated with the measurement event. The
threshold value may be configured via the PCell 130 signaling. In some examples, the
downlink Tx and/or the uplink Tx for the SCell 140A or 140B may be determined
based on information included 1n the measurement event request sent by the UE 170
For example, the request may include the selected BRS information for the downlink
Tx and the uplink Tx may be derived from the BRS information when to be used as
the and the
[0024] Because the SCell 140A or 140B may be on either the eNodeB 110 or
the eNodeB 120, establishment of the SCell 140A or 140B may include an xPRACH
transmission to initiate access to the network of either the eNodeB 110 or the eNodeB
20. The eNodeB 120 may send a preamble index to the UE 170 via the PCell 130
the SCell addition message. The SCell addition message may be higher level signaling
{e.g., radio resource control (RRC) signaling, etc.). The preamble index may define
when the xPRACH transmissions should occur and where the xPRACH transmissions
should be sent. For beam acquisition/selection, the massive MIMO transceiver of the
eNodeB 120 or the eNodeB 110 may provide BRSs to the UE 170 to establish the
downlink Tx (e.g., transmit channel from the eNodeB 110 or the eNodeB 120 and

receive channel at the UE 170} for the SCell 140A or 140B. The MIMO transceiver
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of the UE 170 may detect BRS-RP for each of the BRSs and may select the BRS
having the highest BRS-RP for the downlink Tx.

[0025] Based on the received preamble index, the UE 170 may calculate a
transmit index {(Tx Index). In some examples, the transmit index may be calculated
using the following equation:

(6026} TxIndex =Ny g+y

1060271 where N, imdicates a number of preamble in a single preamble group,
g represents the group index {e.g., which may be determined by the BRS-RP, in some
examples), and y represents the preamble index received from the eNodeB 120. For
beam acquisition/selection, the MIMO transceiver of the UE 170 may provide the
*PRACH transmussions to the massive MIMO transceiver of the eNodeB 110 or the
eNodeB 120 {e.g., whichever 1s being used to establish the SCell 140A or 140B}in a
subframe. The massive MIMO transceiver of the eNodeB 110 or the eNodeB 120
may scan for the xPRACH transmissions 1 the subframe and may the select a best
{e.g., having the highest signal power) of the xXPRACH transmissions as the uplink
Tx (e.g., receive channel from the eNodeB 110 or the eNodeB 120 and transmit
channel at the UE 170}

60238} The eNodeB 110 or the eNodeB 120 may determine the downlink Tx
by decoding the transmit index for the selected xPRACH transmission, in some
examples. In other examples, the eNodeB 110 or the eNodeB 120 may provide a
random access response (RAR) message and the UE 170 may response to the RAR
with a message {e.g., a Message 3} that includes the BRS-RP information.

(0029} After beam acquisition/selection, the activation/deactivation of the
SCell 140A or 140B may be controlled via a medium access control (MAC) control
element {CE}. In an example, the massive MIMO transceiver of the eNodeB 110 or
the eNodeB 120 may include a preamble index in the MAC CE, and the MIMO
transceiver of the UE 170 provide a xPRACH transnussion (e.g., similar to the
xPRACH transnussion for beam acquisition/selection for the SCell 140A or 140B)
having a transmut index based on the preamble index in the SCell 140A or 1408 to

activate the SCell 140A or 140B. The SCell 140A or 140B may be deactivated by
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providing an mvalid preamble index in the MAC CE. As an example, FIG. 3 depicts
an exemplary MAC CE 300. The exemplary MAC CE 300 may include a first word
310 identifies a target cell {e.g., C1-C7) to be activated or deactivated and a second
word 320 that includes the preamble index.

[0030) FIG. 4 illustrates a signal diagram 400 to enable a secondary cell ina
massive MIMO system in accordance with some embodiments of the disclosure. In
an example, the SCell beam acquisition/selection can be setup between a UE 470 to
an eNodeB 420. The UE 470 may be implemented n the UE 170 of Figure 1. The
eNodeB 420 may be implemented m the eNodeB 120 of Figure 1.

[0031] During the SCell beam acquisition/selection process, a massive
MIMO transceiver of the eNodeB 420 may provide a SCell addition signal [1] to the
UE 470 via a PCell (e.g., such at the PCell 130 of Figure 1), The SCell addition signal
[1] may include a preamble index. The SCell addition signal [1] may be a RRC
message. In response to the SCELL addition signal [1], the UE 470 may provide an
acknowledgment [2] to the eNodeB 420 using the PCell. Responsive to receipt of the
acknowledgement [2], the eNodeB 420 may provide BRS transmissions [3] to the UE
470 using the SCell. The UE 470 may select a BRS transmission having a highest
BRS-RP for the downlink Tx.

{6632} The UE 470 may further determine a transmut index based on the
selected BRS transmussion and the preamble index. The UE 470 may provide
*PRACH transmissions {4] having the transmit mdex to the eNodeB 420 using the
SCell. The eNodeB 420 may select one of the xPRACH transmissions as the uplink
Tx based on signal strength. The eNodeB 420 may provide a random access response
{(RAR)} [5] to the UE 470 using the SCell to request the selected BRS-RP information
for the downlink Tx. Responsive to receipt of the RAR [5] message, the UE 470 may
provide a Message 3 that includes the selected BRS-RP mformation [6] for the
downlink. In some examples, SCell transmission by the eNodeB 420 may be via a
different eNodeB (e.g, the eNodeB 110 of Figure 1) than the eNodeB that provided
the PCell transmissions. After the Message 3 that includes the selected BRS-RP

information [6] is received at the eNodeB 420, the eNodeB 420 may activate or
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deactivate the SCell using a MAC CE communication with the UE 470

6033} FIG. 5 illustrates generally a signal diagram 500 to enable a secondary
cell in a massive MIMO system in accordance with some embodiments of the
disclosure. In an example, the SCell beam acquisition/selection can be setup between
a UE 570 to an eNodeB 520. The UE 570 may be implemented in the UE 170 of
Figure 1. The eNodeB 520 may be implemented in the eNodeB 120 of Figure 1.
[0034] During the SCell beam acquisition/selection process, a massive
MIMO transceiver of the eNodeB 520 may provide a SCell addition signal [1] to the
UE 570 via a PCell (e.g., such at the PCell 130 of Figure 1}. The SCell addition signal
[1] may include a preamble mdex. The SCell addition signal [1] may be a RRC
message. In response to the SCELL addition signal [1], the UE 570 may provide an
acknowledgment [2] to the eNodeB 520 using the PCell. Responsive to receipt of the
acknowledgement [2], the eNodeB 520 may provide BRS transmissions [ 3] to the UE
570 using the SCell. The UE 570 may select a BRS transmission having a highest
BRS-RP for the downlink Tx.

[0035] The UE 570 may further determine a transmut index based on the
selected BRE transmussion and the preamble index. The UE 570 may provide
xPRACH transmissions {4] having the transmit index to the eNodeB 520 using the
SCell. The eNodeB 520 may select one of the xPRACH transmissions as the uplink
Tx based on signal strength. The eNodeB 520 may also determine the BRS-RP
mformation from the transmut index of the selected one of the xPRACH
transmissions. In some examples, SCell transmission by the eNodeB 520 may be via
a ditferent eNodeB (e.g., the eNodeB 110 of Figure 1) than the eNodeB that provided
the PCell transmussions. After the xPRACH transmissions are received at the eNodeB
520, the eNodeB 520 may activate or deactivate the SCell using a MAC CE
communication with the UE 570.

[8636] FIG. 6 illustrates a flow diagram of a method 600 to enable a secondary cell
in a massive MIMOQ system in accordance with some embodiments of the disclosure.
The method 600 may be implemented in any of the eNodeB 110 and/or the eNodeB
120 of Figure 1, the eNodeB 420 of Figure 4, the eNodeB 320 of Figure S, or
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combinations thereof.

[9037f The method 600 may include establishing, for a primary cell, a primary cell
transmit channel (e g, downlink Tx} and a primary cell receive channel {e g, uplink
Tx} for communication with user equipment {(UE), at 610. The UE may include the
UE 170 of Figure 1, the UE 470 of Figure 4, the UE 570 of Figure S, or combinations
thereof. The primary cell may include the PCell 130 of Figure 1.

[0038] After establishing the primary cell transmit channel and the primary cell
receive channel, the method 600 may include providing a secondary cell addition
signal for a secondary cell to the UE, at 620. The secondary cell addition signal may
mclude a preamble index. In some examples, the method 600 may further include,
prior to providing the secondary cell addition signal to the UE, determining whether
the UE has capability of contemporaneously receiving from one cell and transmitting
to a second cell. Provision of the secondary cell addition signal to the UE may be in
response 1o a determination that the UE has the capability of contemporaneously
recetving from one cell and transmutting to a second cell. The method 600 may further
melude recetving an indication that the UE {e.g., such as via RRC signaling from the
UE} has the capability of contemporaneously receiving from one cell and transmitting
to a second cell.

