wo 2013/149239 A1 |} INF 1 0O 00O N

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/149239 A1l

3 October 2013 (03.10.2013) WIPO | PCT
(51) International Patent Classification: (72) Inventors: PAYCHER, Alon; Adam P.O. Box 175, 37807
HO04W 56/00 (2009.01) HO04W 88/06 (2009.01) Moshav Bait Hanania (IL). TZOREFF, Yaniv; 5 Giladi
(21) International Application Number: St., 93385 Jerusalem (IL). MOISSA, Shlomit; 17 Remez
' PCT/US2013/034801 St., 44321 Kefer Saba (IL).
. .ye . (74) Agents: FRANZ, Warren, L. et al.; Texas Instruments In-
(22) International Filing Date: 1 Apsil 2013 (01.04.2013 corporated, Deputy General Patent Counsel, P.O. Box
prt (01.04.2013) 655474, Mail Station 3999, Dallas, TX 75265-5474 (US).
(25) Filing Language: English (81) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
L. AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(30) Priority Data: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(63) Related by continuation (CON) or continuation-in-part HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(CIP) to earlier application: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
us 13/434,948 (CON) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
Filed on 30 March 2012 (30.03.2012) NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(71) Applicant: TEXAS INSTRUMENTS INCORPOR- TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ATED [US/US]; P.O. Box 655474, Mail Station 3999, IM, ZW.
Dallas, TX 75265-5474 (US).
(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for JP only): TEXAS INSTRUMENTS JA- kind of regional protection available): ARIPO (BW, GH,

PAN LIMITED [JP/IP]; 24-1, Nishi-Shinjuku 6-chome,
Shinjuku-ku Tokyo, 160-8366 (JP).

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

[Continued on next page]

(54) Title: METHOD AND DEVICE TO SYNCHRONIZE BLUETOOTH AND LTE/WIMAX TRANSMISSIONS FOR ACHIEV -
ING COEXISTENCE

101

15\5 COMMUNIGATION UNIT

BT LTE
DEVICE TRANSCEIVER

163

LTE
PROCESSOR

1g1 \\

157

APPLICATION
PROCESSOR

BT

TRANSCENER
151
\

PROCESSOR

105

TEXT AND/
OR IMAGE
DISPLAY

153

MEMORY

| ~111
L-113

OP. SYS, DATA, VARIABLES
SET UP A BT CONNECTION

DETERMINE WHETHER LTE
CONNECTION IS ACTIVE

DETERMINE EXPECTED ALIGNMENT
TIME SO THAT BT MASTER AND
SLAVE PACKET SWITCH PCINT IS
ALIGNED BASED ON THE LTE FRAME

PERFORM A LEGACY COMMAND (E.G., 2
LINK LAYER ROLE SWITCH COMMANDS,
E.G., MASTER TO SLAVE TQ MASTER;
OR SLAVE TO MASTER TO SLAVE)
SPECIFYING THE EXPECTED ALIGNMENT
TIME AS THE NEXT TIME FOR
MASTER/SLAVE COMMUNICATIONS

PERFORM BLUETOOTH TRANSMISSION
AND RECEPTION WITH USUAL TIMING

PERFORM BLUETQOTH
TRANSMISSION AND RECEPTION
WITH TIMING ALIGNED TO LTE FRAME

MISC. DATA AND OTHER INSTRUCTIONS [~._125

KEYPAD -118

™17

™19

I™~121

FIG. 1 L 123

(57) Abstract: A communication unit (101) has BT and LTE transceivers
(155, 157), and a BT processor (105). The BT processor (105) sets up a
BT connection over the BT transceiver (157); performs (119) a legacy
command to synchronize BT transactions over the BT connection based
on LTE frames in a LTE connection over the LTE transceiver, so that a
BT network clock is synchronized to LTE frames. The legacy command is
a role switch command that is used to set a BT alignment time of a switch
point between Bluetooth master/slave packets to a LTE switch between
transmit and receive; and is specified in a BT Core Specification 4.0 or
carlier. The processor (105) can determine an expected alignment time to
align BT master and slave packets to transmit and receive in the LTE
frame based on a start time of the LTE frame (161), and can indicate the
expected alignment time in the legacy command.
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METHOD AND DEVICE TO SYNCHRONIZE BLUETOOTH AND LTE/WIMAX
TRANSMISSIONS FOR ACHIEVING COEXISTENCE

[0001] This relates in general to communication networks and more specifically to a
communication unit that operates simultancously in two different communication networks.
BACKGROUND
[0002] Radio devices can be equipped with both Bloctooth and broadband wircless
technologios such as WiMAX or L'TH which are used by 4G networks. Several coromon nsage
cases require the sirauliancous operations of co-located Bluctooth (BT) and LTE/WiMax radios,
such as the use of a BT headset on a cellular phone using LTE communications.
[0003] BT and LTE/WiMax operate in adjacent bands, causing mutual interferences. In order
to coexist together, the BT transactions should be synchronized to the LTE/WiMax frames, in a
way where both TX and RX of the two technologies are performed simultancously.
[0004] The problem is to allow coexistence of these two wireless technologies. The reason
they cannot coexist is that they use adjacent frequencies which are close to each other in the
frequency domain, which block each other. When one transmits, the other cannot receive, and
vice-versa. The fundamental issue is that both technologies use very, very close frequency bands
and they have coexistence issues. The LTE, which is cellular technology, uses band 40 and band
7, which are closely adjacent to the BT band. As the LTE and BT bands get close to each other,
the co-existence problems increase. The problem is to make these two technologies work
together.
[0005]  To address this problem, the Bluetooth Special Interest Group (BT SIG) has defined
two ways to adjust the Bluetooth network clock (BT CLK) that controls timing of network

communications while in active connection. First, new devices (that is, according to the next
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Bluetooth standard after the BT 4 specification, commonly referred to as BT Core 4.1 or further)
will use a new dedicated BT command. Second, legacy devices (that is, according to the current
BT 4 specification or earlier) can drift the BT network clock for a long period up to the required
BT CLK change.

