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(57) Abstract: Methods and apparatus related to the sharing of wide area network (WAN) downlink bandwidth with peer to peer
communication signaling usage are described. A WAN, e.g., cellular, wireless communications device using a base station attach-
ment point, transmits a signal to be used by a peer to peer wireless communications device for controlling its peer to peer transmit
power level. The peer to peer wireless communications device receives and measures the strength of the power control signal from
the WAN wireless communications device. The measurement information is used by the peer to peer wireless communications de-
vice in determining whether or not peer to peer signal transmission is permitted and/or in determining a peer to peer transmission
power level. Thus the WAN device is able to manage interference from the peer to peer devices in its vicinity which impacts its
recovery of WAN base station downlink signals.
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METHODS AND APPARATUS RELATED TO INTERFERENCE
MANAGEMENT WHEN SHARING DOWNLINK BANDWIDTH BETWEEN
WIDE AREA NETWORK USAGE AND PEER TO PEER SIGNALING

FIELD

[0001] The present invention is directed to methods and apparatus for wireless
communication, more particularly, to methods and apparatus for use in wireless
communication systems including at least some peer to peer wireless communication

devices.

BACKGROUND

[0002] Wireless spectrum is an expensive and valuable resource. In wide area
network systems, e.g., cellular systems, wireless spectrum allocated to the WAN is, at
times, less than fully utilized. It would be advantageous if methods and apparatus were
developed which recognized and/or utilized such underutilized air link resources. It
would be beneficial if such methods and apparatus were adaptive such that interference
to the WAN communications generated from the additional usage of the air link

resource could be managed.

SUMMARY

[0003] Methods and apparatus related to the sharing of wide area network
(WAN) downlink bandwidth with peer to peer communication signaling usage are
described. A wireless communications device operating in a WAN mode of operations,
e.g., cellular mode of operation using a base station attachment point, transmits a signal
to be used by a wireless communications device operating in a peer to peer mode of
operating in controlling its peer to peer transmit power level.

[0004] In some embodiments the signal used for controlling peer to peer
transmit power level is a signal transmitted to a base station, e.g., a typical uplink
control signal used in maintaining WAN communications. For example, in some
embodiments, the signal is one of: a CDMA reverse link pilot channel signal and a
single tone OFDM control channel signal. Thus in such embodiments, the signal serves

dual purposes: (i) WAN communications link maintenance and (ii) interference control
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regarding interference sourced from peer to peer signaling, the interference control
being obtained via control of peer to peer transmission power levels.

[0005] In some embodiments the signal used for controlling peer to peer
transmit power level is a peer to peer power reference signal, determined by the wireless
communications device in a WAN mode of operation and broadcast with the intent that
it will be received and used by wireless communications devices in a peer to peer mode
of operation. Such a peer to peer transmit power reference signal is adjusted, in various
embodiments, such that a target SNR regarding downlink signals from the base station
is maintained at the wireless communications device in the WAN mode of operation.

[0006] The wireless communications device in the peer to peer mode receives
and measures the strength of the power control signal from the wireless communications
device in the WAN mode. The measurement information is used by the peer to peer
wireless terminal in determining whether or not peer to peer signal transmission is
permitted and/or in determining a peer to peer transmission power level.

[0007] An exemplary method of operating a first communications device to use
a downlink frequency band for peer to peer communications, the downlink frequency
band being used by a base station to communicate with a second communications
device, comprises: receiving a signal transmitted by the second communications device;
and determining a peer to peer signal transmission power level from the received signal.
The determined peer to peer signal transmission power level is, €.g., a maximum
permitted peer to peer transmission power level.

[0008] An exemplary first communications device which supports use of a
downlink frequency band for peer to peer communications, the downlink frequency
band being used by a base station to communicate with a second communications
device, comprises: a wireless receiver module for receiving a signal transmitted by the
second communications device; and a peer to peer signal transmission power level
determination module for determining a peer to peer signal transmission power level
from the received signal. In some embodiments, the peer to peer signal transmission
power level determination module determines a maximum permitted peer to peer
transmission power level.

[0009] An exemplary method of operating a mobile communications device

includes: receiving a signal from a base station; and broadcasting a peer to peer power
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reference signal based on the received signal. In various embodiments, the method
further comprises, prior to performing said broadcasting: measuring the power of the
received signal; and determining the reference signal to be broadcast as a function of the
measured power.

[0010] An exemplary mobile communications device comprises: a wireless
receiver module for receiving a signal from a base station; and a wireless transmitter
module for broadcasting a peer to peer power reference signal based on the received
signal. In various embodiments, the mobile communications device further includes: a
power measurement module for measuring the power of the received signal; and a
reference signal determination module for determining the peer to peer power reference
signal to be broadcast as a function of the measured power.

[0011] While various embodiments have been discussed in the summary above,
it should be appreciated that not necessarily all embodiments include the same features
and some of the features described above are not necessary but can be desirable in some
embodiments. Numerous additional features, embodiments and benefits are discussed

in the detailed description which follows.

BRIEF DESCRIPTION OF THE FIGURES

[0012] Figure 1 is a drawing illustrating exemplary bandwidth usage in some
embodiments utilizing a time division duplex (TDD) for the wide area network, e.g., for
the cellular communications.

[0013] Figure 2 is a drawing illustrating exemplary bandwidth usage in some
embodiments utilizing a frequency division duplex (FDD) for the wide area network,
e.g., for the cellular communications.

[0014] Figure 3 is a drawing including an exemplary communications system
and a frequency band usage table in accordance with various embodiments.

[0015] Figure 4 is a flowchart of an exemplary method of operating a wireless
terminal supporting peer to peer communications in accordance with various
embodiments.

[0016] Figure 5 is a flowchart of an exemplary method of operating a wireless
terminal using a base station as its point of network attachment in accordance with

various embodiments.
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[0017] Figure 6 is a flowchart of an exemplary method of operating a wireless
terminal using a base station as its point of network attachment in accordance with
various embodiments.

[0018] Figure 7 is a drawing of an exemplary communications system in
accordance with various embodiments used to illustrate and describe various features.

[0019] Figure 8 is a drawing including: exemplary communications devices and
exemplary signaling and illustrating exemplary features in accordance with various
embodiments.

[0020] Figure 9 is a drawing including: exemplary communications devices and
exemplary signaling and illustrating exemplary features in accordance with various
embodiments.

[0021] Figure 10 is a drawing including: exemplary communications devices
and exemplary signaling and illustrating exemplary features in accordance with various
embodiments.

[0022] Figure 11 is a flowchart of an exemplary method of operating a first
communications device to use a downlink frequency band for peer to peer
communications, the downlink frequency band being used by a base station for
communication with a second communications device.