86391 The method 600 may mnclude providing beam reference signals to the UE,
at 630. The method 600 may include receiving, from the UE, selection of a secondary
cell transmit channel {e.g., downlink Tx} for communication with the UE based on
receive power associated with the beam reference signals at the UE, at 640. The
secondary transmit channel may be associated with a secondary cell, such as the SCell
140A or 140B of Figure 1. Receiving selection of the secondary cell transmit channel
for communication with the UE may include receiving the selection of the secondary
cell transmit channel via a separate message after selecting the secondary cell receive
channel. The method 600 may further include providing a random access response
message to the UE fo request the separate message from the UE.

[8046] The method 600 may include scanning physical random access channel

(xPRACH) transmissions, at 650. The xPRACH transmissions may include a transmit

10
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index that 15 derived from the preamble index. The method 600 may include selecting
one of the xPRACH transmissions as a secondary cell receive channel {e.g., uphnk
Tx) for communication with the UE, at 660. In some examples, recetving selection of
the secondary cell transmit channel for communication with the UE is via the
xPRACH transmissions. The method 600 may further include decoding the transmit
mdex received via the selected one of the xPRACH transmussions to determine the
secondary cell transmit channel. The method 600 may further include providing the
selected secondary cell receive channel to the UE. The method 600 may further
mclude activating the secondary cell by providing, to the UE, a MAC-CE (e.g, the
MAC-CE of Figure 3) that includes identification of the secondary cell and a
preamble index. The method 600 may further include deactivating the secondary cell
by providing, to the UE, the MAC-CE that includes identification of the secondary
cell and an nvalid preamble index.

[0041] In some examples, the method 600 may further mclude nitiating
replacement of the secondary cell with a different secondary cell responsive receipt
of a measurement event message from the UE. The measurement event message may
identify a different secondary transmit channel of the different secondary cell. The
measurement event may be triggered by the UE in response to a determination that
the BRS-RP for the different secondary cell exceeds the BRS-RP for the secondary
cell by a threshold amount The method 600 may further include determining a
different secondary receive channel that corresponds to the different secondary
transmit channel. The method 600 may further include providing a secondary celi
addition signal to the UE, wherein the secondary cell addition signal includes a second
preamble index, scanming the xPRACH transmussions, wherein the xPRACH
transmussions include a second transmit index that is derived from the second
preamble index, and selecting one of the xPRACH transmussions as a different
secondary cell receive channel for communication with the UE.

[0042] FI1G. 7 illustrates a flow diagram of a method 700 to enable a secondary cell
m a massive MIMO system in accordance with some embodiments of the disclosure.

The method 700 may be implemented in any of the UE 170 of Figure 1, the UE 470

11
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[8043] The method 700 may include establishing a primary cell transmit channel
and a primary cell receive channel for communication with an evolved Node B
{eNodeB), at 710. The eNodeB may include the eNodeB 110 and/or the eNodeB 120
of Figure 1, the eNodeB 420 of Figure 4, the eNodeB 520 of Figure 5, or combinations
thereof. The primary cell may include the PCell 130 of Figure 1.

[0044] After establishing the primary cell transmit channel and the primary cell
receive channel, the method 700 may include recetving a secondary cell addition
signal for a secondary cell from the eNodeB, at 720. The secondary cell addition
signal may include a preamble index. The secondary cell may include the SCell 140A
or 140B of Figure 1. In some examples, the method 700 may further include providing
an indication {e.g, such as via RRC signaling) that the UE has a capability to
contemporaneously receive information from one cell and transnut information to a
second cell, which may be used in a determnation as to whether the UE would support
enabling a secondary cell.

[0045] The method 700 may mclude receiving beam reference signals from the
eNodeB, at 730. The method 700 may include selecting one of the beam reference
signals from the eNodeB as a secondary cell transmit channel for the secondary cell
based on detected beam reference signal receive power, at 740.

[8046] The method 700 may further inchude providing information for the selected
beam reference signal to the eNodeB, at 750. Providing information for the selected
beam reference signal to the eNodeB may include providing a separate message that
mcludes 1dentification of the secondary cell transmit channel In some examples,
providing the separate message may be in response 1o a random access response
message from the eNodeB.

{0047} The method 700 may include providing physical random access channel
{(xPRACH) transmisstons to the eNodeB, at 760. The xPRACH transmissions may
include a transmit index that s derived from the preamble index. In some examples,

providing mformation for the selected beam reference signal to the eNodeB may
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include encoding the information for the selected beam reference signal in the
transmit index.

[0048] The method 700 may include receiving selection of one of the xPRACH
transmussions as a secondary cell receive channel for the secondary cell for
communication with the UE, at 770,

[0049] The method 700 may further include inttiating replacement of the secondary
cell with a different secondary cell responsive to detection of beam reference signal
receive power associated with the different secondary cell exceeding the beam
reference signal receive power associated with the secondary cell by a threshold
amount. In some examples, the method 700 may turther include determining selection
of a secondary transnut channel that corresponds to the different secondary transmit
channel from the eNodeB. In some examples, the method 700 may further include
recerving a second secondary cell addition signal, wherein the second secondary cell
addition signal includes a second preamble index, providing the xPRACH
transmussions to the eNodeB, and receiving selection of one of the xPRACH
transmissions as a different secondary cell transmit channel. The xPRACH
transmissions may include a second transmit index that is derived from the second
preamble index.

[8050] FIG. 8 Hustrates a flow diagram of a method 800 to enable a secondary cell
i a massive MIMO system in accordance with some embodiments of the disclosure.
The method 800 may be implemented in any of the UE 170 of Figure 1, the UE 470
of Figure 4, the UE 570 of Figure 5, or combinations thereof.

18051} The method 800 may include establishing a primary cell and a secondary
cell with an evolved Node B {(eNodeB), at 810. The eNodeB may mclude the eNodeB
110 and/or the eNodeB 120 of Figure 1, the eNodeB 420 of Figure 4, the eNodeB 520
of Figure 5, or combinations thereof. The primary cell may include the PCell 130 of
Figure 1. The secondary cell may include the SCell 140A or 140B of Figure 1.
[0052] The method 800 may include measuring a beam reference signal-receive

power (BRS-RP) associated with a different secondary cell, at 820. In some examples,
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the different secondary cell may be associated with a different eNodeB (e g, such as
the eNodeB 110 of Figure 1} than the eNodeB associated with the secondary cell.
[8053] The method 800 may include, in response to the BRS-RP associated with
the different secondary cell exceeding a BRS-RP associated with the secondary cell
by a threshold value, initiate deactivation of the secondary cell and activation of the
different secondary cell, at 830. The method 800 may further include receiving the
threshold value from the eNodeB via the primary cell. In some examples, the method
800 may nclude deactivating the secondary cell responsive to reception of a medium
access control control element (MAC-CE) with an invalid preamble index. The MAC-
CE may have a format of the MAC-CE 300 of Figure 3. In some examples, the method
800may further imclude providing a physical random access channel (xPRACH)
transmussion for the different secondary cell responsive to recetving the MAC-CE
message. The method 800 may further include encoding the xPRACH transnussion
with a transmit index derived from a preamble index received in the MAC-CE.
[86054] FIG. 9 illustrates generally an example of a block diagram of a
machine 300 upon which any one or more of the techniques {e.g., methodologies)
discussed herein can perform m accordance with some embodiments. In alternative
embodiments, the machine 900 can operate as a standalone device or can be connected
{e.g., networked) to other machines. In a networked deployment, the machine 900 can
operate in the capacity of a server machine, a client machine, or both in server-chient
network environments. In an example, the machine 900 can act as a peer machine in
peer-to-peer (P2P) {or other distributed) network environment. The machine 900 can
be a personal computer {PC), a tablet PC, a set-top box (8TB), a personal digital
assistant {PDA)}, a mobile telephone, a web appliance, a network router, switch or
bridge, or any machine capable of executing instructions {sequential or otherwise)
that specify actions to be taken by that machine Further, while only a single machine
is illustrated, the term “machine” shall also be taken to include any collection of
machines that individually or jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed herein, such as cloud

computing, software as a service {Saa8), other computer cluster configurations.
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RRY Examples, as described herein, can include, or can operate on, logic or
a number of components, modules, or mechanisms. Modules are tangible entities
{e.g., hardware) capable of performing specified operations when operating. A
module includes hardware. In an example, the hardware can be specifically
configured to carry out a specific operation {e.g., hardwired) In an example, the
hardware can include configurable execution units {e.g., transistors, circuits, ete.) and
a computer readable medium containing mstructions, where the instructions configure
the execution umits to carry out a specific operation when in operation. The
configuring can occur under the direction of the executions units or a loading
mechanism. Accordingly, the execution units are communicatively coupled to the
computer readable medium when the device is operating. In this example, the
execution units can be a member of more than one module. For example, under
operation, the execution units can be configured by a first set of nstructions to
mmplement a first module at one point in time and reconfigured by a second set of
mstructions to implement a second module.