SUMMARY

[0006] Accordingly, one or more embodiments provide a method, a system, and/or a
communication unit having a BT transceiver, a LTE transceiver, and a processor cooperatively
operable with the BT transceiver. The processor is configured to set up a BT connection over
the BT transceiver; and to perform a legacy command to synchronize BT transactions over the
BT connection to LTE frames in a LTE connection over the LTE transceiver, instead of waiting
for the BT transactions to synchronize to the LTE frames, when the communication unit is acting
as BT master, whereby a BT network clock is synchronized to LTE frames transmitted over the
LTE transceiver. In one or more embodiments, the legacy command is a role switch command
that is used to set a BT alignment time of a switch point between Bluetooth master/slave packets
to a LTE switch between transmit and receive. In another embodiment, the legacy command is
specified in a BT Core Specification 4.0 or earlier. In yet a further embodiment, the legacy
command comprises a first link layer role switch command to move to slave and then a second
link layer role switch command to move to master. In yet another embodiment, the legacy
command is a role switch command formatted according to a Bluetooth link layer standard. In
still another embodiment, the processor determines an expected alignment time to align BT
master and slave packets to transmit and receive in the LTE frame based on a start time of the
LTE frame, and the processor indicates the expected alignment time in the legacy command. In
still another embodiment, the processor determines an expected alignment time to align BT
master and slave packets to transmit and receive in the LTE frame based on a start time of the
LTE frame, and the legacy command is performed twice to switch the communication unit role
to BT slave and then back to BT master while uploading the expected alignment time to the BT

network clock.
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[0007]  Further embodiments provide a method, a system, or a device such as a
communication unit for coexistence of BT and LTE networks on a same communication unit.
The method includes setting up a BT connection over a BT transceiver on a communication unit.
The method also includes performing, on the communication unit, a legacy command to
synchronize BT transactions over the BT connection to LTE frames in a LTE connection over an
LTE transceiver on the communication unit, instead of waiting for the BT transactions to
synchronize to the LTE frames, when the communication unit is acting as BT master, whereby a
BT network clock is synchronized to LTE frames transmitted over the LTE transceiver. In
another embodiment, the legacy command is a role switch command that is used to set a BT
alignment time of a switch point between Bluetooth master/slave packets to a LTE switch
between transmit and receive. In still another embodiment, the legacy command is specified in a
BT Core Specification 4.0 or earlier. According to a further embodiment, the legacy command
comprises a first link layer role switch command to move to slave and then a second link layer
role switch command to move to master. In yet another embodiment, the legacy command is a
role switch command formatted according to a Bluetooth link layer standard. Another
embodiment includes determining, in the communication unit, an expected alignment time to
align BT master and slave packets to transmit and receive in the LTE frame based on a start time
of the LTE frame, and indicating the expected alignment time in the legacy command. Still
another embodiment includes determining, in the communication unit, an expected alignment
time to align BT master and slave packets to transmit and receive in the LTE frame based on a
start time of the LTE frame, and performing the legacy command twice to switch the
communication unit role to BT slave and then back to BT master while uploading the expected
alignment time to the BT network clock.

[0008] Yet another embodiment provides for methods, systems, devices, and/or a non-
transitory computer-readable medium comprising instructions for execution by a computer, the
instructions including a computer-implemented method for coexistence of BT and LTE networks
on a same communication unit. This embodiment can include setting up a BT connection over

the BT transceiver; determining an expected alignment time to align BT master and slave
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packets based on a LTE frame based on a start time of a next LTE frame, and inserting the
expected alignment time in a legacy command; and performing the legacy command with the
expected alignment time to synchronize BT transactions over the BT connection to transmit and
receive in the LTE frames in a LTE connection over the LTE transceiver. In accordance with yet
another embodiment, the legacy command is a role switch command that is used to upload the
expected alignment time to the Bluetooth network clock. According to still another embodiment,
the legacy command is specified in a BT Core Specification 4.0 or earlier. According to yet
another embodiment, the legacy command is a role switch command formatted according to a
Bluetooth link layer standard. In accordance with still another embodiment, the legacy
command comprises a first link layer role switch command to move to slave and then a second
link layer role switch command to move to master. Another embodiment provides for
performing the legacy command twice to switch the communication unit role to BT slave and
then back to BT master while uploading the expected alignment time to the BT network clock.
{6009]  Further, the purpose of the foregoing abstract is to enable the U.S. Patent and
Trademark Office and the public generally, and especially the scientists, engineers and
practitioners in the art who are not familiar with patent or legal terms or phraseology, to
determine quickly from a cursory inspection the nature and essence of the technical disclosure of
the application. The abstract is neither intended to define the invention of the application, which
is measured by the claims, nor is it intended to be limiting as to the scope of the invention in any
way.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram illustrating portions of a communication unit;

[0011]  FIG. 2 is a diagram illustrating frequencies that must coexist on a handset;

[0012]  FIG. 3 is another diagram illustrating frequencies that must coexist on a handset;
[0013]  FIG. 4 is timing diagram illustrating Bluetooth and LTE transmission and reception
times;

[0014]  FIG. 5 is a diagram illustrating a packet sequence to align the BT network to the LTE;
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[0015]  FIG. 6 is a timing diagram illustrating Bluetooth and LTE transmission and reception
times with co-existence;

[0016]  FIG. 7 is a block diagram illustrating Bluetooth protocol layers; and

[0017]  FIG. 8 is a flow chart illustrating a BT communications procedure.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0018] Examples are provided that relate to wireless communications devices or units, often
referred to as communication units, such as cellular phone or two-way radios and the like having
simultaneous Bluetooth and LTE operating capability, such as associated with a communication
unit having an associated Bluetooth device on a communication system such as a 4G network, an
Enterprise Network, a cellular Radio Access Network, or the like. Such communication systems
may further provide services such as voice and data communications services. More
particularly, various inventive concepts and principles are embodied in systems, communication
units, and methods therein for providing coexistence of simultancous Bluetooth and LTE
communications on the same communication unit.