[0023] Figure 12 is a flowchart of an exemplary method of operating a first
communications device to use a downlink frequency band for peer to peer
communications, the downlink frequency band being used by a base station for
communication with a second communications device.

[0024] Figure 13 is a flowchart of an exemplary method of operating a mobile
communications device, €.g., a mobile node supporting cellular communications, in
accordance with various embodiments.

[0025] Figure 14 is a flowchart of an exemplary method of operating a mobile
communications device, €.g., a mobile node supporting cellular communications, in
accordance with various embodiments.

[0026] Figure 15 is a flowchart of an exemplary method of operating a mobile
communications device, €.g., a mobile node supporting cellular communications, in
accordance with various embodiments.

[0027] Figure 16 is a drawing of an exemplary communications device, ¢.g., a
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wireless terminal such as a mobile node, supporting peer to peer communications.
[0028] Figure 17 is a drawing of an exemplary mobile communications device,

e.g., an exemplary mobile wireless terminal supporting wide area network (WAN)

communications, ¢.g., cellular communications, and broadcasting information used to

influence peer to peer communications, in accordance with various embodiments.

DETAILED DESCRIPTION

[0029] Figure 1 is a drawing 100 illustrating exemplary bandwidth usage in
some embodiments utilizing a time division duplex (TDD) for the wide area network,
e.g., for the cellular communications. With respect to the wide area network, e.g.,
corresponding to a base station, the same frequency band is shared, e.g., in an
alternating pattern between uplink and downlink. For example, the TDD band used for
the wide area, e.g., cellular communications, is used for (uplink, downlink, uplink,
downlink) as indicated by blocks (104, 106, 108, 110), respectively, along time line
102. In addition, time intervals designated to be used for wide area network, e.g.,
cellular network, downlink are also used for peer to peer signaling, with the same TDD
band being used, as indicated by cellular downlink blocks (106, 110) being concurrent
with peer to peer blocks (112, 114), respectively.

[0030] Figure 2 is a drawing 200 illustrating exemplary bandwidth usage in
some embodiments utilizing a frequency division duplex (FDD) for the wide area
network, e.g., for the cellular communications. With respect to the wide area network,
e.g., corresponding to a base station, different frequency bands are used by the uplink
and downlink. In this exemplary embodiment, the FDD wide area uplink band is
represented by block 204 and the FDD wide area downlink band is represented by block
206 along frequency axis 202. In some embodiments, the uplink and downlink bands
are adjacent. In some embodiments, the uplink and/or downlink bands include non-
contiguous portions. In some embodiments, at least a portion of one of the uplink and
downlink bands is included between two different portions of the other one of the uplink
and downlink bands.

[0031] In addition to the typical cellular based uplink signaling in the FDD wide
area uplink band, the band is used for other activities related to peer to peer signaling.

Peer to peer wireless terminals also use the same downlink band for peer to peer
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signaling as indicated by block 208 located on frequency axis 202 corresponding to
FDD wide area downlink band 206.

[0032] Figure 3 is a drawing 300 including an exemplary communications
system 302 and a frequency band usage table 304 in accordance with various
embodiments. In the exemplary communications system 302 a wide area network
shares bandwidth with peer to peer communications. In various embodiments, the wide
areca network corresponds to a deployed system and the peer to peer capabilities involve
add to features. In some embodiments both the WAN and peer to peer capabilities are
part of an initial deployment. Frequency band usage table 304 indicates two types of
embodiments which can correspond to exemplary system 302. In the first type of
embodiment, type A embodiments, the wide area network uses frequency division
duplex (FDD) and the wide area frequency division duplex downlink band shares
bandwidth with peer to peer communications activities. In the second type of
embodiment, type B embodiments, the wide area network uses time division duplex
(TDD) of the same band for uplink and downlink , and the wide area band shares a
downlink time slot with peer to peer communications activities. Thus, in both types of
embodiments, the peer to peer communications signals directed between peer to peer
communications devices can interfere with the reception of downlink signals from the
base station by wide area network wireless terminals, and downlink signaling from the
wide area network base station can interfere with reception of peer to peer
communications signals by a peer to peer communications device. In various
embodiments but not necessarily all embodiments, in general, the reception of downlink
signals from a base station by a wide area network wireless terminal is considered to
have priority over peer to peer communications. Thus, it is desirable to protect the
wireless area network wireless terminals, e.g., mobile nodes, from a high level of
interference generated by peer to peer communications. An important consideration is
the distance between the peer to peer wireless terminal which is transmitting a peer to
peer signal and a wide area network wireless terminal which is attempting to recover a
downlink signal from a base station. Other considerations include the power level of
the transmission by the peer to peer wireless communications device and channel
conditions between the peer to peer wireless terminal and the wide area network

wireless terminal.
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[0033] Exemplary communications system 302 includes a base station 306, a
wide area network wireless terminal 308, ¢.g., a cellular mobile node, a first peer to peer
wireless terminal 310, and a second peer to peer wireless terminal 312. For the
purposes of illustration consider that base station 306 transmits downlink signal 314 to
wide area network wireless terminal 308. Wide area network wireless terminal 308
attempts to receive downlink signal 314 and recover the information communicated.
The signal 314 from the perspective of peer to peer wireless terminal 2 312 is viewed as
interference 318 from the base station 306. Now consider that the first peer to peer
wireless terminal 310 transmits peer to peer signal 316 to peer to peer wireless terminal
2 312. The signal 316 from the perspective of wide area network wireless terminal 308
is viewed as interference 320 from first peer to peer wireless terminal 310.

[0034] Figure 4 is a flowchart 400 of an exemplary method of operating a
wireless terminal supporting peer to peer communications in accordance with various
embodiments. Operation starts in step 402, where the peer to peer wireless terminal is
powered on and initialized. Operation proceeds from start step 402 to step 404. In step
404, the peer to peer wireless terminal monitors an uplink band for a predetermined type
of signal from a wireless terminal using a wide area network. The wireless terminal
using the wide area network is, ¢.g., a wireless terminal using a base station as its point
of network attachment in a cellular system.

[0035] In some embodiments, e.g., an embodiment in which the wide area
network is an existing system, the signal being monitored for is a control channel signal.
For example, in one exemplary OFDM system, the signal is a dedicated control channel
signal using a single tone. As another example, in some CDMA embodiments, the
signal is a reverse link control channel signal, ¢.g., an uplink pilot signal to the base
station.