[0656] Machine {e.g, computer system} 900 can incluode a hardware
processor 902 {e.g., a central processing umt (CPU}, a graphics processing umit
{GPU}, a hardware processor core, or any combination thereot), a main memory 904
and a static memory 906, some or all of which can communicate with each other via
an interlink {e.g., bus) 908. The machine 900 can further include a display unit 910,
an alphanumeric input device 912 {e.g., a keyboard), and a user interface (UD)
navigation device 914 {eg, a mouse}. In an example, the display unit 910,
alphanumeric input device 912 and Ul navigation device 914 can be a touch screen
dispiay. The machine 900 can additionally include a storage device {e.g., drive unit)
916, a signal generation device 918 (e.g., a speaker), a network interface device 920,
and one or more sensors 921, such as a global positioning system (GPS) sensor,
compass, accelerometer, or other sensor. The machine 900 can include an output
controller 928, such as a serial {e. g, universal senal bus (USB), parallel, or other
wired or wireless {e.g., infrared (IR}, near field communication (NF(C), etc)

connection to communicate or control one or more peripheral devices {e.g., a printer,

Ju—Y
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card reader, etc.).

80571 The storage device 916 can include a machine readable medium 922
that 1s non-transitory on which is stored one or more sets of data structures or
mstructions 924 (e g, software) embodying or utilized by any one or more of the
techniques or functions described herein. The instructions 924 can also reside,
completely or at least partially, within the main memory 904, within static memory
906, or within the hardware processor 902 during execution thereof by the machine
900. In an example, one or any combination of the hardware processor 902, the main
memory 904, the static memory 906, or the storage device 916 can constitute machine
readable media.

[0058] While the machine readable medium 922 1s illustrated as a single
medium, the term "machine readable medium” can include a single medium or
multiple media {e.g., a centralized or distributed database, and/or associated caches
and servers) configured to store the one or more instructions 924.

[86059] The term “machine readable medium” can include any medium that 13
capable of storing, encoding, or carrying wnstructions for execution by the machine
900 and that cause the machine 900 to perform any one or more of the techniques of
the present disclosure, or that is capable of storing, encoding or carrying data
structures used by or associated with such mstructions. Non-limiting machine
readable medium examples can include solid-state memories, and optical and
magnetic media. In an example, a massed machine readable medium comprises a
machine readable medium with a plurality of particles having nvariant {e.g., rest)
mass. Accordingly, massed machine-readable media are not transitory propagating
signals. Specific examples of massed machine readable media can include. non-
volatile memory, such as semiconductor memory devices {e.g., Electrically
Programmable Read-Only Memory (EPROM), Electrically Erasable Programmable
Read-Only Memory (EEPROM)) and flash memory devices; magnetic disks, such as
mnternal hard disks and removable disks; magneto-optical disks; and CD-ROM and
DVD-ROM disks.

[ 0060} The instructions 924 can further be transmitted or received over a
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communications network 926 using a transmission medium via the network interface
device 920 utilizing any one of a number of transfer protocols {e g, frame relay,
internet protocol (IP}, transmission control protocol (TCP), user datagram protocol
{(UDP), hypertext transfer protocol (HTTP), etc ). Example communication networks
can inchude a local area network (LAN), a wide area network (WAN), a packet data
network (e g., the Internet), mobile telephone networks {e.g., cellular networks), Plain
Old Telephone (POTS) networks, and wireless data networks {e g, Institute of
Electrical and Electronics Engineers (IEEE) 802,11 fanuly of standards known as Wi-
Fi®, TEEE 802.16 fanuly of standards known as WiMax®), IEEE 802.15.4 fanily of
standards, peer-to~-peer (P2P) networks, among others. In an example, the network
interface device 920 can include one or more physical jacks (e.g., Ethernet, coaxal,
or phone jacks) or one or more antennas to connect to the commurnucations network
926. In an example, the network interface device 920 can include a plurabity of
antennas to wirelessly communicate using at least one of single-input multiple-output
{SIMO), multiple-mmput multiple-output (MIMQO), or multiple-input single-output
{(MISO) techniques. The term “transmussion mediom” shall be taken to mclode any
mtangible medium that is capable of storing, encoding or carrying instructions for
execution by the machine 900, and mcludes digital or analog communications signals
or other intangible medium to facilitate communication of such software.

0061} As used herein, the term "circuitry"” may refer to, be part of, or include
an Application Specific Integrated Circuit (ASIC), an electronic circut, a processor
(shared, dedicated, or group), and/or memory (shared, dedicated, or group) that
execute one or more software or firmware programs, a combinational logic circuit,
and/or other suitable hardware components that provide the described functionality.
In some embodiments, the circuitry may be implemented in, or functions associated
with the circuitry may be implemented by, one or more software or firmware modules.
In some embodiments, circuitry may include logic, at least partially operable in
hardware.

(0062} Embodiments described herein may be implemented into a

system using any suitably configured hardware and/or software. Figure 1 illustrates a
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block diagram of components of a User Equipment (UE) device 1000 according to
embodiments of the disclosure. The UE 1000 may be implemented in the UE 170 of
Figure 1, the UE 470 of Figure 4, the UE 570 of Figure 5, or combinations thereof
The UE 1000 may be configured to implement the method 600 of Figure 6, the method
700 of Figure 7, the method 800 of Figure 8, or combinations thereof In some
embodiments, the UE device 1000 may include application circuitry 1002, baseband
circuitry 1004, Radio Frequency (RF) circuitry 1006, front-end module (FEM)
circuitry 1008 and one or more antennas 1010, coupled together at least as shown.
(8063} The application circuitry 1002 may include one or more application
processors. For example, the application circuitry 1002 may include circuitry such as,
but not limtited to, one or more single-core or multi-core processors. The processor(s)
may include any combination of general-purpose processors and dedicated processors
{e.g., graphics processors, application processors, etc.). The processors may be
coupled with and/or may include memory/storage and may be configured to execute
mstructions  stored 1 the memory/storage to enable various applications
and/or operating systems to run on the system.

(8064} The baseband circuitry 1004 may inclade circuttry such as, but not
himited to, one or more single-core or multi-core processors. The baseband circustry
1004 may nclude one or more baseband processors and/or control logic to process
baseband signals received from a receive signal path of the RF circuitry 1006 and to
generate baseband signals for a transmit signal path of the RF circuitry 1006
Baseband processing circuity 1004 may interface with the application circuitry 1002
for generation and processing of the baseband signals and for controlling operations
of the RF circuitry 1006. For example, in some embodiments, the baseband circuitry
1004 may include a second generation (2G) baseband processor 1004a, third
generation {3(G) baseband processor 1004b, fourth generation (4G} baseband
processor 1004c, and/or other baseband processor(s) 1004d for other existing
generations, generations in development or to be developed in the future {e.g., fifth
generation (3G), 6, etc. ). The baseband circuitry 1004 {e.g., one or more of baseband

processors  1004a-d} may handle various radio control functions that
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enable communication with one or more radio networks via the RF circuitry 1006
The radio control functions may include, but are not limited to, signal
modulation/demodulation, encoding/decoding, radio frequency shifting, etc. In some
embodiments, modulation/demodulation circuitry of the baseband circuitry 1004 may
include Fast-Fourier Transform (FFT), precoding, and/or constellation
mapping/demapping functionality. In some embodiments, encoding/decoding
circuitry of the baseband circuitry 1004 may include convolution, tail-biting
convolution, turbo, Viterbi, and/or Low Density Parity Check (LDPC)
encoder/decoder functionality. Ewmbodiments of modulation/demodulation and
encoder/decoder functionality are not limited to these examples and may include other
suttable functionality in other embodiments.

[0065] In some embodiments, the baseband circuitry 1004 may include
elements of a protocol stack such as, for example, elements of an evolved universal
terrestrial radio access network {EUTRAN) protocol including, for example, physical
{(PHY), media access control (MAC), radio link countrol (RLC), packet data
convergence protocol (PDCP), and/or radio resource control (RRC) elements. A
central processing unit (CPU) 1004e of the baseband circuitry 1004 may be
configured to run elements of the protocol stack for signaling of the PHY, MAC,
RLC, PDCP and/or RRC layers. In some embodiments, the baseband circuitry may
melude one or more audio digital signal processor(s) (BSP) 1004f The audic BSP(s)
1004f may be include elements for compression/decompression and echo cancellation
and may include other suitable processing elements in other embodiments.
Components of the baseband circuitry may be suitably combined in a single chip, a
single chipset, or disposed on a same circuit board in some embodiments. In some
embodiments, some or all of the constituent components of the baseband circuitry
1004 and the application circuitry 1002 may be implemented together such as, for
example, on a system on a chip (SOC).

[ 0066} In some embodiments, the baseband circuitry 1004 may provide for
communication compatible with one or more radio technologies. For example, in

some embodiments, the baseband circuitry 1004 may support communication with an
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evolved universal terrestrial radio access network (EUTRAN) and/or other wireless
metropolitan area networks (WMAN), a wireless local area network (WLAN), a
wireless personal area network (WPAN). Embodiments in which the baseband
circuttry 1004 1s configured to support radio communications of more than one
wireless protocol may be referred to as multi-mode baseband circutry.