[0019] Principles of the invention are advantageously employed to synchronize both
Bluetooth and LTE technologies, because if both transmitters act simultaneously there will be no
coexistence issues. What has not been previously appreciated is that the conventional BT role-
switch command can be used to achieve the alignment of (i) BT master to LTE transmit and (ii)
BT slave to LTE receive. Specifically, the sequence of performing the link layer role-switch
command for the purpose of aligning the BT to the LTE is not known.

[0020] Further in accordance with exemple embodiments, a link layer role switch command
is performed twice at the communication unit, specifying the time of the alignment, which
causes the BT network clock to be updated as specified so that the Bluetooth master-slave switch
point is aligned to LTE transmit/receive pair based on the end of the LTE frame. For legacy
devices, instead of having a long drift for several seconds or minutes, or instead of simply
communicating as usual despite the interference, the role switch command, which is a legacy
command, can be used to change the BT network clock for the heretofore unknown purpose of

aligning BT and LTE communications, e.g., aligning the timing of the BT packet switch between
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transmit and receive to the timing when the LTE packets switch between transmit and receive,
based on the LTE end/start of frame. The BT network clock change using the role switch
command can be accomplished in less than 10 msec time frame. More particularly with regard
to the role switch procedure, the primary purpose of the role switch procedure is to change the
master and slave roles, however, there is a known option in the role switch procedure to specify
a next time that the master and slave expect to communicate with each other which is used for
the previously unknown function of re-timing the BT network to the LTE network.

[0021] As detailed further herein, the role switch procedure can be performed as follows:
while the BT is acting as master, the command is performed twice, first moving to slave role,
and the second back to master role, but specifying new BT network clock that is now timed
based on the LTE frame. As a result of this procedure, the BT network clock will be already
synchronized to the LTE/WiMax frames so that pairs of BT transmit/receive communications are
timed to coincide with pairs of LTE transmit/receive communications, at least once per LTE
frame.

[0022] Referring now to FIGS. 2 and 3, two diagrams illustrating frequencies that coexist on
a handset are described. As an example, consider a cellular phone that has both LTE and BT
technologies inside the phone, in which LTE (4G cellular) and Bluetooth must coexist. The LTE
Band 40 (RDD), Band 7 (FDD) and Band 38 (TDD) reside adjacent to the ISM band which is
used for Bluetooth, as illustrated. Especially, Band 40 has 0 MHz frequency separation from the
start of the ISM band used by Bluetooth. The blocking or the coexistence issues will occur if
both technologies are implemented in the cellular phone. If there is a cellular handset with LTE
working at band 7 and band 40 (the problematic bands), there will be co-existence issues. RF
solutions such as band pass filters cannot be used when no frequency separation exists and as a
result, time-domain techniques need to be applied to allow coexistence of Bluetooth and LTE.
[0023] As an example, the issues with co-existence arise when a conventional cellular
handset has both an LTE chipset and a BT chipset. Each one of the chipsets has a receiver and a
transmitter (conveniently referred to as a “transceiver”). At a certain time the transceiver can

either receive or transmit. FIG. 4 provides an example illustration of the coexistence problem,
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FIG. 5 provides an illustration of a packet sequence to align LTE and BT, and FIG. 6 provides a
comparative example illustration of the solution discussed herein. Discussion follows.

[0024] Referring now to FIG. 4, a timing diagram illustrating Bluetooth and LTE
transmission and reception times will be discussed and described. Here, a communication device
is equipped with both BT and LTE which are experiencing interference. In FIG. 4, the top series
illustrates LTE communications 401 (sometimes referred to as*MWS”). At certain periods there
are reception (RX) communications and at others there are transmission (TX) communications.
This is conventional LTE communications. One frame is conventionally 10 ms, and in this
example consists of one TX communication followed by four RX communications. The frames
405, 407, 409 are sequential, and the timing of the frames is determined so as to match to a base
station with which the device communicates.

[0025] Also, in this figure in the bottom series is illustrated a sequence of Bluetooth
communications 403 with TX (transmit) 421 and receive (RX) 423 blocks, also referred to as a
M/S pair (master/slave pair). BT transmissions occur in pairs of the TX and RX block during the
BT slot 403. Bluetooth communications typically alternate between the slave and the master
pairs. This will be for example, a BT equipped handset and a BT headset device. When one
transmits, the other receives.

[0026] BT and LTE on the same communication unit are transmitting and receiving
independently. If LTE and BT both transmit at the same time, there is no problem. If they both
receive at the same time, there is no problem. But if one transmits and the other receives, then
the Bluetooth communications experience interference.

[0027] In FIG. 4, the interference is indicated by the hatches marking a master-slave pair of
Bluetooth communications, noticeable when there is a BT/LTE transmission and a reception
simultaneously during at least one part of a master-slave pair of BT communications. The
Bluetooth switch points between TX and RX 421, 423 pairs are never lined up with the LTE
switch point between TX and RX, as shown by the dotted vertical lines In the Bluetooth slot 403,
all of the Bluetooth MS pairs experience interference because in this example there is always

LTE receive and BT transmit signal, or a LTE transmit and BT receive signal, which cannot
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coexist. The MS pairs fail because of the coexistence issue during either or both halves of the
M/S pair.

[0028] The problem is to get the BT M/S pairs to line up to the LTE receive/transmit pairs.
This can be thought of as lining up the end of the LTE frame 405, 407, 409, which is when LTE
switches between transmit and receive, with the switch point which is between BT TX and RX
blocks 421, 423, when the Bluetooth master/slave pair switches between master and slave.
[0029] Without aligning the Bluetooth network to the LTE network, the BT communications
will collapse due to errors. The LTE network timing cannot be changed because it is aligned to
the base station which cannot be adjusted by the communication unit. However, the BT network
time can be changed to solve the problem. Time domain techniques for allowing Bluetooth/LTE
coexistence are based on aligning Bluetooth and LTE transmission and reception times.
Available Bluetooth devices do not have a straightforward way to alter their network time, and
Bluetooth standards do not specify a command to alter the BT network clock. Using
conventional techniques, a BT device would usually wait at least 10 seconds, and possibly up to
several minutes, for both networks to align utilizing drift.