[0036] In some other embodiments, ¢.g., an embodiment in which at least some
components of the wide area system include special features used for supporting peer to
peer operations, the signal is a new broadcast signal intended to support peer to peer
communications in the downlink band, e.g., a single tone user beacon signal. In some
embodiments, the wide area network wireless terminal transmits the new broadcast
signal in accordance with a recurring schedule, e.g. periodically when attached to the

base station. In some embodiments, the wide area network wireless terminal transmits
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the new broadcast signal when needed, but does not transmit the signal at other times.
For example, the wide area network wireless terminal only transmits the new broadcast
signal when the downlink signal quality, e.g., SNR, of received downlink signals is
below a certain threshold. Thus, in this case, the wide area network wireless terminal
transmits this new broadcast signal with the intention of directing a peer to peer wireless
terminal in the local vicinity to reduce its transmission power level.

[0037] Step 404 is performed on an ongoing basis. Operation proceeds from
step 404 to step 406 in response to a detected signal. In step 406 the peer to peer
wireless terminal measures the detected signal, e.g., obtaining a received power level.
Operation proceeds from step 406 to step 408.

[0038] In step 406, the peer to peer wireless terminal determines a peer to peer
transmit power level as a function of the measurement of the detected signal. Then, in
step 410, the peer to peer communications device transmits a peer to peer signal using
said determined peer to peer transmit power level and using a downlink band.

[0039] Figure 5 is a flowchart 500 of an exemplary method of operating a
wireless terminal using a base station as its point of network attachment in accordance
with various embodiments. Operation starts in step 502, where the wireless terminal is
powered on and initialized and proceeds to step 504. In step 504, the wireless terminal
generates a broadcast signal intended to be detected and used by peer to peer wireless
terminals. The generated broadcast signal is, ¢.g., a single tone OFDM user beacon
signal. Other types of broadcast signals can be, and sometimes are, used to
communicate peer to peer wireless terminal power control. For example, the signal, in
some embodiments, is a multi-tone OFDM signal, e.g., a two or three tone broadcast
signal, transmitted at the same power level on each of the tones of the signal. In some
embodiments, the signal is an identifiable CDMA reference signal whose received
power level can be measured. In some embodiments, the peer to peer power control
information is communicated via signal strength. In some embodiments, the peer to
peer power control information is communicated via encoded information
communicated in the signal. In some embodiments, the peer to peer power control
information is communicated via a combination of signal strength and encoded
information communicated in the signal. The signal is intended to be used by a peer to

peer communications device to control its transmission power level of peer to peer
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signals into a downlink band. Operation proceeds from step 504 to step 506.

[0040] In step 506, the wireless terminal transmits the generated signal in
accordance with a predetermined recurring schedule. Operation proceeds from step 506
to step 504.

[0041] Figure 6 is a flowchart 600 of an exemplary method of operating a
wireless terminal using a base station as its point of network attachment in accordance
with various embodiments. Figure 6 is an alternative implementation to Figure 5, which
has the advantage of less overhead signaling over the airlink on average, but involves a
higher level of complexity in the implementation. Operation starts in step 602, where
the wireless terminal is powered on and initialized and proceeds to step 604. In step
604, the wireless terminal determines if the downlink signal quality, e.g., received SNR,
is below a certain threshold. If the downlink signal quality is not below the threshold
then operation returns to the input of step 604; however, if the downlink signal quality is
below the threshold then operation proceeds form step 604 to step 606. In step 606, the
wireless terminal generates a broadcast signal intended to be detected and used by peer
to peer wireless terminals. The generated broadcast signal is, e.g., a single tone OFDM
user beacon signal. The signal is intended to be used by a peer to peer communications
device to control its transmission power level of peer to peer signals into a downlink
band. Operation proceeds from step 606 to step 608.

[0042] In step 608, the wireless terminal transmits the generated signal.
Operation proceeds from step 608 to step 604.

[0043] Figure 7 is a drawing of an exemplary communications system 700 in
accordance with various embodiments used to illustrate and describe various features.
Exemplary communications system 700 includes a base station 702, a plurality of
wireless terminals functioning in a cellular mode of operation and using base station
702 as their point of network attachment (WT 1 704, WT 2 706). System 700 also
includes a plurality of wireless terminals functioning in a peer to peer mode of operation
(wireless terminal A 708, WT B 710). In this exemplary system the downlink
bandwidth used for the cellular communications is also utilized by the peer to peer
wireless terminals for peer to peer communications.

[0044] BS 702 transmits downlink signals which are received by the cellular

wireless terminals. Exemplary downlink signal 712 from BS 702 is received by cellular
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WT 1 704 and exemplary downlink signal 714 from BS 702 is received by cellular WT
2 706. Downlink signals 712 and 714 may be, and sometimes are, the same signal, e.g.,
a broadcast pilot channel signal. The cellular wireless terminals (704, 706) transmit
signals (718, 722), respectively, which can be, and sometimes are, used by peer to peer
wireless terminals to control their transmission power levels.

[0045] Exemplary signal 718 from cellular wireless terminal 1 704 is
transmitted at a lower power level than the transmission power level of signal 722
transmitted by cellular wireless terminal 2 706 as indicated by the smaller size of dotted
line circle 720 in comparison to the size of dotted line circle 724. The cellular wireless
terminals (704, 706) vary the power of output signals (718, 722), respectively, as a
function of the received power from the base station. For example, consider that
cellular wireless terminal 1 704 is close to the base station 702 and receives a downlink
pilot signal 712 from base station 702 at a high power level and has a high SNR, cellular
WT 1 704 transmits a relatively low power signal 718. Also consider that cellular
wireless terminal 2 706 is further away from the base station 702 and receives a
downlink pilot signal 714 from base station 702 at a lower power level and has a lower
SNR, cellular WT 2 706 transmits a relatively high power signal 722.

[0046] Peer to peer wireless terminal A 708 receives a cellular wireless terminal
transmitted signal, e.g., signal 722, and determines its transmission power as a function
of the received signal. For example, the transmission power of peer to peer wireless
terminal A is inversely proportional to the received power of signal 722 from cellular
WT 2 722 as measured by peer to peer WT A 708. For a peer to peer wireless terminal
being influenced by the signal from a cellular wireless terminal, in various
embodiments, the following relationship applies: TXPWRpee;_peer 18 inversely
proportional to RXPWRcErr wr signar . Thus a peer to peer wireless terminal is
allowed to transmit at a higher power level if it receives a lower power level signal from
the cellular wireless terminal.

[0047] The signal to noise ratio at the cellular wireless terminal will be referred
to as SNRobite. The signal to noise ratio at the cellular wireless terminal, in some
embodiments, equals the power level of the signal received from the base station
divided by the combined interference from the wide area network and the interference

from peer to peer wireless terminals. SNRnobite = Ptrom B8/ (I from WAN + 1 from PP).
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[0048] To achieve a desired SNR at the cellular wireless terminal, e.g., mobile,
we manage the allowed interference from the peer to peer wireless communications
devices and consider what is the allowed level of interference from peer to peer wireless
terminals. In this controlled relationship, if the transmission power of the cellular
wireless communications device signal, e.g., signal 722, decreases, the interference
from the peer to peer communications device can be expected to increase. In addition
as the received power of the base station signal measured at the cellular wireless
terminal increases the amount of acceptable interference from the peer to peer wireless
terminal can be allowed to increase while still meeting the same target SNR at the
cellular wireless communications device, ¢.g., mobile.