(6667} RF circuitry 1006 may enable commmunication with wireless networks
using modulated electromagnetic radiation through a non-solid medium. In various
embodiments, the RF circuitry 1006 may include switches, filters, amplifiers, etc. to
faciitate the communication with the wireless network. RF circuitry 1006 may
mclude a receive signal path which may include circuitry to down-convert RF signals
received from the FEM circuitry 1008 and provide baseband signals to the baseband
circuitry 1004, RF circuitry 1006 may also include a transmit signal path which may
mclude circuitry to up-convert baseband signals provided by the baseband circuttry
1004 and provide RF output signals to the FEM circuitry 1008 for transnusstion,
[0068] In some embodiments, the RF circuitry 1006 may include a receive
signal path and a transmit signal path. The receive signal path of the RF circuitry 1006
may include mixer circustry 1006a, amplifier circuitry 1006b and filter circwtry
1006¢. The transmit signal path of the RF circuitry 1006 may mclude filter circutry
1006¢ and mixer circuitry 1006a. RF circuitry 1006 may also include synthesizer
circuiry 1006d for synthesizing a frequency for use by the mixer circuitry 1006a of
the receive signal path and the transmit signal path. In some embodiments, the mixer
circuttry 10063 of the receive signal path may be configured to down-convert RF
signals received from the FEM circuitry 1008 based on the synthesized frequency
provided by synthesizer circwitry 1006d. The amplifier circuitry 1006b may be
configured to amplify the down-converted signals and the filter circuitry 1006¢ may
be a low-pass filter (LPF} or band-pass filter (BPF} configured to remove unwanted
signals from the down-converted signals to generate ocutput baseband signals. Cutput
baseband signals may be provided to the baseband circuitry 1004 for further
processing. In some embodiments, the output baseband signals may be zero-

frequency baseband signals, although this is not a requirement. In some emboduments,
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mixer circuitry 1006a of the receive signal path may comprise passive mixers,
although the scope of the embodiments is not limited in this respect.

[8069] In some embodiments, the mixer circuttry 1006a of the transmit signal
path may be configured to up-convert input baseband signals based on the synthesized
frequency provided by the synthesizer circuiiry 1006d to generate RF output signals
for the FEM circuitry 1008, The baseband signals may be provided by the baseband
circuitry 1004 and may be filtered by filter circuitry 1006¢. The filter circuitry 1006¢
may include a low-pass filter (LPF), although the scope of the embodiments 1s not
himited 1o this respect.

[6676] In some embodiments, the mixer circuitry 1006a of the recerve signal
path and the muxer circuttry 1006a of the transmut signal path may include two or
more mixers and may be arranged for quadrature downconversion and/or
upconversion respectively. In some embodiments, the mixer circuitry 1006a of the
recetve signal path and the mixer circuitry 1006a of the transmut signal path may
mclude two or more mixers and may be arranged for image rejection {(e.g., Hartley
mmage rejection). In some embodiments, the mixer circuitry 10063 of the receive
signal path and the mixer circuitry 10063 may be arranged for direct downconversion
and/or direct upconversion, respectively. In some embodiments, the mixer circuitry
1006a of the recetve signal path and the mixer circuitry 1006a of the transmit signal
path may be configured for super-heterodyne operation.

18071} In some embodiments, the output baseband signals and the input
baseband signals may be analog baseband signals, although the scope of the
embodiments 18 not limited in this respect. In some alternate embodiments, the output
baseband signals and the mnput baseband signals may be digital baseband signals. In
these alternate embodiments, the RF circuitry 1006 may include analog-to-digital
converter (ADC) and digital-to-analog converter (DAC) circuitry and the baseband
circuitry 1004 may include a digital baseband interface to communicate with the RF

circutry 1006
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10672} In some dual-mode embodiments, a separate radio IC circuitry may be
provided for processing signals for each spectrum, although the scope of the
embodiments is not limited in this respect.

6073} In some embodiments, the synthesizer circuitry 1006d may be a
fractional-N synthesizer or a fractional N/N+1 synthesizer, although the scope of the
embodiments 18 not limited n this respect as other types of frequency synthesizers
may be suitable. For example, synthesizer circuiiry 1006d may be a delta-sigma
synthesizer, a frequency multiplier, or a synthesizer comprising a phase-locked loop
with a frequency divider,

0074} The synthesizer circuitry 1006d may be configured to synthesize an
output frequency for use by the mixer circuitry 1006a of the RF circutry 1006 based
on a frequency mput and a divider control input. In some embodiments, the
synthesizer circuitry 1006d may be a fractional N/N-+1 synthesizer.

0075} In some embodiments, frequency input may be provided by a voltage
controlled oscillator (VCQ), although that is not a requirement. Divider control mput
may be provided by either the baseband circuttry 1004 or the applications processor
1002 depending on the desired output frequency. In some embodiments, a divider
control input {e.g, N} may be determined from a look-up table based on a channel
mdicated by the applications processor 1002.

16076} Synthesizer circuitry 10064 of the RF circuitry 1006 may include a
divider, a delay-locked loop (DLL}, a multiplexer and a phase accumulator. In some
embodiments, the divider may be a dual modulus divider (BMD) and the phase
accumulator may be a digital phase accumulator (DPA). In some embodimenits, the
DM may be configured to divide the input signal by either N or N+1 (e.g., based on
a carry out} to provide a fractional division ratio. In some example embodiments, the
DLL may include a set of cascaded, tunable, delay elements, a phase detector, a
charge pump and a D-type flip-flop. In these embodiments, the delay elements may
be configured to break a VCO period up into Nd equal packets of phase, where Nd is
the number of delay elements in the delay line In this way, the DLL provides negative

feedback to help ensure that the total delay through the delay line is one VCO cycle.
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10677} In some embodiments, synthesizer circuitry 1006d may be configured
to generate a carrier frequency as the output frequency, while in other embodiments,
the output frequency may be a multiple of the carrier frequency (e.g., twice the carrier
frequency, four times the carrier frequency) and used in conjunction with quadrature
generator and divider circuitry to generate multiple signals at the carrier frequency
with multiple different phases with respect to each other. In some embodiments, the
output frequency may be a LO frequency (fLO). In some embodiments, the RF
circuttry 1006 may include an IQ/polar converter. In some embodiments, the RF
circuitry 1006 may include a MIMO transceiver.

[6678] FEM circuitry 1008 may include a receive signal path which may
mclude circuiiry configured to operate on RF signals received from one or more
antennas 1010, amplify the recetved signals and provide the amplified versions of the
recerved signals to the RF circuttry 1006 for further processing. FEM circuitry 1008
may also nclude a transmt signal path which may include circuitry configured to
amplify signals for transmission provided by the RF circuitry 1006 for transmission
by one or more of the one or more antennas 1010,

1860791 In some embodiments, the FEM circuitry 1008 may include 2 TX/RX
switch to switch between transmit mode and receive mode operation. The FEM
circuttry may include a recetve signal path and a transmit signal path. The receive
signal path of the FEM circuitry may include a low-noise amplifier (LNA) to amphfy
recetved RF signals and provide the amplified received RF signals as an output (e.g.,
to the RF circuitry 1006). The transmit signal path of the FEM circuitry 1608 may
mclude a power amplifier (PA) to amplify input RF signals {e.g., provided by RF
circutry 1006), and one or more filters to generate RF signals for subsequent
transmission {e.g., by one or more of the one or more antennas 1010,

[00380) In some embodiments, the UE device 1000 may include additional
elements such as, for example, memory/storage, display, camera, sensor, and/or

input/output (1O} interface.
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0081} Additional Notes & Fxamples:

(0082} Example 1 1s an apparatus of evolved Node B (eNodeB), the
apparatus comprising: memory; and processing circuitry, the processing circuitry to
configure a massive multiple input, multiple output (MIMO) transceiver to:

S establish, for a primary cell, a primary cell transmit channel and a primary cell
receive channel for communication with user equipment (UE); and after
establishment of the primary cell transmit channel and the primary cell receive
channel, establish a secondary cell wherein to establish the secondary cell, the
processing is configured to: encode a secondary cell addition signal for transmission

10 to the UE, wherein the secondary cell addition signal includes a preamble index;
encode beam reference signals for transmission to the UE; decode, from the UE,
signaling indicating selection of a secondary cell transmit channel for
communication with the UE based on receive power associated with the beam
reference signals at the UE; configure the transceiver to scan physical random

1S access channel (xPRACH) transmmussions, wherein the xPRACH transmuissions
mclude a transmit index that 15 dertved from the preamble mdex; and select one of
the xPRACH transmissions as a secondary cell receive channel for communication
with the UE.

{0083} In Example 2, the subject matter of Example 1 optionally includes

20 whergin the processing circuitry to configure the MIMO transceiver to establish the
secondary cell is in response to the UE having capability of contemporaneously
recetving from one cell and transmitting to a second cell.

0084} In Example 3, the subject maiter of Example 2 optionally includes
wherein the processing circuitry further to configure the MIMO transceiver to

25  receive an indication that the UE has the capability of contemporaneously receiving
from one cell and transmitting to a second cell.

0085} In Example 4, the subject maiter of Example 3 optionally includes
wherein the processing circuitry further to configure the MEMO transceiver to

receive an indication that the UE has the capability of contemporaneously recetving
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from one cell and transmitting to a second cell 1s via radio resource control {RRC)
signaling from the UE.