[0030] Referring now to FIG. 5, a diagram illustrating a packet sequence to align the BT
network to the LTE will be discussed and described. To change the BT network time so that the
Bluetooth switch points between transmit and receive are lined up with the point where LTE
switches between transmit and receive, the conventional BT Role-switch procedure is used to
switch between BT master and slave roles. However, the conventional BT role switch procedure
is not used for its conventional purpose, but is instead used to change the BT network timing. As
a side effect, which is not the main purpose, the conventional BT role switch procedure updates
the BT network timing. When the BT handset and headset, for example, switch roles between
them, the role switch procedure has an option as part of the procedure to update the timing.
Here, the proper timing for the alignment is determined and then the BT role-switch is
performed, not for its main purpose, but specifically to update the BT network clock so as to line

up the switch points in the slot pairs to the ends of the LTE frames.
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[0031] The BT Role-switch procedure is a known link layer procedure. The Bluetooth
chipset, for example, can issue an LMP (Link Manager Protocol) switch role command to switch
from master to slave, but as a side effect there is a possibility to upload new timing. The BT
network time can be reloaded as a side effect of the command.
[0032] The BT Role-switch command is at the link layer level. It is denominated “role-
switch”, and is defined in the Link Manager Protocol Specification, for example, in section 4.4
of BT Core Specification 4.0, and also in earlier versions thereof. Section 4.2 of the Core
Specification discusses link layer packets.
[0033] In FIG. 5, a BT slot 501 conventionally alternates between TX and RX pairs. A
series of two role switch commands are issued to cause the BT network to align to the LTE
network. These commands are conventional, although the retiming information in the
commands is not conventional Here, the following sequence of commands is issued:

LMP Switch request 503

LMP Slot Offset 505

LMP Accepted 507

FHS ID 509

... then the BT network re-times

LMP Slot Offset 511, in which the LMP Slot Offset contains the retiming information
to align to LTE UL:DL switch point

LMP Switch Request 513

LLMP Accepted 515

... then the BT network retimes

Then conventional communication resumes with TX/RX pairs 517, 519, as discussed
further in connection with FIG. 6.
[0034] Referring now to FIG. 6, a timing diagram illustrating Bluetooth and LTE
transmission and reception times with co-existence, after being re-timed according to FIG. 5,
will be discussed and described. As in FIG. 4, the top series illustrates LTE communications

601and on the lower series illustrates a sequence of Bluetooth communications 603. Here, at
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least one BT transmit/receive pair is lined up with the LTE receive/transmit pair per frame so
that they do not experience interference. The Bluetooth switch points between TX and RX 605,
607 pairs 609, 611, 613, 615 are lined up with the switch point between LTE TX and RX, as
shown by the dotted vertical lines. Thus, at least some of the LTE receive transmissions are
lined up with the receive half of the Bluetooth communication; and the corresponding LTE
transmit transmissions are lined up with the transmit half of the Bluetooth communication pairs
609, 611, 613,6 15. Some of the BT communications still experience interference, however,
this is much less than the interference illustrated in the example of FIG. 4.

[0035] It is possible to rely on drift to retime Bluetooth and LTE transmission and reception
times. In this situation, a device with both LTE and Bluetooth will drift the network clock for a
long period up to the required BT clock change. Using drift in this manner can result in an
undesirable use case because of the long delay waiting during the drift. The slow drift usually
causes the network to disconnect because it is too slow.

[0036] Reference is made again to FIG. 4. In FIG. 4, BT communications experience
interference and the BT communication ultimately may collapse due to errors.

[0037] Now comparing FIG. 4 to FIG. 6, more packets are successful in FIG. 6. However, in
Bluetooth, it is an acceptable use case to successfully convey one pair of packets every 5 ms or
so (corresponding to the LTE frame) and to drop or lose the packets which experience
interference. This is manageable for typical Bluetooth uses such as e.g., a phone call. So,
allowing packets to be sent at 30 % of the optimum rate as is the case in FIG. 6 is acceptable to
the user.

[0038] Referring now to FIG. 7, a block diagram illustrating Bluetooth protocol layers will
be briefly discussed and described. In overview, a Bluetooth device includes a BT layered
protocol which generally includes a physical layer 701, a link layer 703, a host controller
interface (HCI) layer 705, a logical link control applications protocol layer (L2ZCAP) 707,an RF
communications protocol layer (RFCOMM) 709, an object exchange (OBEX) layer 711, and a

service discovery layer 713. Some of these layers can be omitted, augmented or combined
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according to known techniques. Each of these layers is generally known and will not be further
described.
[0039] The link layer 703 is of interest here and is defined by the Link Manager Protocol
Specification, and a known role switch procedure in the link layer 703 can be used with a
previously unknown timing. In particular, a side effect of the link layer role switch procedure
can be to line up the timing to a specified point, and to end up at the exact same state in the
Bluetooth protocol. In this case, the side effect can be provided with pre-determined timing such
that the BT network is lined up with the LTE network. There are other options for lining up the
timing, such as slowly drifting the BT clock (discussed above) which takes up to several
minutes. However, by using the BT role-switch procedure, the change can be performed in
about ten ms.
[0040] The proposal herein can allow a BT headset according to BT Core Specification 4 or
carlier (referred to herein sometimes as a “legacy” BT technology, “legacy” BT headset, or
similar) to work with an LTE enabled cellular phone that has a BT transceiver. When a user
buys a new cell phone, they may want their existing BT headset to work with the new cell phone.
Most of the current solutions to the problem discussed herein are not compatible with legacy BT
headsets but instead are additions to the BT protocol to solve this issue. For example, currently
the BT SIG is working on defining “LTE compatible” Bluetooth devices; the assumption so far
is that “LTE compatible” Bluetooth devices will work only with another “LTE compatible”
device that accommodates heretofore undefined commands and not with a legacy device that
does not accommodate these new commands. This means that a user of a new LTE enabled
cellular phone would need to purchase a new headset instead of being able to use their legacy
Bluetooth headset.
[0041] The proposal herein, however, can be a simple change on the BT chipset that does not
force any change of the BT headset but just piggybacks the new alignment timing on the
conventional role-switch command. Consequently, use of this scheme will support the legacy
headsets and other legacy BT technology. Thus, a purchaser of an LTE enabled handset can