[0049] If the target SNR at the cellular communications device, SNRmobite,
increases, the amount of allowed peer to peer interference is controlled to decrease. For
example, the target SNR for cellular WT 2 706 increases, and WT 2 706 increases the
strength of signal 722 (which would increase the size of circle 724) so that peer to peer
WT A 708 will detect a higher received signal strength and in response lower its peer to
peer transmission 716 power level, thereby reducing the level of peer to peer
interference experienced by cellular wireless terminal 2 706.

[0050] Figure 8 is a drawing 800 including exemplary communications devices
and exemplary signaling and illustrating exemplary features in accordance with various
embodiments. Drawing 800 includes elements of an exemplary wireless
communications system including a base station 802, a wireless terminal operating in a
cellular mode of operation 804 and a wireless terminal operating in a peer to peer mode
of operation 806. A downlink signal 808, transmitted by the base station 802, is
received by the cellular wireless terminal 804, which measures the received power of
the signal as P, as indicated by box 810. The cellular wireless terminal 804 sets the
transmission power to Py, as indicated by box 812, and transmits power reference
broadcast signal 814, e.g., a user beacon signal. The transmitted broadcast signal 814
from the cellular wireless terminal 804 is conveyed via a communications channel with
channel gain G 816 to peer to peer wireless terminal 806. The peer to peer wireless
terminal 806 receives the power reference signal 814 and measures the received power
level, which is PG, as indicated by box 818. The peer to peer wireless terminal 806

sets its peer to peer transmission power level to 1/(P,G) as indicated by box 820, and
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transmits peer to peer signal 822. The peer to peer signal 822, which is an interference
signal from the perspective of cellular wireless terminal 804, is conveyed by the
communications channel having gain G 816 and is received by cellular wireless
terminal 804. The received peer to peer interference power corresponding to signal 822
is 1/P; as indicated by block 824.

[0051] In block 826, it is noted that the received SNR = Py/(1/P;) = (P1)(P2), in
the absence of other interferences, ¢.g., in the absence of interference from other base
stations. In block 828, we introduce the concept of the cellular wireless terminal having
a target SNR, where o = SNRt In the cellular wireless terminal 804. In block 830,
we note that by selecting the transmission power of the transmission power reference
signal 814 in accordance with P; = o/ Py, the desired SNR will match the target SNR.
Note that P1 is a function of the target SNR (o) and receive power from the base station
(P2).

[0052] Note that in a system where the interference contribution from the wide
area network, e.g., cellular network, is not insignificant in comparison to the peer to
peer interference with respect to the received SNR at the cellular wireless terminal, the
received signal to noise ratio at the cellular wireless terminal is equal to the received
power from the base station signal divided by the combination of the interference from
the peer to peer signaling and the interference from the wide area network, e.g., from
other base stations’ downlink signaling. SNRceitar wr = Prom B/ (Ifrom PP+ I from wan). In
the case, where Iompr >> I from wan, the equation becomes: SNR ceitutar wt = Prom B8/ Ifrom
pp. Using the notation of Figure 8, SNR = P,/(1/P,)=P,P,. If we desire target SNR « to
equal the received SNR, then we chooses P, = /P,

[0053] Figure 9 is a drawing 900 including exemplary communications devices
and exemplary signaling and illustrating exemplary features in accordance with various
embodiments. Drawing 900 includes cellular wireless terminal 902, e.g., a mobile node
and peer to peer wireless terminal 904. Cellular wireless terminal 902 is, e.g., cellular
WT 804 of Figure 8, and peer to peer wireless terminal 904 is, e.g., peer to peer wireless
terminal 806 of Figure 8.

[0054] Cellular wireless terminal 902 measures a received downlink signal from
its current serving base station to have a received power level P; as indicated by block

906. The cellular wireless terminal 902 also has a target receive SNR, a, as indicated by
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block 908. Cellular wireless terminal 902 implements a policy of generating a power
reference signal having a transmit power P;, where Py = a./ Py, as indicated by block
910. The power reference signal 914 is transmitted by cellular wireless terminal 902 at
transmit power level Py, as indicated by block 912, subjected to a communications
channel with gain G 916 and is received by the peer to peer wireless terminal 904,
which measures the received power as P;G as indicated by block 918. The peer to peer
wireless terminal 904 has a policy implementation that sets its peer to peer transmission
power to the reciprocal of the received power level, Peer to Peer TX PWR = 1/P,G as
indicated by block 920. Peer to peer wireless terminal 904 transmits a peer to peer
signal to another peer to peer node at the transmission power level 1/P,G; however, this
signal is considered to be an interference signal from the perspective of the cellular
wireless terminal 902. Signal 922 transmitted at power level 1/P;G is communicated
via the communications channel with gain G 916 and is received by the cellular wireless
terminal 902 at a power level 1/P; as peer to peer interference as indicated by block 924.
The cellular wireless terminal 902 determines a received SNR wherein the signal of
interest is from the base station, such that SNR = P,/(1/P;) as indicated by box 926. The
end result as indicated by box 928 is that the received SNR = the target SNR, a,
indicating that the target SNR is met.

[0055] Figure 10 is a drawing 1000 including exemplary communications
devices and exemplary signaling and illustrating exemplary features in accordance with
various embodiments. Figure 10 is a variation of the implementation of Figure 9,
wherein the peer to peer policy implementation has been changed. Drawing 1000
includes cellular wireless terminal 1002, ¢.g., a mobile node, and peer to peer wireless
terminal 1004.

[0056] Cellular wireless terminal 1002 measures a received downlink signal
from its current serving base station to have a received power level P, as indicated by
block 1006. The cellular wireless terminal 1002 also has a target receive SNR, a, as
indicated by block 1008. Cellular wireless terminal 1002 implements a policy of
generating a power reference signal having a transmit power P, where Py = a./ P,, as
indicated by block 1010. The power reference signal 1014 is transmitted by cellular
wireless terminal 1002 at transmit power level Py, as indicated by block 1012, subjected

to a communications channel with gain G 1016 and is received by the peer to peer
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wireless terminal 1004, which measures the received power as P1G as indicated by
block 1018.