[0086] In Example 5, the subject matter of any one or more of Examples 14
optionally include wherein the processing circuitry to configure the MIMO
transcetver to recetve, from the UE, selection of the secondary cell transmit channel
for communication with the UE comprises the processing circuitry to configure the
MIMO transceiver to receive the selection of the secondary cell transmit channel via
a separate message after selecting the secondary cell receive channel,

{0087} In Example 6, the subject matter of Example S optionally includes
wherein the processing circuitry further to configure the MIMO transceiver to
provide a random access response message to the UE to request the separate
message from the UE.

[0088] In Example 7, the subject matter of any one or more of Examples 1-6
optionally include wherein the processing circuitry to configure the MIMO
transcetver to recetve, from the UE, selection of the secondary cell transmit channel
for communication with the UE comprises the processing circuitry to configure the
MIMO transceiver to decode the transmit index received via the selected one of the
xPRACH transmussions to determune the secondary cell transmut channel.

{6089} In Example &, the subject matter of any one or more of Examples 1-7
optionally include wherein the processing circuitry further to configure the MIMO
transceiver to mnitiate replacement of the secondary cell with a different secondary
cell responsive receipt of a measurement event message from the UE.

16096} In Example 9, the subject maiter of Example 8 optionally includes
wherein the measurement event message identifies a different secondary transmit
channel of the different secondary cell.

0091} In Example 10, the subject matter of Example 9 optionally includes
wherein the processing circuitry further to configure the MIMO transceiver to
determine a different secondary receive channel that corresponds to the different

secondary transmit channel.
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16092} In Example 11, the subject matter of any one or more of Examples 9-
10 optionally include wherein the processing circuitry further to configure the
MIMO transceiver to: provide a second secondary cell addition signal to the UE,
wherein the second secondary cell addition signal includes a second preamble

index; scan the xPRACH transmissions, wherein the xPRACH transmissions

mclude a second transmit index that 1s derived from the second preamble 1ndex; and
select one of the xPRACH transmissions as a different secondary cell receive
channel for communication with the UE.

(8093} In Example 12, the subject matter of any one or more of Examples 9-
i1 optionally include wherein the processing circutiry further to configure the
MIMGO transceiver to provide the selected secondary cell receive channel to the UE.
6094} In Example 13, the subject matter of any one or more of Examples 1—
12 optionally include wherein the processing circuitry further to configure the
MIMO transceiver to provide, to the UE, a mediom access control control element
that includes wdentification of the secondary cell and a preamble index to activate
the secondary cell.

[6095] In Example 14, the subject matter of any one or more of Examples -
13 optionally include wherein the processing circuitry further to configure the
MIMO transceiver to provide, to the UE, a medium access control control element
that includes identification of the secondary cell and an invalid preamble index to
deactivate the secondary cell.

0096} Example 15 1s an apparatus of User Equupment (UE), the apparatus
comprising: memory and processing circuitry, the processing circuitry to: configure
a multiple input, multiple ontput (MIMO) transceiver to: establish a primary cell
transmit channel and a primary cell receive channel for communication with an
eNodeB; and receive a secondary cell addition signal for a secondary cell from the
eNodeB, wherein the secondary cell addition signal includes a preamble index;
receive beam reference signals from the eNodeB; select one of the beam reference
signals from the eNodeB as a secondary cell transmit channel for the secondary cell

based on detected beam reference signal receive power; provide information for the
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selected beam reference signal to the eNodeB; provide physical random access
channel (xPRACH) transmissions to the eNodeB, wherein the xPRACH
transmissions include a transmit index that is derived from the preamble index; and
receive selection of one of the xPRACH transmissions as a secondary cell receive

S channel for the secondary cell for communication with the UE.
(66971 In Example 16, the subject matter of Example 15 optionally includes
wherein the processing circuitry further to configure the MIMO transceiver further
to provide an indication that the UE has a capability to contermporaneously receive
mformation from one cell and transnut mformation to a second cell.

16 [0098] In Example 17, the subject matter of Example 16 optionally includes
wherein the indication that the UE has the capability of conteraporaneously
recetving from one cell and transmitting to the second cell is a radio resource
control (RRC) signal.

[6099] In Example 13, the subject matter of any one or more of Examples
1S 15-17 optionally include wherein the processing circuitry further to configure the

MIMO transcetver to provide information for the selected beam reference signal to

the eNodeB comprises providing a separate message that includes identification of

the secondary cell transmit channel.

60106} In Example 19, the subject matter of Example 18 optionally ncludes

20 whergin the processing circuitry fusrther to configure the MIMO transceiver is
further to provide the separate message in response to a random access response
message from the eNodeB.

160101} In Example 20, the subject matter of any one or more of Examples
15-19 optionally include wherein the processing circuttry further to configure the

25  MIMO transceiver is further to provide selection of the secondary cell transmit
channel encoded 1n the transmit index.

160102} In Example 21, the subject matter of any one or more of Examples
15-20 optionally include wherein the processing circuitry further to configure the
MIMO transceiver is further to mitiate replacement of the secondary cell with a

30 different secondary cell responsive to detection of beam reference signal receive
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power associated with the different secondary cell exceeding the beam reference
signal receive power associated with the secondary cell by a threshold amount.
[60103] In Example 22, the subject matter of Example 21 optionally includes
wherein the processing circutiry further to configure the MIMO transceiver is

S further to determine selection of a secondary transmit channel that corresponds to
the different secondary transmit channel from the eNodeB.
10601 04] In Example 23, the subject matter of any one or more of Examples
21-22 optionally mnclude wherein the processing circuitry further to configure the
MIMO transceiver 1s further to: receive a second secondary cell addition signal,

10 wheren the second secondary cell addition signal includes a second preamble
mdex; provide the xPRACH transmissions to the eNodeB, wherein the xPRACH
transmussions include a second transmit mdex that 15 derived from the second
preamble index; and receive selection of one of the xPRACH transmissions as a
different secondary cell transmut channel.

15 [00105] In Example 24, the subject matter of any one or more of Examples
15-23 optionally include a plurality of antennas configured to provide and receive
wireless signals; RF circuitry inchiding the MIMO transceiver to provide and
recetve the primary cell signals and the secondary cell signals as the wireless
signals; and a baseband processor to communicate with the front end module, the

20 front end module including the processing circuitry.

160106} Example 25 s at least one machine-readable medium including
mstructions to enable a secondary cell, which when executed by a machine, cause
the machine to: establish, for a primary cell, a primary cell transmit channel and a
primary cell receive channel for communication with user equipment (UE); and

25  after establishment of the primary cell transmit channel and the primary cell receive
channel: provide a secondary cell addition signal for a secondary cell to the UE,
wherein the secondary cell addition signal includes a preamble index; provide beam
reference signals to the UE; recetve, from the UE, selection of a secondary cell
transmit channel for communication with the UFE based on recetve power associated

30 with the beam reference signals at the UE; scan physical random access channel
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(xPRACH) transmissions, wherein the xXPRACH transmissions include a transmit
index that 1s derived from the preamble index; and select one of the xPRACH
transmissions as a secondary cell receive channel for communication with the UE.
180167} In Example 206, the subject matter of Example 25 optionally includes
S instructions, which when executed by a machine, cause the machine to, prior to
providing the secondary cell addition signal to the UE, determine whether the UE
has capability of contemporaneously receiving from one cell and transmitting to a
second cell, wherein provision of the secondary cell addition signal to the UE s in
response to a determination that the UE has the capability of contemporaneously

10 recerving from one cell and transmitting to a second cell.

[00108] In Example 27, the subject matter of Example 26 optionally includes
mstructions, which when executed by a machine, cause the machine to receive an
mdication that the UE has the capability of contemporaneously receiving from one
cell and transmitting to a second cell.

15 [00109] In Example 28, the subject matter of Example 27 optionally ncludes
wherein reception of an indication that the UE has the capability of
contemporaneously recetving from one cell and transnutting to a second cell 1s via
radio resource control {RRC) signaling from the UE.

60116} In Example 29, the subject matter of any one or more of Examples

20 25-28 optionally include wherein reception of selection of the secondary cell
transmit channel for communication with the UE includes instructions, which when
executed by a machine, cause the machine to recetve the selection of the secondary
cell transmit channel via a separate message after selecting the secondary cell
recetve channel.

25 (60111} In Example 30, the subject matter of Example 29 optionally includes
mstructions, which when executed by a machine, cause the machine to provide a
random access response message to the UE to request the separate message from the
UE.

(60112} In Example 31, the subject matter of any one or more of Examples

30 25-30 optionally include wherein reception of selection of the secondary cell
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transmit channel for communication with the UE is via the xPRACH transmissions,
the at least one machine-readable medium further including instructions, which
when executed by a machine, cause the machine to decode the transmit index
recetved via the selected one of the xPRACH transmissions to determine the
secondary cell transmit channel.

[00113] In Example 32, the subject matter of any one or more of Examples
25-31 optionally include instructions, which when executed by a machine, cause the
machine to initiate replacement of the secondary cell with a different secondary cell
responsive receipt of a measurement event message from the UE.

[60114] In Example 33, the subject matter of Example 32 optionally includes
wherein the measurement event message identifies a different secondary transmit
channel of the different secondary cell.