continue to use a favorite conventional Bluetooth headset.
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[0042] Referring now to FIG. 1, a block diagram illustrating portions of a communication
unit will be discussed and described. FIG. 1 is a block diagram of an example communication
device for use in operation of one or more embodiments. The communication device 101 may
include an LTE processor 103 and an LTE transceiver 155; a BT processor 105 and a BT
transceiver 157; an application processor 163; a memory 109 in communication with the BT
processor 105; a microphone (not illustrated), a text and/or image display 151, a speaker (not
illustrated), and/or a user input device such as a keypad 153.

[0043] The LTE processor 103 and BT processor 105 each may comprise one or more
microprocessors and/or one or more digital signal processors. Portions associated with the LTE
processor 103 have been omitted for simplification. Many other portions of the BT and LTE
technology and conventional portions of a communication unit are well known and have been
omitted to avoid obscuring the discussion. The memory 109 may be coupled to or incorporated
in the BT processor 105 and may comprise a read-only memory (ROM), a random-access
memory (RAM), a programmable ROM (PROM), and/or an electrically erasable read-only
memory (EEPROM). The memory 109 may include multiple memory locations for storing,
among other things, at least a rudimentary operating system, data and variables 111 for programs
executed by the BT processor 105; computer programs for causing the BT processor to operate
in connection with various functions such as to set up 113 a BT connection, to determine 115
whether the LTE connection is active, to determine 117 the expected alignment time, to perform
119 a legacy command or role switch command that specifies the expected alignment time, to
perform 121 BT transmission/reception with the usual timing, to perform 123 BT
transmission/reception with timing aligned to the LTE frame, and/or other processing; and a data
storage 123 for other information used by the BT processor 105. The computer programs may
be stored, for example, in ROM or PROM and may direct the BT processor 109 in controlling
the operation of at least the BT portion of the communication device 101. Each of these
functions is considered in more detail herein.

[0044] In the communication device 101, there may be at least two chipsets which are not

synchronized, one for LTE and one for Bluetooth, and each chipset has their own processor, such
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as the LTE processor 103 and the BT processor 105. There may also be an application processor
163 controlling these two chipsets, but which is well understood and is not relevant for this
discussion. The BT network clock discussed herein is conventionally implemented as a virtual
clock different from the hardware clock that is attached to the BT transceiver itself. The BT
network clock is what is synchronized to the LTE as discussed herein.

[0045] The LTE processor 103 may transmit and receive communications to/from a LTE
network infrastructure device 159 such as a base station via an optional LTE RF front end (not
illustrated) over the LTE transceiver 155, according to known techniques and LTE
communication standards. Using known techniques, the LTE processor 103 can send timing
information 161 to the BT processor 105 that indicates among other things the timing for the
frames, specifically, the reference timing signal for frame boundary that the LTE sends as is
conventional.

[0046] The BT processor 105 can use the timing information 161 from the LTE processor as
further discussed herein to allow the capture offset needed to align the BT network to the LTE
processor.

[0047] The user may invoke functions accessible through the keypad 153 or other user input
device. The user input device may comprise one or more of various known input devices, such
as a keypad, a computer mouse, a touchpad, a touch screen, a trackball, and/or a keyboard. The
display 151 may present information to the user by way of a conventional liquid crystal display
(LCD) or other visual display, and/or by way of a conventional audible device (e.g., a speaker)
for playing out audible messages.

[0048] Responsive to signaling from the user input device 153, in accordance with
instructions stored in memory 109, or automatically upon receipt of certain information via the
BT transceiver 157, the BT processor 105 may communicate information to or from a BT device
161 over the BT transceiver 157 according to known techniques and BT standards.

[0049] The BT processor 105 may be programmed to set up 113 a BT connection, in
accordance with known techniques. The BT processor can initiate the active connection, or can

respond to a request for the BT active connection. The BT processor on the communication
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device does not have to initiate the active BT connection. Techniques for setting up an active
BT connection are known for requesting and acknowledging a request for the connection and
exchanging any other necessary information to place the BT processor 105 in communication
with the BT device 161.

[0050] The BT processor 105 may be programmed to determine 115 whether the LTE
connection is active. This can be performed in accordance with known techniques. For
example, a signal in one of the LTE bands can be detected, or the BT processor 105 can be
informed by the LTE processor 103 over connection 161 that an LTE connection is active, or
interference that occurred with a BT communication can be noted, or similar.

[0051] The BT processor 105 may be programmed to determine 117 the expected alignment
time so that the BT master and slave packet switch point is aligned to the LTE frame. The offset
timing for lining up the BT and LTE network, which is injected into the BT network clock to
align it, can be determined using known techniques. For example, the LTE frame size is known
and the actual end/beginning of a frame can be determined from a detected signal or can be
indicated by the LTE processor 103 via communication signal 161; from this information the
timing when the subsequent LTE frames will start/end can be determined. Also, the MS packet
size can be determined from the requested BT communications, and the MS switch point can
aligned to the end/beginning of the LTE frame by working backwards to when the MS packet
pair should be commenced. In any event, there are several known methods for determining the
alignment of transmit/receive switch point in the LTE frame to the MS switch point, and any of
the methods can be used.