[0057] The peer to peer wireless terminal 1004 has a policy implementation that
sets its peer to peer transmission power to a constant C multiplied by the reciprocal of
the received power level, Peer to Peer TX PWR = C/P,G, where C is a constant value,
as indicated by block 1020. In various embodiments, C is a function of service level,
e.g., a type of traffic to be communicated and/or a type of user. Different types of
traffic include, e.g., voice, delay sensitive data, and relatively delay insensitive data.
Different types of users include, ¢.g., emergency service users, police personnel, fire
department personnel, governmental users, administrative users, commercial users
subscribing to a first level, and commercial users subscribing to a second level, said
second level being different from said first level in at least one of throughput and delay
sensitivity considerations.

[0058] Peer to peer wireless terminal 1004 transmits a peer to peer signal to
another peer to peer node at the transmission power level C/P1G; however, this signal is
considered to be an interference signal from the perspective of the cellular wireless
terminal 1002. Signal 1022 transmitted at power level C/P1G is communicated via the
communications channel with gain G 1016 and is received by the cellular wireless
terminal 1002 at a power level C/P; as peer to peer interference as indicated by block
1024. The cellular wireless terminal 1002 determines a received SNR wherein the
signal of interest is from the base station, such that SNR = P,/(C/P;) as indicated by box
1026. The end results as indicated by box 1028 are: (i) the received SNR > the target
SNR a for C< 1; (ii) the received SNR = the target SNR o for C= 1; and (iii) the
received SNR < the target SNR o for C > 1. In the case with C < 1, the peer to peer
transmission levels have been set to reduced levels which should provide additional
margin for the cellular wireless terminal. In the case with C > 1, the peer to peer
transmission levels have been set to increased levels which can override the cellular
wireless communications. An example of such a case is where emergency services is
using the peer to peer communications and sets C to a value > 1 to increase the
likelihood that its peer to peer signaling will be successful, to the detriment of the
cellular communications which may be occurring concurrently using the same downlink

frequency band, thus cellular wireless terminal 1002 may not be able to successfully
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recover some or all of the downlink data under such conditions.

[0059] In various embodiments, the transmission power level of the power
reference signal from the cellular wireless terminal P, is such that Py = function (P», a),
where P, is the received signal power of a signal from the base station and o is a
received target SNR for the cellular wireless terminal. In various embodiments, the
function is such that as P, increases Py decreases. In various embodiments, the function
is such that as P, decreases P; increases. In various embodiments, the function is such
that as o increases, P; increases. In some embodiments the target SNR, o = function
(P2/Itrom other cells ), Where P is the received signal power of a signal from the base station
and Ifom other cells T€presents interference power from other base stations.

[0060] In some embodiments, the cellular wireless terminal selectively transmits
a power reference signal to be used by the peer to peer wireless terminals, e.g., it only
sends out the signal when its SNR reaches a certain level. This can have the effect of a
peer to peer wireless terminal in the vicinity, receiving the power reference signal and
throttling back its transmission power level resulting in a decreased level of peer to peer
interference experienced by the cellular wireless communications device which sent out
the power reference signal. Thus SNR of the cellular communications device is
improved as a result of decreased interference from a peer to peer wireless terminal.

[0061] Figure 11 is a flowchart 1100 of an exemplary method of operating a
first communications device to use a downlink frequency band for peer to peer
communications, the downlink frequency band being used by a base station for
communication with a second communications device. The first communications
device is, e.g., a wireless communications device which supports peer to peer
communications and may or may not support wide area network, ¢.g. cellular network,
communications. The first communications device is operating in a peer to peer mode
of operation. The second communications device is, e.g., a wireless communications
device which supports wide area network, e.g., cellular network, communications and
may or may not support peer to peer communications. The second communications
device is operating in a wide area network, e.g., cellular network, mode of operations.

[0062] Operation starts in step 1102, where the first communications device is
powered on and initialized, and proceeds to step 1104. In step 1104, the first

communications device receives a signal transmitted by the second communications
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device. In some embodiments the signal received from the second communications
device is a signal directed to a base station. In some such embodiments, the signal
transmitted to the base station is a control signal transmitted in a recurring time slot. In
various embodiments, the signal transmitted by the second communications device is a
CDMA pilot signal, e.g., a reverse link pilot signal. In some embodiments, the signal
transmitted to the base station is a single tone OFDM signal, ¢.g., a single tone hopped
OFDM signal. In some OFDM embodiments, the signal transmitted to the base station
is a dedicated control channel signal.

[0063] In various embodiments, the signal received from the second
communications device is a broadcast power reference signal. In some embodiments,
the broadcast power reference signal is used by both the base station and
communications devices operating in a peer to peer mode of operation. In some
embodiments, the broadcast power reference signal is intended to be used by
communications devices operating in a peer to peer mode of operation, but is not
intended to be used by the base station. In some embodiments, the signal received from
the second communications device is a signal which has been transmitted in a recurring
time slot while the second communications device is communicating with the base
station. In some embodiments, the signal received from the second communications
device is a signal which is transmitted by said second communications device in
response to a condition, e.g., the signal is transmitted when received SNR at the second
communications device falls below an acceptable level. In some embodiments, the
transmitted signal is being transmitted to try to reduce peer to peer transmission
interference levels being experienced by the second communications device.

[0064] Operation proceeds from step 1104 to step 1106. In step 1106, the first
communications device determines a peer to peer signal transmission power level, e.g.,
a maximum permitted transmission power level, from the received signal. Step 1106
includes sub-steps 1108 and 1110. In sub-step 1108, the first communications device
measures the power of the received signal 1108 and in sub-step 1110, the first
communications device calculates said peer to peer signal transmission power level,
e.g., said maximum permitted peer to peer signal transmission power level, as a function
of said measured signal power level.

[0065] In some embodiments, the function used to calculate the maximum
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transmission power level depends on a service level corresponding to the first
communications device. In some such embodiments, when the first communications
device corresponds to an emergency service level said function produces a higher
transmission power level than when the first communications device corresponds to a
non-emergency service level.

[0066] In some embodiments, the function used to calculate the maximum
transmission power level produces a lower maximum transmission power for a higher
measured signal power level than for a lower measured signal power level. In some
embodiments, the function calculates a first maximum transmission power level when
the measured signal power is a first value and a second maximum transmission power
level which is higher than the first maximum transmission power level when the
measured signal power is a second value which is lower than the first value.

[0067] In various embodiments, the calculated maximum transmission power
level is inversely proportional to the measured signal power level, e.g., for at least a
range of measured signal power levels with other inputs/control conditions used in the
function being constant.