[60115] In Example 34, the subject matter of Example 33 optionally includes
mstructions, which when executed by a machine, cause the machine to determine a
different secondary receive channel that corresponds to the different secondary
transnut channel.

60116} In Example 35, the subject matter of any one or more of Examples
33--34 optionally include mstructions, which when executed by a machine, cause the
machine to; provide a secondary cell addition signal to the UE, wheren the
secondary cell addition signal includes a second preamble index; scan the xPRACH
transmuissions, wherein the xPRACH transmissions include a second transmit index
that s derived from the second preamble index; and select one of the xPRACH
transmussions as a different secondary cell receive channel for communication with
the UE.

160117} In Example 36, the subject matter of any one or more of Examples
33-35 optionally include instructions, which when executed by a machine, cause the
machine to providethe selected secondary cell recerve channel to the UE.

601 18] In Example 37, the subject matter of any one or more of Examples
25-36 optionally include mstructions, which when executed by a machine, cause the

machine to activate the secondary cell by providing, to the UE, a medium access

30



WO 2017/151185 PCT/US2016/049427

10

15

20

control control element that includes identification of the secondary cell and a
preamble index.

160119} In Example 38, the subject matter of any one or more of Examples
25-37 optionally include mstructions, which when executed by a machine, cause the
machine to deactivate the secondary cell by providing, to the UE, a medium access
control control element that includes identification of the secondary cell and an
invalid preamble index.

100120} Example 39 is at least one machine-readable medium including
mstructions to enable a secondary cell, which when executed by a machine, cause
the machine to: establish a primary cell transmit channel and a primary cell receive
channel for communication with an evolved Node B (eNodeB); and receive a
secondary cell addition sigoal for a secondary cell from the eNodeB, wherein the
secondary cell addition signal includes a preamble index; receive beam reference
signals from the eNodeB; select one of the beam reference signals from the eNodeB
as a secondary cell transmuit channel for the secondary cell based on detected beam
reference signal receive power; provide information for the selected beam reference
signal to the eNodeB; provide physical random access channel (xPRACH)
transmissions to the eNodeB, wherein the xPRACH transmussions include a transmit
mdex that 1s derived from the preamble index; and receive selection of one of the
xPRACH transmissions as a secondary cell receive channel for the secondary cell
for communication with the UE.

100121} In Example 40, the subject matter of Example 39 optionally mmcludes
mstructions, which when executed by a machine, cause the machine to provide an
mdication that the UFE has a capability to contemporaneously receive information
from one cell and transmit information to a second cell.

160122} In Example 41, the subject matter of Example 40 optionally includes
wherein the indication that the UE has the capability of contemporaneously
receiving from one cell and transmitting to the second cell is a radio resource

control (RRC) signal.
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[60123] In Example 42, the subject matter of any one or more of Examples
39-41 optionally include wherein provision of information for the selected beam
reference signal to the eNodeB includes instructions, which when executed by a
machine, cause the machine to provide a separate message that includes

S identification of the secondary cell transmit channel
[90124] In Example 43, the subject matter of Example 42 optionally includes
instructions, which when executed by a machine, cause the machine to provide the
separate message in response to a random access response message from the
eNodeB.

10 [00125] In Example 44, the subject matter of any one or more of Examples
39-43 optionally include wherein provision of information for the selected beam
reference signal to the eNodeB includes instructions, which when executed by a
machine, cause the machine to encode the information for the selected beam
reference signal in the transmit index.

15 [00126] In Example 45, the subject matter of any one or more of Examples
39-44 optionally include mstructions, which when executed by a machine, cause the
machine to mnitiate replacement of the secondary cell with a different secondary cell
responsive to detection of beam reference signal receive power associated with the
different secondary cell exceeding the beam reference signal recerve power

20 associated with the secondary cell by a threshold amount.

160127} In Example 46, the subject matter of Example 45 optionally includes
mstructions, which when executed by a machine, cause the machine to determine
selection of a secondary transmit channel that corresponds to the different secondary
transmit channel from the eNodeB.

25 [60128] In Example 47, the subject matter of any one or more of Examples
45-46 optionally include instructions, which when executed by a machine, cause the
machine to: receive a second secondary cell addition signal, wherein the second
secondary cell addition signal includes a second preamble index; provide the
xPRACH transmissions to the eNodeB, wherein the xPRACH twransmissions include

30 asecond transmit index that is derived from the second preamble index; and receive
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selection of one of the xPRACH transmissions as a different secondary cell transmit
channel

160129} Example 48 1s at least one machine-readable medium including
mstructions to enable a secondary cell, which when executed by a machine, cause
the machine to: establish a primary cell and a secondary cell with an evolved Node
B (eNodeB); measure a beam reference signal-receive power (BRS-RP) associated
with a different secondary cell; and in response to the BRS-RP associated with the
different secondary cell exceeding a BRS-RP associated with the secondary cell by
a threshold value, initiate deactivation of the secondary cell and activation of the
different secondary cell.

[060136] In Example 49, the subject matter of Example 48 optionally includes
mstructions, which when executed by a machine, cause the machine to receive the
threshold value from the eNodeB via the primary cell.

190131} In Example 50, the subject matter of any one or more of Examples
48-49 optionally include instructions, which when executed by a machine, cause the
machine to deactivate the secondary cell responsive 1o reception of a medium access
control control element (MAC-CE) with an invalid prearble index.

[060132] In Example 51, the subject matter of any one or more of Examples
48-50 optionally include instructions, which when executed by a machine, cause the
machine to provide a physical random access channel (xPRACH) transmission for
the different secondary cell responsive to receiving the MAC-CE message.

100133} In Example 52, the subject matter of Example 51 optionally mncludes
mstructions, which when executed by a machine, cause the machine to encode the
xPRACH transmission with a transmit index derived from a preamble index
recetved in the MAC-CE.

1601 34] In Example 53, the subject matter of any one or more of Examples
4852 optionally include wherein the different secondary cell 1s associated witha
different eNodeB than the eNodeB associated with the secondary cell.

[80135] Example 54 1s an apparatus of evolved Node B (eNodeB)

comprising: means for establishing, for a primary cell, a primary cell transmit
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channel and a primary cell receive channel for communication with user equipment
{UE); and after establishment of the primary cell transmit channel and the primary
cell receive channel: means for providing a secondary cell addition signal fora
secondary cell to the UE, wherein the secondary cell addition signal includes a

S preamble index; means for providing beam reference signals to the UE; means for
recetving, from the UE, selection of a secondary cell transmit channel for
communication with the UE based on receive power associated with the beam
reference signals at the UE; means for scanning physical random access channel
{(xPRACH) transmissions, wherein the xXPRACH transmissions include a transmit

10 index that 15 derived from the preamble index; and means for selecting one of the
xPRACH transmissions as a secondary cell receive channel for communication with
the UE.

(80136} In Example 53, the subject matter of Example 54 optionally includes
prior to provision of the secondary cell addition signal to the UE, means for

IS determining whether the UE has capability of contemporaneously receiving from
one cell and transmutting to a second cell, wherein provision of the secondary cell
addition signal to the UE 15 1 response to a determination that the UE has the
capability of contemporaneously receiving from one cell and transmuitting to a
second cell.

20 [00137] In Example 56, the subject matter of Example 55 optionally mncludes
means for receiving an indication that the UE has the capability of
contemporaneously receiving from one cell and transmitting to a second cell.
160138} In Example 57, the subject matter of Example 56 optionally includes
wherein means for receiving an ndication that the UE has the capability of

25  contemporaneously receiving from one cell and transmitting to a second cell 1s via
radio resource control {RRC) signaling from the UE.

160139} In Example 58, the subject matter of any one or more of Examples
54-57 optionally include wherein means for receiving selection of the secondary

cell transmit channel for communication with the UE comprises means for receiving
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the selection of the secondary cell transmit channel via a separate message after
selecting the secondary cell receive channel.

[60148] In Example 59, the subject matter of Example 58 optionally includes
means for providing a random access response message to the UE to request the
separate message from the UE.

[00141] In Example 60, the subject matter of any one or more of Examples
54-59 optionally include wherein means for receiving selection of the secondary
cell transmit channel for communication with the UE 1s via the xPRACH
transmissions, the apparatus further comprising means for decoding the transmit
mdex received via the selected one of the xPRACH transmissions to determine the
secondary cell transnut channel.

[00142] In Example 61, the subject matter of any one or more of Examples
54-60 optionally include means for initiating replacement of the secondary cell with
a different secondary cell responsive receipt of a measurement event message from
the UE.

[00143] In Example 62, the subject matter of Example 61 optionally mcludes
wherein the measurement event message identifies a different secondary transmit
channel of the different secondary cell.

60144} In Example 63, the subject matter of Example 62 optionally ncludes
means for determining a different secondary receive channel that corresponds to the
different secondary transmit channel.