[0052] The BT processor 105 may be programmed to perform 119 a legacy command or role
switch command that specifies the expected alignment time as the next time for master/slave
communications. The legacy command can be, for example, a consecutive sequence of two link
layer role switch command sets, either master to slave and then slave to master, or slave to
master and then master to slave. The command is referred to as a “legacy command” because it
exists in current technology, that is specified in a BT Core Specification 4.0 or earlier, to

distinguish from a command that was not specified in BT Core Specification 4.0 or earlier which
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consequently a “legacy” device might not understand; the “legacy command” may continue to be
defined in a later specification if it was defined earlier. The link layer role switch command and
the associated sequence for the link layer role switch procedure is described in the BT
specification and is well defined, conventional, and well understood. To be compatible not only
with new devices but also with legacy BT devices, the commands can be as described in the
specification. For example, a conventional role switch master to slave procedure is performed: a
master to slave role switch packet is sent, an ACK is received (to accept the role switch), and
then a packet is sent specifying the time to meet again, an ACK is received (to accept the time),
etc. all as described in the specification. Then, the role switch slave to master is performed: a
slave to master role switch packet is sent, an ACK is received (to accept the role switch), and
then a packet is sent specifying the time to meet again, an ACK is received (to accept the time),
etc. all as described in the specification. However, in contrast to the conventional role switch
procedure, before the role switch from slave to master is performed, the expected alignment time
to line up with LTE is calculated, and the expected alignment time is used as the time to meet
again instead of the usual time.

[0053] Note, the expected alignment time is determined before performing at least the last
role switch procedure because the role switch procedure allows for an indication of the next time
to begin BT communications which is specified as described herein. The expected alignment
time is inserted into the role switch procedure and consequently overrides the default time, if
any, that may be specified.

[0054] The BT processor 105 may be programmed to perform 121 BT transmission and
reception, for example to communicate with the BT device 161 over the BT transceiver 157
when an LTE connection is not active. Such transmission and reception can be performed with
the usual timing. This can be done in accordance with conventional techniques.

[0055] The BT processor 105 may be programmed to perform 123 BT transmission and
reception, for example to communicate with the BT device 161 over the BT transceiver 157
when an LTE connection is active. In this case, the timing of the BT transmission and reception

timing can be aligned to the timing of the LTE transmit and receive based on the LTE frame by
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setting the BT network clock to the expected alignment time. In one situation, the BT network
clock once aligned remains aligned and hence the BT transmission and reception thereafter can
be performed as usual; any unaligned packets will experience interference and be dropped as
usual but there is at least one master/slave packet pair that is aligned within each subsequent
LTE frame. In another situation, the BT network clock remains aligned and a predetermined
delay is inserted between MS packet pairs so that the MS packet switch point remains aligned to
the LTE frames. In yet another situation, the BT network clock does not remain aligned to the
LTE (perhaps the BT drifts or a new LTE connection is activated), and a role switch procedure is
performed to reset the BT network clock to a new expected alignment time. However, once the
BT transmission and reception timing is aligned to LTE transmit and receive based on the LTE
frame, the BT transmission and reception can be performed in accordance with conventional
techniques.

[0056] As will be understood in this field, besides the functions discussed above, the
memory 109 can include other miscellancous information in the misc. database 123, along with
the usual temporary storage and other instructions for other programs not considered herein.
[0057] It should be understood that FIG. 1 is described in connection with logical groupings
of functions or resources. One or more of these logical groupings may be omitted from one or
more embodiments, for example, the keypad 153 and/or text/image display 151 can be omitted
from the device. Likewise, functions may be grouped differently, combined, or augmented
without parting from the scope. Similarly the present description may describe various
collections of data and information. One or more groupings of the data or information may be
omitted, distributed, combined, or augmented, or originated locally and/or remotely without
departing from the scope.

[0058]  Referring now to FIG. &, a flow chart illustrating a BT communications procedure 801
will be discussed and described. The procedure can advantageously be implemented on, for
example, a processor of a communication unit, described in connection with FIG. 1, or other

apparatus appropriately arranged.
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[0059] In overview, the BT communications procedure 801 can set up 803 the BT
connection, check 805 whether there is an active LTE connection 805, and if so check 807
whether BT and LTE are already aligned. If there is an active LTE connection and BT and LTE
are not aligned, then the procedure 801 can determine 809 the expected alignment time, perform
811 the link layer command to switch master/slave, perform 813 the link layer command (again)
to switch master/slave and uploading the expected alignment time to the BT network clock. If
BT and LTE are already aligned, or if there is no active LTE connection, then the procedure
leaves 817 the BT network clock as already set — there is no reason to align the clock to LTE.
Then, now that the BT connection is set up and the BT network clock is aligned (if necessary),
the procedure 801 performs 815 BT transmission and reception. Many details relating to these
have been described above, however, some additional discussion follows although previously
discussed details may be omitted. The detailed discussion follows.

[0060] The procedure 801 can set up 803 the BT connection, as previously described. The
procedure can initiate the BT connection, and/or can receive the request for the BT connection.
Conventional techniques can be used.

[0061] The procedure 801 can check 805 whether there is an active LTE connection 805, as
previously described, using known techniques.

[0062]  The procedure 801 can check 807 whether BT and LTE are already aligned, that is,
whether the BT transmit/receive packet switch point is already aligned with the LTE
transmit/receive packet switch point based on the end or beginning of an LTE frame. The packet
switch point can be determined as described above. Also, the determination of an LTE frame
was described above; several techniques are known for making this determination. As shown in
FIG. 8, this determination can be skipped if the LTE is not active.

[0063] In a situation that there is an active LTE connection and BT and LTE are not aligned,
then the procedure 801 can determine 809 the expected alignment time based on the LTE frame.
This has been discussed in detail above, and will not be repeated here.