[0068] Operation proceeds from step 1106 to step 1112, In step 1112, the first
communications device determines a planned peer to peer transmission power level
based on a signal received from a peer communications device. For example, in some
embodiments, the first communications device determines a value it would like to use
for peer to peer transmission if it did not have to take into account interference control
considerations of the WAN. Operation proceeds from step 1112 to step 1114. In step
1114, the first communications device determines whether or not the planned peer to
peer transmission power level is less than the determined peer to peer transmission
power level. If the planned peer to peer transmission power level is less than the
determined peer to peer transmission power level, e.g., the maximum permitted peer to
peer transmission power level, then operation proceeds from step 1114 to step 1116;
otherwise, operation proceeds from step 1114 to step 1118.

[0069] In step 1116, the first communications device sets the actual transmission
power level to the planned transmission power level. Operation proceeds from step
1116 to step 1122.

[0070] Returning to step 1118, in step 1118, the first communications device
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sets the actual transmission power level to at most the determined peer to peer
transmission power level. Operation proceeds from step 1118 to step 1120. In step
1120, the first communications devices checks to determine if the actual transmission
power level is expected to result in at least a minimally acceptable level of peer to peer
information recovery. If the determination of step 1120 is that the actual transmission
power level is expected to achieve at least minimally satisfactory peer to peer
information recovery, then operation proceeds from step 1120 to step 1122; otherwise,
operation proceeds to step 1124, where the first communications device is operated to
refrain from at least some peer to peer signals. In some embodiments, the first
communications device refrains from transmitting any peer to peer signal for a period of
time, thus removing any peer to peer interference generated from the first
communications device during that period of time. In some embodiments, the first
communications device refrains from transmitting certain types of peer to peer signals
for a period of time while continuing to transmit other types of signals. For example,
the first communications device may be controlled to refrain from transmitting traffic
signals but may be allowed to transmit user beacon signals.

[0071] Returning to step 1122, in step 1122 the first communications device
transmits a peer to peer signal to said peer communications device at said actual
transmission power level, from step 1116 or step 1118, which is less than or equal to
said determined peer to peer transmission power level of step 1106.

[0072] Figure 12 is a flowchart 1200 of an exemplary method of operating a
first communications device to use a downlink frequency band for peer to peer
communications, the downlink frequency band being used by a base station for
communication with a second communications device. The first communications
device is, e.g., a wireless communications device which supports peer to peer
communications and may or may not support wide area network, ¢.g. cellular network,
communications. The first communications device is operating in a peer to peer mode
of operation. The second communications device is, e.g., a wireless communications
device which supports wide area network, e.g., cellular network, communications and
may or may not support peer to peer communications. The second communications
device is operating in a wide area network, e.g., cellular network, mode of operation.

[0073] Operation starts in step 1202, where the first communications device is
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powered on and initialized, and proceeds to step 1204. In step 1204, the first
communications device receives a signal transmitted by the second communications
device. In some embodiments the signal received from the second communications
device is a signal directed to a base station. In some such embodiments, the signal
transmitted to the base station is a control signal transmitted in a recurring time slot. In
various embodiments, the signal transmitted by the second communications device is a
CDMA pilot signal, e.g., a reverse link pilot signal. In some embodiments, the signal
transmitted to the base station is a single tone OFDM signal, ¢.g., a single tone hopped
OFDM signal. In some OFDM embodiments, the signal transmitted to the base station
is a dedicated control channel signal.

[0074] In various embodiments, the signal received from the second
communications device is a broadcast power reference signal. In some embodiments,
the broadcast power reference signal is used by both the base station and
communications devices operating in a peer to peer mode of operation. In some
embodiments, the broadcast power reference signal is intended to be used by
communications devices operating in a peer to peer mode of operation, but is not
intended to be used by the base station. In some embodiments, the signal received from
the second communications device is a signal which has been transmitted in a recurring
time slot while the second communications device is communicating with the base
station. In some embodiments, the signal received from the second communications
device is a signal which is transmitted by said second communications device in
response to a condition, e.g., the signal is transmitted when received SNR at the second
communications device falls below an acceptable level. In some embodiments, the
transmitted signal is being transmitted to try to reduce peer to peer transmission
interference levels being experienced by the second communications device.

[0075] Operation proceeds from step 1204 to step 1206. In step 1206, the first
communications device determines a peer to peer signal transmission power level, e.g.,
a maximum permitted transmission power level, from the received signal. Step 1206
includes sub-steps 1208, 1210 and 1212. In sub-step 1208, the first communications
device measures the power of the received signal from step 1204, and in sub-step 1210
the first communications device determines a service level to be currently associated

with said first communications device. In some embodiments, the service level is a
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function of at least one of a type of traffic to be communicated and a type of user.
Different types of traffic include, e.g., voice, delay sensitive data, and relatively delay
insensitive data. Different types of users include, e.g., emergency service users such as
police, fire and government agency affiliated users, network provider users, first level
commercial users and second level commercial users. In some such embodiments, first
and second commercial level users correspond to different purchased service plans with
the different purchased service plans differing in at least one of data throughput
specifications and latency specifications. Operation proceeds from sub-steps 1208 and
1210 to sub-step 1212. In sub-step 1212, the first communications device calculates
said peer to peer signal transmission power level, e.g., said maximum permitted peer to
peer signal transmission power level, as a function of said measured signal power level
and said determined service level. In some such embodiments, when the first
communications device corresponds to an emergency service level said calculation
produces a higher transmission power level than when the first communications device
corresponds to a non-emergency service level.

[0076] In some embodiments, the function used to calculate the maximum
transmission power level produces a lower maximum transmission power for a higher
measured signal power level than for a lower measured signal power level. In some
embodiments, the function calculates a first maximum transmission power level when
the measured signal power is a first value and a second maximum transmission power
level which is higher than the first maximum transmission power level when the
measured signal power is a second value which is lower than the first value.

[0077] In various embodiments, the calculated maximum transmission power
level is over a range inversely proportional to the measured signal power level for at
least one service level.

[0078] In some embodiments, at least one service level, e.g., a service level
corresponding to an emergency service level, can result in peer to peer transmission
power levels which can result in peer to peer interference from the first communications
device experienced by the second communications device which exceeds a desired level
of acceptable interference communicated by the second communications device
corresponding to the signal transmitted by the second communications device. Thus in

some embodiments, an emergency service level gives preference to the peer to peer
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communications device at the expense of a wide area network communications device.

[0079] In some embodiments, service levels which do not correspond to
emergency service levels are calculated to result in a determined maximum permitted
peer to peer transmission power level which should result in a level of peer to peer
interference from the first wireless communications device experienced at the second
communications device which is considered acceptable from the perspective of the
second communications device. Thus, in some embodiments, for non-emergency peer
to peer communications, preference is given to the wide area network communications
devices at the expense of peer to peer communications.