[00145] In Example 64, the subject matter of any one or more of Examples
62-03 optionally include means for providing a secondary cell addition signal to the
UE, wherein the secondary cell addition signal includes a second preamble index;
means for scanning the xPRACH transmissions, wherein the xPRACH
transmissions include a second transnut index that 1s derived from the second
preamble index; and means for selecting one of the xPRACH transmissions as a

different secondary cell receive channel for communication with the UE.
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160146} In Example 65, the subject matter of any one or more of Examples
62-04 optionally include means for providing the selected secondary cell receive
channel to the UE.
160147} In Example 606, the subject matter of any one or more of Examples
S 54-65 optionally include means for activating the secondary cell by providing, to
the UE, a medium access control control slement that includes identification of the
secondary cell and a preamble index.
[60148] In Example 67, the subject matter of any one or more of Examples
54-66 optionally include means for deactivating the secondary cell by provision of,
10 to the UE, a medium access conirol control element that includes identification of
the secondary cell and an invalid preamble index.
100149} Example 68 is an apparatus of User Equipment (UE) comprising:
means for establishing a primary cell transnut channel and a primary cell receive
channel for communication with an evolved Node B {eNodeB); and means for
IS recerving a secondary cell addition signal for a secondary cell from the eNodeB,
wherein the secondary cell addition signal mcludes a preamble index; means for
recetving beam reference signals from the eNodeB; means for selecting one of the
beam reference signals from the eNodeB as a secondary cell transmit channel for
the secondary cell based on detected beam reference signal receive power; means
20 for providing information for the selected beam reference signal to the eNodeB;
means for providing physical random access channel (xPRACH) transmissions to
the eNodeB, wherein the xPRACH transmissions include a transmit index that 1s
derived from the preamble index; and means for receiving selection of one of the
xPRACH transmissions as a secondary cell receive channel for the secondary cell
25  for communication with the UE
[60158] In Example 69, the subject matter of Example 68 optionally includes
means for providing an indication that the UE has a capability to
contemporaneously recetve information from one cell and transnut information to a

second cell.
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60151} In Example 70, the subject matter of Example 69 optionally includes
wherein the indication that the UE has the capability of contemporaneously
receiving from one cell and transmitting to the second cell is a radio resource
control (RRC) signal.

S j00182) In Example 71, the subject matter of any one or more of Examples
6870 optionally include wherein means for providing information for the selected
beam reference signal to the eNodeB comprises providing a separate message that
mcludes dentification of the secondary cell transmit channel
[80153] In Example 72, the subject matter of Example 71 optionally includes

10 means for providing the separate message 1n response to a random access response
message from the eNodeB.
[60154] In Example 73, the subject matter of any one or more of Examples
6872 optionally include wherein means for providing information for the selected
beam reference signal to the eNodeB comprises means for encoding the information

IS for the selected beam reference signal in the transmit index.
001 55] In Example 74, the subject matter of any one or more of Examples
68-73 optionally include means for imtiating replacement of the secondary cell with
a different secondary cell responsive to detection of beam reference signal receive
power associated with the different secondary cell exceeding the beam reference

20 signal recetve power associated with the secondary cell by a threshold amount.
1860156} In Example 75, the subject matter of Example 74 optionally includes
means for determining selection of a secondary transmit channel that corresponds to
the different secondary transmit channel from the eNodeB.
00157} In Example 76, the subject matter of any one or more of Examples

25 74-75 optionally include means for recetving a second secondary cell addition
signal, wherein the second secondary cell addition signal includes a second
preamble index; means for providing the xPRACH transmissions to the eNodeB,
wherein the xPRACH transmissions include a second transmit index that is derived
from the second preamble index; and means for recetving selection of one of the

30 xPRACH transmissions as a different secondary cell transmit channel.
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[00158] Example 77 1s an apparatus of User Equipment (UE) comprising:
means for establishing a primary cell and a secondary cell with an evolved Node B
{eNodeB); means for measuring a beam reference signal-recetve power (BRS-RP)
associated with a different secondary cell; and in response to the BRS-RP associated
with the different secondary cell exceeding a BRS-RP associated with the secondary
cell by a threshold value, means for inttiating deactivation of the secondary cell and
activation of the different secondary cell.

[60159] In Example 78, the subject matter of Example 77 optionally includes
means for receiving the threshold value from the eNodeB via the primary cell.
[801606] In Example 79, the subject matter of any one or more of Examples
77-78 optionally include means for deactivating the secondary cell responsive to
reception of a medium access control control element (MAC-CE) with an jnvalid
preamble index.

[90161] In Example B0, the subject matter of any one or more of Examples
7779 optionally include means for providing a physical random access channel
{(xPRACH]} transmusston for the different secondary cell responsive to receiving the
MAC-CE message.

[90162] In Example 81, the subject matter of Example 80 optionally mcludes
means for encoding the xPRACH transmission with a transmit index derived from a
preamble index received in the MAC-CE.

160163} In Example 82, the subject matter of any one or more of Examples
77-81 optionally include wherein the different secondary cell 1s associated with a
ditferent eNodeB than the eNodeB associated with the secondary cell.

00164} The above detailed description includes references to the
accompanying drawings, which form a part of the detailed description. The drawings
show, by way of illustration, specific embodiments that may be practiced. These
embodiments are also referred to herein as “examples.” Such examples may include
elements 1n addition to those shown or described. However, also contemplated are
examples that include the elements shown or described. Moreover, also contemplate

are examples using any combination or permutation of those elements shown or
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described {or one or more aspects thereof), either with respect to a particular example
{or one or more aspects thereof), or with respect to other examples {or one or more
aspects thereof) shown or described herein.

[80165] Publications, patents, and patent documents referred to in this
document are incorporated by reference herein in their entirety, as though individually
mcorporated by reference. In the event of inconsistent usages between this document
and those documenis so incorporated by reference, the usage in the incorporated
reference(s) are supplementary to that of this document; for irreconcilable
mconsistencies, the usage in this document controls.

48,000

[90166] In this document, the terms “a” or “an” are used, as is comunon in
patent documents, to include one or more than one, independent of any other 1nstances
or usages of “at least one” or “one or more.” In this document, the term “or” is used
to refer to a nonexclusive or, such that “A or B” mncludes “A but not B,” “B but not
A7 and “A and B,” unless otherwise indicated. In the appended claims, the terms
“including” and “n which™ are used as the plain-English equivalents of the respective
terms “comprising” and “wherein.”  Also, mn the following claims, the terms
“including” and “comprising” are open-ended, that 18, a system, device, article, or
process that includes elements in addition to those histed after such a term i a claim
are still deemed to fall within the scope of that claim. Moreover, 1 the following

25 o

claims, the terms “first,” “second,” and “third,” etc. are used merely as labels, and are
not intended to suggest a numerical order for their objects.

100167} The above description is intended to be illustrative, and not restrictive.
For example, the above-described examples {or one or more aspects theresf) may be
used in combination with others. Other embodiments may be used, such as by one of
ordinary skill in the art upon reviewing the above description. The Absiract is to allow
the reader to quickly ascertain the nature of the technical disclosure, for example, to
comply with 37 CF.R. §1.72(b} in the United States of America. It is submitted with
the understanding that it will not be used to interpret or limit the scope or meaning of
the claims. Also, in the above Detailed Description, various features may be grouped

together to streamline the disclosure. However, the claims may not set forth features
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disclosed herein because embodiments may include a subset of said features. Further,
embodiments may include fewer features than those disclosed in a particular example.
Thus, the following claims are hereby mncorporated into the Detailed Description, with
a claim standing on its own as a separate embodiment. The scope of the embodiments
S disclosed herein 1s to be determined with reference to the appended claims, along with

the full scope of equivalents to which such claims are entitled.
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CLAIMS

What 15 claimed is:

5 L An apparatus of evolved Node B (eNodeB), the apparatus comprising:
memory; and processing circuitry,
the processing circuitry to configure a massive multiple input, multiple
output (MIMO} transcetver to:
establish, for a primary cell, a primary cell transmit channel and a primary
10 cell recetve channel for communication with user equipment (UE); and
atter establishment of the primary cell transmit channel and the primary
cell receive channel, establish a secondary cell wherein to establish the
secondary cell, the processing 1s configured to:

encode a secondary cell addition signal for transmission to the

Ju—
LA

UE, wherein the secondary cell addition signal includes a preamble
index;

encode beam reference signals for transmission to the UE;

decode, from the UE, signaling imdicating selection of a
secondary cell transmit channel for communication with the UE
20 based on recetve power associated with the beam reference signals at
the UE;

configure the transceiver to scan physical random access
channel (xPRACH) transmussions, wherein the xPRACH

transmissions include a transmit index that is derived from the

[\
(]

preamble index; and
select one of the xPRACH transmussions as a secondary cell

receive channel for communication with the UE.
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2. The apparatus of claim 1, wherein the processing circuitry to configure the
MIMO transceiver to establish the secondary cell is in response to the UE having
capability of contemporaneocusly receiving from one cell and transmitting to a
second cell.

3. The apparatus of claim 2, wherein the processing circuitry further to
configure the MIMO transceiver to receive an indication that the UE has the
capability of contemporaneously receiving from one cell and transmitting to a

second cell

4. The apparatus of claim 3, wherem the processing circuitry further to
configure the MIMO transceiver to recetve an indication that the UE has the
capability of contemporaneously recetving from one cell and transmutting to a

second cell 15 via radio resource control (RRC) signaling from the UE,

5. The apparatus of any one or more of claims 1-4, wheren the processing
circutry to configure the MIMO transcerver to recetve, from the UE, selection of
the secondary cell transmit channel for commumcation with the UE comprises the
processing circuitry to configure the MIMO transceiver to receive the selection of
the secondary cell transmit channel via a separate message after selecting the
secondary cell receive channel.