[0064] The procedure 801 can perform 811 the link layer command to switch master/slave, so

that the original master becomes the slave, and then the procedure performs 813 the link layer
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command (again) to switch master/slave so that the original master is again the master. The
situation can be that the device running the procedure is currently a master and so the device
performs the link layer procedure to role switch from master to slave. If this is the situation, then
the second role switch procedure will be from slave to master. On the other hand, if the situation
is that the device running the procedure 801 is currently a slave, the device performs the link
layer procedure to role switch from slave to master; the second role switch procedure will be
from master to slave. In any event, the first role switch command switches the roles of the
original master and original slave, and the second role switch command switches the roles back
to the original master and original slave.

[0065] When the procedure 801 performs 813 the second link layer command (again) to
switch master/slave so that the original master is again the master, the procedure 801 takes
advantage of a side effect to upload the expected alignment time as a new time to the BT
network clock. As previously discussed, the role switch procedure (which calls for the LMP
switch request and the LMP slot offset commands) provides an optional parameter that specifies
a time to upload to the BT network clock which defines a fixed synchronization point in time at
which the BT master and BT slave are synchronized. The expected alignment time is specified
as the BT network clock. When the second link layer role switch procedure is performed with
the BT network clock, the BT master and BT slave synchronize to that point, which as explained
above was set to the expected alignment time based on the LTE frame. Thus, the second link
layer role switch procedure can be used to synchronize the BT master and BT slave to a third
point in time, more specifically, to the switch point between LTE transmit/receive based on the
LTE frame.

[0066] If BT and LTE are already aligned, or if there is no active LTE connection, then the
BT network clock is left as already set. There is no reason to update the BT network clock to
LTE if there is no active LTE connection, or if BT and LTE are already aligned. In the situation
that there is no active LTE connection, BT communications can proceed as normal without

consideration of coexistence with an LTE connection. In the situation that the BT network clock
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is not already aligned to LTE, then successful BT communications may not occur until the BT
network is retimed so that the next BT packet switchpoint aligns to the LTE frame.

[0067]  Then, now that the BT connection is set up and the BT network clock is aligned (if
necessary), the procedure 801 performs 815 BT transmission and reception. This can be done
using ordinary techniques. It should be noted that the BT transmission and reception 815 that is
aligned to LTE might drop transmission/reception pairs that experience interference that would
otherwise have been successfully sent if there were no co-existence issue with the LTE.

[0068] That is, consider that BT is has packets A, B, C, D, E,F, G,H, 1, J ... to be sent. If
there is no consideration of the effect of the LTE, the BT can send all of the master/slave packet
pairs. However, the alignment of the BT network clock to the LTE frame can permit, for
example, every third master/slave packet pair to be transmitted with the packet pairs between to
be dropped thereby permitting the alignment, as follows: A, D, G, J, ... If the BT master/slave
packet pairs are a typical handset/headset communications, this yields acceptable results for the
user.

[0069] According to Bluetooth Specification Version 4.0, the role switch procedure is a
method for swapping the roles of two devices connected in a piconet. The procedure involves
moving from the physical channel that is defined by the original master device to the physical
channel that is defined by the new master device. In the process of swapping from one physical
channel to the next, the hierarchy of physical links and logical transports over the BR/EDR
Controller are removed and rebuilt, with the exception of the ASB and PSB logical transports
that are implied by the topology and are not preserved. The BT specification defines the role
switch LMP procedure optionally to include a BT clock as a parameter in order to define a fixed
synchronization point. The LMP_switch_req PDU contains a parameter, switch instant, which
specifies the instant at which the TDD switch is performed. This is specified as a Bluetooth
clock value of the master's clock that is available to both devices. When the LMP_switch req is
received the switch instant is compared with the current master clock value; if it is in the future
then an LMP_accepted PDU is returned assuming the role switch is allowed and a timer is

started to expire at the switch instant; the role switch is initiated when the timer expires.
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[0070] The term “legacy command,” sometimes referred to as “legacy link layer command”,
refers to a role switch command that is used to set a BT alignment time of a switch point
between Bluetooth master/slave packets to a LTE switch between transmit and receive. The
legacy command can be specified in a BT Core Specification 4.0 or earlier, and consequently a
BT device that is built according to BT Core Specification 4.0 or earlier (referred to as a
“legacy” device) will recognize the legacy command and perform as specified. This is in
comparison to a non-legacy command that was not specified in a BT Core Specification 4.0 or
carlier such that a legacy device will not recognize the non-legacy command properly and thus
will not necessarily perform as specified. Here, more specifically, the legacy command can be a
role switch command, for example at the link layer of BT protocol layers, more especially a BT
role switch procedure which includes the role switch command, and even more particularly can
be a first link layer role switch command to switch the original master and slave designations
and then a second link layer role switch command to switch back to the original master/slave
designations.
[0071] It should be noted that the term communication unit may be used interchangeably
herein with subscriber unit, wireless subscriber unit, wireless subscriber device or the like. Each
of these terms denotes a device ordinarily associated with a user and typically a wireless mobile
device that may be used with a public network, for example in accordance with a service
agreement, or within a private network such as an enterprise network. Examples of such units
include a cellular handset or device, a personal digital assistant, a personal assignment pad, and a
personal computer equipped for wireless operation, a cellular handset or device, or equivalents
thereof, provided such units are arranged and constructed for simultaneous operation in an LTE
network and a BT network.
[0072] The communication systems and communication units of particular interest are those
providing or facilitating voice communications services or data or messaging services over
cellular wide area networks (WANSs), such as conventional two way systems and devices,
various cellular phone systems including analog and digital cellular, CDMA (code division

multiple access) and variants thereof, GSM (Global System for Mobile Communications), GPRS

20



WO 2013/149239 PCT/US2013/034801

(General Packet Radio System), 2.5G, 3G and 4G systems such as UMTS (Universal Mobile
Telecommunication Service) systems, Internet Protocol (IP) Wireless Wide Area Networks like
802.16, 802.20 or Flarion, integrated digital enhanced networks, LTE (Long Term Evolution),
WiMAX 2 such as 802.16m, WiMAX1, and 4G access technologies such as LTE Advanced, and
variants or evolutions thereof.