[0080] Operation proceeds from step 1206 to step 1214. In step 1214, the first
communications device calculates an actual peer to peer transmission power level as a
function of said determined peer to peer transmission power level, ¢.g., a determined
maximum peer to peer transmission power level, said actual peer to peer transmission
power level being a power level less than or equal to said determined maximum
permitted power level. In various embodiments, step 1214 includes sub-step 1216 and
1218. In sub-step 1216, the first communications device receives a signal from a peer to
peer communications device, and then in sub-step 1218 the first communications device
uses information derived from said received signal from said peer to peer
communications device in calculating said actual peer to peer transmission power level.
Information derived from said received signal from the peer to peer communications
device includes power information, channel condition information, data rate
information, position information and/or distance information. Operation proceeds
from step 1214 to step 1220.

[0081] In step 1220, the first communications device transmits a peer to peer
signal to said peer communications device at said actual peer to peer transmission power
level.

[0082] In some embodiments, calculating a maximum transmitted peer to peer
power level may, and sometimes does, include determining that the maximum
transmitted peer to peer transmitted power is to be zero, in which case steps 1214 and
1220 are not performed. In some embodiments, calculating an actual transmitted peer to
peer power level may, and sometimes does, include determining that the actual power

level is to be zero, in which case step 1220 is not performed.
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[0083] Figure 13 is a flowchart 1300 of an exemplary method of operating a
mobile communications device, e.g., a mobile node supporting cellular
communications, in accordance with various embodiments. Operation starts in step
1302, where the mobile communications device is powered on and initialized.
Operation proceeds from start step 1302 to steps 1304 and step 1306.

[0084] In step 1304, the mobile communications device receives a signal from a
base station, and then in step 1308, the mobile communications device measures the
power of the received signal from the base station obtaining base station received power
information 1309. Operation proceeds from step 1308 to step 1310. In step 1310, the
mobile communications device performs a peer to peer interference signal measurement
to measure the amount of interference due to peer to peer communications, the
interference affecting recovery of downlink signals from the base station. Peer to peer
interference information 1311 is an output of step 1310.

[0085] Returning to step 1306, in step 1306, which is performed on an ongoing
basis, the mobile communications device determines a mobile node target signal to
noise ratio to be used for determining a peer to peer power reference signal. Target
SNR 1307 is an output of step 1306.

[0086] Returning to step 1310, operation proceeds from step 1310 to step 1312.
In step 1312, the mobile communications device determines a peer to peer reference
signal to be broadcast as a function of the measured power of the received signal 1309.
The determination of the peer to peer reference signal, in this embodiment, is also a
function of the peer to peer interference 1311 and the target SNR 1307. Operation
proceeds from step 1312 to step 1314. In step 1314, the mobile communications device
broadcasts the peer to peer power reference signal, said peer to peer power reference
signal being based on the received signal from the base station. Operation proceeds
from step 1314 to step 1304, where the mobile communications device receives another
signal from the base station.

[0087] Figure 14 is a flowchart 1400 of an exemplary method of operating a
mobile communications device, e.g., a mobile node supporting cellular
communications, in accordance with various embodiments. Operation starts in step
1402, where the mobile communications device is powered on and initialized.

Operation proceeds from start step 1402 to steps 1404 and step 1406.
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[0088] In step 1404, the mobile communications device receives a signal from a
base station, and then in step 1408, the mobile communications device measures the
power of the received signal from the base station obtaining base station received power
information 1409. Operation proceeds from step 1408 to step 1410. In step 1410, the
mobile communications device performs a peer to peer interference signal measurement
to measure the amount of interference due to peer to peer communications, the
interference affecting recovery of downlink signals from the base station. Peer to peer
interference information 1411 is an output of step 1410.

[0089] Returning to step 1406, in step 1406, which is performed on an ongoing
basis, the mobile communications device determines a mobile node target signal to
noise ratio to be used for determining a peer to peer power reference signal. Target
SNR 1407 is an output of step 1406.

[0090] Returning to step 1410, operation proceeds from step 1410 to step 1412.
In step 1412, the mobile communications device determines a peer to peer reference
signal to be broadcast as a function of the measured power of the received signal 1409.
The determination of the peer to peer reference signal, in this embodiment, is also a
function of the peer to peer interference 1411 and the target SNR 1407. Operation
proceeds from step 1412 to step 1404, where the mobile communications device
measures another signal from the base station.

[0091] Operation also proceeds from step 1412 to step 1414 for a determined
peer to peer reference signal. In step 1414, the mobile communications device
determines if the measured peer to peer downlink interference exceeds a first threshold
and/or the ratio of the measured peer to peer downlink interference to the measured
received power of the signal from the base station exceeds a second threshold. 1% and
2" thresholds 1415, peer to peer interference 1411 and base station signal received
power 1409 are inputs to step 1414. If in step 1414 at least one of the tested thresholds
are exceeded, then operation proceeds from step 1414 to step 1416, where the mobile
communications device broadcasts the peer to peer power reference signal, said peer to
peer power reference signal being based on the received signal from the base station. If
in step 1414, it is determined that both of the test conditions do not result in thresholds
being exceeded, then the peer to peer power reference signal is not broadcast at this

time.
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[0092] In some embodiments, step 1414 precedes step 1412, with the
determination of the peer to peer to peer reference signal and the broadcast of the
determined peer to peer reference signal only being performed if one of the tests of step
1414 exceeds a limit.

[0093] Figure 15 is a flowchart 1500 of an exemplary method of operating a
mobile communications device, e.g., a mobile node supporting cellular
communications, in accordance with various embodiments. Operation starts in step
1502, where the mobile communications device is powered on and initialized.
Operation proceeds from start step 1502 to steps 1504, 1506 and 1508.

[0094] In step 1506, which is performed on an ongoing basis, the mobile
communications device determines a mobile node target signal to noise ratio to be used
for determining a peer to peer power reference signal. Target SNR 1507 is an output of
step 1506. In step 1508, which is performed on an ongoing basis, the mobile
communications device determines downlink signal quality from the perspective of the
mobile communications device. Downlink signal quality 1509 is an output of step
1508.

[0095] Returning to step 1504, in step 1504, the mobile communications device
receives a signal from a base station, and then in step 1510, the mobile communications
device measures the power of the received signal from the base station obtaining base
station received power information 1511. Operation proceeds from step 1510 to step
1512. In step 1512, the mobile communications device performs a peer to peer
interference signal measurement to measure the amount of interference due to peer to
peer communications, the interference affecting recovery of downlink signals from the
base station. Peer to peer interference information 1513 is an output of step 1512.

[0096] Returning to step 1512, operation proceeds from step 1512 to step 1514.
In step 1514, the mobile communications device determines a peer to peer reference
signal 1515 to be broadcast as a function of the measured powered of the received signal
1511. The determination of the peer to peer reference signal, in this embodiment, is
also a function of the peer to peer interference 1513 and the target SNR 1507.
Operation proceeds from step 1514 to step 1504, where the mobile communications
device measures another signal from the base station.