0. The apparatus of claim 5, wherein the processing circuitry further to
configure the MIMO transceiver to provide a random access response message to

the UE to request the separate message from the UE.
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7. The apparatus of any one or more of claims 1-4, wherein the processing

circuttry to configure the MIMO transceiver to receive, from the UE, selection of

the secondary cell transmit channel for communication with the UE comprises the

processing circuiiry to configure the MIMO transcetver to decode the transmit index
S recetved via the selected one of the xPRACH transmissions to determine the

secondary cell transmit channel

8. The apparatus of claim 1, wherein the processing circuitry further to
configure the MIMO transceiver to imtiate replacement of the secondary cell with a
10 different secondary cell responsive receipt of a measurement event message from

the UE.

9. The apparatus of claim 8, wherein the measurement event message

identifies a different secondary transmit channel of the different secondary cell.

15
10. The apparatus of claim 9, wherein the processing circuitry further to
configure the MIMO transceiver to determine a different secondary receive channel
that corresponds to the different secondary transmit channel.

20 11 The apparatus of claim 9, wherein the processing circuitry further to

configure the MIMO transceiver to:
provide a second secondary cell addition signal to the UE, wherein the
second secondary cell addition signal includes a second preamble index;
scan the xPRACH transmissions, wherein the xPRACH transmissions
25  include a second transmit index that 15 derived from the second preamble index; and
select one of the xPRACH transmissions as a different secondary cell

receive channel for communication with the UE.
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12. The apparatus of claim 9, wherein the processing circuitry further to
configure the MIMO transceiver to provide the selected secondary cell receive
channel to the UE.
S 13 An apparatus of User Equipment (UE), the apparatus comprising:
memory and processing circuitry, the processing circutiry to:
configure a multiple mnput, multiple output (MIMO) transcetver to:
establish a primary cell transmit channel and a primary cell
receive channel for communication with an eNodeB; and
10 receive a secondary cell addition signal for a secondary cell from
the eNodeB, wherein the secondary cell addition signal includes a
preamble index;
receive beam reference signals from the eNodeB;
select one of the beam reference signals from the eNodeB as a secondary
15 cell transmut chanunel for the secondary cell based on detected beam
reference signal receive power;
provide information for the selected beam reference signal to the eNodeB;
provide physical random access channel (xPRACH) transmissions to the
eNodeB, wherein the xPRACH transmussions include a transmut index that 1s
20 derived from the preamble index; and
receive selection of one of the xPRACH transmissions as a secondary cell

receive channel for the secondary cell for communication with the UE.

14. The apparatus of claim 13, wherein the processing circuitry further to
25 configure the MIMO transceiver further to provide an indication that the UE has a
capability to contemporaneously receive information from one cell and transmit

information fo a second cell.
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15, The apparatus of claim 14, wherein the indication that the UE has the
capability of contemporaneously receiving from one cell and transmitting to the

second cell is a radio resource control (RRC) signal.

16. The apparatus of claim 13 or 14, wherein the processing circuttry further
to configure the MIMO transceiver to provide information for the selected beam
reference signal to the eNodeB comprises providing a separate message that

mcludes dentification of the secondary cell transmit channel

i7. The apparatus of claim 16, wherein the processing circuitry further to
configure the MIMO transceiver is further to provide the separate message in

response to a random access response message from the eNodeB.

18 The apparatus of claim 13, wherein the processing circuitry further to
configure the MIMO transceiver 1s further to provide selection of the secondary cell

transmit channel encoded mn the transmit index.

19, The apparatus of any one or more of claims 13-18, further comprising:
a plurahity of antennas configured to provide and receive wireless signals;
RF circutry including the MIMO transceiver to provide and receive the
primary cell signals and the secondary cell signals as the wireless signals; and
a baseband processor to communicate with the front end module, the front

end module including the processing circuitry.
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20. At least one machine-readable medium including instructions to enable a
secondary cell, which when executed by a machine, cause the machine to:

establish a primary cell and a secondary cell with an evolved Node B
{eNodeB});

S measure a beam reference signal-recetve power (BRS-RP} associated with

a different secondary cell; and

in response to the BRS-RP associated with the different secondary cell
exceeding a BRS-RP associated with the secondary cell by a threshold value,
mitiate deactivation of the secondary cell and activation of the different secondary

10 cell

21 The at least one machine-readable medium of claim 20, tfurther including
mstructions, which when executed by a machine, cause the machine to receive the
threshold value from the eNodeB via the primary cell.

15
22 The at least one machine-readable medium of claim 20, further including
mstructions, which when executed by a machine, cause the machine to deactivate
the secondary cell responsive to reception of a medium access control control
element (MAC-CE) with an mvalid preamble index.

20
23 The at least one machine-readable medium of claim 20, further including
mstructions, which when executed by a machine, cause the machine to provide a
physical random access channel (xPRACH) transmission for the different secondary

cell responsive to receiving the MAC-CE message.

24. The at least one machine-readable medium of claim 23, further including
mstructions, which when executed by a machine, cause the machine to encode the
xPRACH transmission with a transmit index derived from a preamble index
received in the MAC-CE.

30
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25. The at least one machine-readable medium of claim 20, wherein the
different secondary cell is associated with a different eNodeB than the eNodeB

associated with the secondary cell.
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,///kSOG
B

ESTABLISH, FOR A PRIMARY CELL, A PRIMARY CELL
TRANSMIT CHANNEL AND A PRIMARY CELL RECEIVE
CHANNEL FOR COMMUNICATION WITH USER EQUIPMENT 810
(UE).

¥
AFTER ESTABLISHING THE PRIMARY CELL TRANSMIT
CHANNEL AND THE PRIMARY CELL RECEIVE CHANNEL,
PROVIEDE A SECONDARY CELL ADDITION SIGNAL THAT 20
INCLUDES A PREAMBLE INDEX FOR A SECONDARY CELLTO
THE UE.

I

PROVIEE BEAM REFERENCE SIGNALS TO THE UE. i Y

L

RECEIVE, FROM THE UE, SELECTION OF A SECONDARY CELL
TRANSMIT CHANNEL FOR COMMUNICATION WITH THE UE
BASED ON RECEIVE POWER ASSOCIATED WITH THE BEAM

REFERENCE SIGNALS AT THE UE.

L

SCAN PHYSICAL RANDOM ACCESS CHANNEL (XPRACH)
TRANSMISSIONS THAT INCLUDE A TRANSMIT INDEX DERIVED p——"650
FROM THE PREAMBLE INDEX.

I

SELECT ONE OF THE XPRACH TRANSMISSIONS AS A
SECONDARY CELL RECEIVE CHANNEL FOR COMMUNICATION {0660
WITH THE UE.

=340}
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,///k?OG
B

ESTABLISH A PRIMARY CELL TRANSMIT CHANNEL AND A
PRIMARY CELL RECEIVE CHANNEL FOR COMMUNICATION L o740
WITH AN EVOLVED NODE B (ENODEB).

¥

RECEIVE A SECONDARY CELL ADDITION SIGNAL THAT
INCLUDES A PREAMBLE INDEX FOR A SECONDARY CELL o720
FROM THE ENODEB.

'

RECEIVE BEAM REFERENCE SIGNALS FROM THE ENODEB.  p——"730

L

SELECT ONE OF THE BEAM REFERENCE SIGNALS FROM THE
ENODEB AS A SECONDARY CELL TRANSMIT CHANNEL FOR
THE SECONDARY CELL BASED ON DETECTED BEAM
REFERENCE SIGNAL RECEIVE POWER.

l

PROVIDE INFORMATION FOR THE SELECTED BEAM
REFERENCE SIGNAL TO THE ENODEB.

I

PROVIDE PHYSICAL RANDOM ACCESS CHANNEL (XPRACH)
TRANSMISSIONS THAT INCLUDE A TRANSMIT INDEX TO THE  p—"760
ENODER, WHEREIN THE XPRACH TRANSMISSIONS.

¥

RECEIVE SELECTION OF ONE OF THE XPRACH
TRANSMISSIONS AS A SECONDARY CELL RECEIVE CHANNEL
FOR THE SECONDARY CELL FOR COMMUNICATION WITH THE

UE.
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719

800

ESTABLISH A PRIMARY CELL AND A SECONDARY CELL WITH
AN EVOLVED NODE B (ENODEB). 810

MEASURE A BEAM REFERENCE SIGNAL-RECEIVE POWER
(RRS-RP) ASSOCIATED WITH A DIFFERENT SECONDARY  pe——B20
CELL.

IN RESPONSE TO THE BRS-RP ASSOCIATED WITH THE
DIFFERENT SECONDARY CELL EXCEEDING A BRS-RP
ASSOCIATED WITH THE SECONDARY CELL BY A THRESHOLD 830
VALUE, INITIATE DEACTIVATION OF THE SECONDARY CELL
AND ACTIVATION OF THE DIFFERENT SECONDARY CELL.
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