[0073]  Furthermore the wireless communication units or devices of interest may have short
range wireless communications capability normally referred to as Bluetooth, such as specified in
Bluetooth Core Specification version 4.0, earlier variations thercof, sometimes referred to as
Classic Bluetooth, Bluetooth high speed protocol, Bluetooth low energy (WiBree) protocol, and
later variations of Bluetooth, which can operate in connection with WLAN (wireless local area
network) capabilities, such as IEEE 802.11 and the like preferably using CDMA, frequency
hopping, OFDM (orthogonal frequency division multiplexing) or TDMA (Time Division
Multiple Access) access technologies and one or more of various networking protocols, such as
TCP/IP (Transmission Control Protocol/Internet Protocol), UDP/UP (Universal Datagram
Protocol/Universal Protocol), IPX/SPX (Inter-Packet Exchange/Sequential Packet Exchange),
Net BIOS (Network Basic Input Output System) or other protocol structures.

[0074] It should be noted that the term network infrastructure device denotes a device for
supporting communications with one or more wireless communication device, comprising one or
more base stations which communicate with a central controller, and the like, and variants or
evolutions thereof.

[0075]  Those skilled in the art will appreciate that modifications may be made to the example
embodiments, and also that many other embodiments exist, within the scope of the claimed

invention.
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CLAIMS

What is claimed is:

1. A communication unit comprising:
a BT transceiver;
a LTE transceiver;
a processor cooperatively operable with the BT transceiver, and configured to
set up a BT connection over the BT transceiver;
perform a legacy command to synchronize BT transactions over the BT
connection to LTE frames in a LTE connection over the LTE transceiver, instead of waiting for
the BT transactions to synchronize to the LTE frames, when the communication unit is acting as
BT master, whereby a BT network clock is synchronized to LTE frames transmitted over the

LTE transceiver.

2. The communication unit of claim 1, wherein the legacy command is a role switch
command that is used to set a BT alignment time of a switch point between Bluetooth

master/slave packets to a LTE switch between transmit and receive.

3. The communication unit of claim 1, wherein the legacy command is specified in a

BT Core Specification 4.0 or earlier.

4. The communication unit of claim 1, wherein the legacy command comprises a
first link layer role switch command to move to slave and then a second link layer role switch

command to move to master.

5. The communication unit of claim 1, wherein the legacy command is a role switch

command formatted according to a Bluetooth link layer standard.
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6. The communication unit of claim 1, wherein the processor determines an
expected alignment time to align BT master and slave packets to transmit and receive in the
LTE frame based on a start time of the LTE frame, and the processor indicates the expected

alignment time in the legacy command.

7. The communication unit of claim 1, wherein the processor determines an
expected alignment time to align BT master and slave packets to transmit and receive in the
LTE frame based on a start time of the LTE frame, and the legacy command is performed twice
to switch the communication unit role to BT slave and then back to BT master while uploading

the expected alignment time to the BT network clock.

8. A method for coexistence of BT and LTE networks on a same communication
unit, comprising:

setting up a BT connection over a BT transceiver on a communication unit;

performing, on the communication unit, a legacy command to synchronize BT
transactions over the BT connection to LTE frames in a LTE connection over an LTE
transceiver on the communication unit, instead of waiting for the BT transactions to
synchronize to the LTE frames, when the communication unit is acting as BT master, whereby a

BT network clock is synchronized to LTE frames transmitted over the LTE transceiver.

9. The method of claim 8, wherein the legacy command is a role switch command
that is used to set a BT alignment time of a switch point between Bluetooth master/slave

packets to a LTE switch between transmit and receive.

10.  The method of claim 8, wherein the legacy command is specified in a BT Core

Specification 4.0 or earlier.

11.  The method of claim §, wherein the legacy command comprises a first link layer
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role switch command to move to slave and then a second link layer role switch command to

move to master.

12.  The method of claim §, wherein the legacy command is a role switch command

formatted according to a Bluetooth link layer standard.

13.  The method of claim 8, further comprising determining, in the communication
unit, an expected alignment time to align BT master and slave packets to transmit and receive in
the LTE frame based on a start time of the LTE frame, and indicating the expected alignment

time in the legacy command.

14.  The method of claim 8, further comprising determining, in the communication
unit, an expected alignment time to align BT master and slave packets to transmit and receive in
the LTE frame based on a start time of the LTE frame, and performing the legacy command
twice to switch the communication unit role to BT slave and then back to BT master while

uploading the expected alignment time to the BT network clock.

15. A non-transitory computer-readable medium comprising instructions for
execution by a computer, the instructions including a computer-implemented method for
coexistence of BT and LTE networks on a same communication unit, comprising:

setting up a BT connection over the BT transceiver;

determining an expected alignment time to align BT master and slave packets based on a
LTE frame based on a start time of a next LTE frame, and inserting the expected alignment time
in a legacy command; and

performing the legacy command with the expected alignment time to synchronize BT
transactions over the BT connection to transmit and receive in the LTE frames in a LTE

connection over the LTE transceiver.
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16.  The computer-readable medium of claim 15, wherein the legacy command is a
role switch command that is used to upload the expected alignment time to the Bluetooth

network clock.

17.  The computer-readable medium of claim 15, wherein the legacy command is

specified in a BT Core Specification 4.0 or earlier.

18.  The computer-readable medium of claim 15, wherein the legacy command is a

role switch command formatted according to a Bluetooth link layer standard.

19.  The computer-readable medium of claim 15, wherein the legacy command
comprises a first link layer role switch command to move to slave and then a second link layer

role switch command to move to master.
20.  The computer-readable medium of claim 15, further comprising performing the

legacy command twice to switch the communication unit role to BT slave and then back to BT

master while uploading the expected alignment time to the BT network clock.
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