[0097] Operation also proceeds from step 1514 to step 1516 for a determined
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peer to peer reference signal. In step 1516, the mobile communications device
determines if the downlink signal quality has dropped below a threshold. Threshold
information 1517 and downlink signal quality 1509 are inputs to step 1516. If in step
1516, the mobile communications device determines that downlink signal quality has
dropped below the acceptable threshold, then operation proceeds from step 1516 to step
1518, where the mobile communications device broadcasts the peer to peer power
reference signal 1515, said peer to peer power reference signal 1515 being based on the
received signal from the base station. If in step 1516, it is determined that downlink
signal quality meets or exceeds the threshold, then the peer to peer power reference
signal is not broadcast at this time. Thus, the peer to peer power reference signal is
selectively broadcast, as needed, to attempt to throttle back transmission power levels of
peer to peer devices in the vicinity and thus reduce peer to peer interference being
experienced by the receiver of the mobile communications device. When downlink
signal quality is considered acceptable from the perspective of the mobile
communications device, the mobile communications device does not feel a need to
influence ongoing peer to peer operations, and thus does not broadcast a peer to peer
power reference signal, thereby eliminating unnecessary overhead signaling and
wastage of valuable air link resources.

[0098] In some embodiments, step 1506 is moved up in the flowchart, e.g.,
before one or more of steps 1512 and 1514. For example, in some embodiments, the
mobile communications device does not determine or broadcast a peer to peer power
reference signal unless downlink signal quality drops below an acceptable threshold.

[0099] Figure 16 is a drawing of an exemplary communications device 1600,
e.g., a wireless terminal such as a mobile node, supporting peer to peer communications.
Exemplary wireless communications device 1600 may be a wireless communications
device supporting peer to peer communications but not supporting wide area network,
e.g., cellular communications. Alternatively, exemplary wireless communication device
1600 may be a wireless communications device supporting both peer to peer
communications and wide area network, e.g., cellular communications.
Communications device 1600 supports use of a downlink frequency band for peer to
peer communications, the downlink frequency band being used by a base station to

communicate with a second communications device. In various embodiments,
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communications device 1600 operates in a TDD mode for peer to peer communications
utilizing a base station downlink frequency band, with at least some of the peer to peer
signals transmitted by communications device 1600 creating interference from the
perspective of a WAN wireless terminal, e.g., a cellular wireless terminal, attempting to
recover downlink signals from the base station.

[00100] Exemplary communications device 1600 includes a receiver module
1602, a transmitter module 1604, a processor 1606, user /0O devices 1608, and a
memory 1610 coupled together via a bus 1612 over which the various elements may
interchange data and information. Memory 1610 includes routines 1618 and
data/information 1620. The processor 1606, ¢.g., a CPU, executes the routines 1618
and uses the data/information 1620 in memory 1610 to control the operation of the
communications device 1600 and implement methods.

[00101] Receiver module 1602, e.g., an OFDM receiver, is coupled to receive
antenna 1614 via which the communications device receives signals. Received signals
include signals from other peer to peer communications devices, e.g., wireless terminals
functioning in a peer to peer mode of operation and signals from WAN communications
devices, ¢.g., wireless terminals functioning in a cellular mode of operation.

[00102] Transmitter module 1604, ¢.g., an OFDM transmitter, is coupled to
transmit antenna 1616, via which the communications device 1600 transmits signals.
Transmitted signals include signals to peer to peer communications devices.
Transmitter module 1604 transmits a peer to peer signal to a peer to peer
communications device at an actual power level which is less than or equal to a
determined peer to peer maximum permitted transmission power level. In various
embodiments, the same antenna or antennas are used for transmitter and receiver.

[00103] User I/O devices 1608 include, ¢.g., microphone, keyboard, keypad,
mouse, camera, speaker, display, etc. User I/O devices 1608 enable an operator of
communications device 1600 to input data/information, access output data/information,
and control at least some functions of the communications device 1600, e.g., initiate a
peer to peer communications session.

[00104] Routines 1618 include a communications routine 1622 and wireless
terminal control routines 1624. The communications routine 1622 implements various

communications protocols used by the communications device 1600. The wireless
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terminal control routines 1624 include a peer to peer signal transmission power level
determination module 1626, a received signal power measurement module 1630, a
service level identification module 1632, a peer to peer transmission power control loop
module 1634, and a peer to peer transmission power control module 1636.

[00105] Data/information 1620 includes a received signal from a second
communications device 1638, a corresponding measured power level of the received
signal 1640, a determined maximum permitted transmission power level 1642, an
identified current service level 1644, a determined planned peer to peer transmission
power level 1646, a received signal from peer to peer communications device 1652, a
determined actual peer to peer transmission power level 1648 and recurring timing
structure information 1650.

[00106] Peer to peer signal transmission power level determination module 1626
determines a peer to peer signal transmission power level, e.g., a maximum permitted
peer to peer transmission power level, from a received signal transmitted by a second
communications device, €.g., received signal from second communications device 1638.
The second communications device is, e.g., a wireless terminal operating in a cellular
mode of operation and receiving downlink signals from a base station in the same
communications band being used by communications device 1600 for peer to peer
signaling. Determined peer to peer maximum permitted transmission power level 1642
is an output of determination module 1626. Peer to peer signal transmission power level
determination module 1626 includes a calculation sub-module 1628. Calculation sub-
module 1628 calculates a maximum transmission power level as a function of a
measured signal power level, e.g., measured power level of received signal 1640.

[00107] Received signal power measurement module 1630 measures the power
of a received signal to obtain a measured signal power level. For example, received
signal power measurement module 1630 measures the received power of the received
signal from the second communications device 1638 obtaining measured power level of
received signal 1640 which is used as an input to calculation sub-module 1628. It
should be observed that even though communications device 1600 is operating in a peer
to peer communications mode, it is receiving and measuring signals from WAN, e.g.,
cellular communications devices, which are influencing peer to peer transmission power

levels.
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[00108] In some embodiments, the signal received from the second
communications device is a signal directed to a base station. The signal directed to the
base station is, ¢.g., a control signal transmitted in a recurring time slot. In some
embodiments, the signal directed to the base station is a CDMA pilot signal, e.g., a
reverse link pilot signal. In some embodiments, the signal directed to the base station is
a single tone hopped OFDM signal, ¢.g., a dedicated control channel signal.

[00109] In some embodiments, the signal received from the second
communications device is a broadcast power reference signal. In some such
embodiments, the broadcast power reference signal is intentionally generated and
transmitted for the purpose of controlling interference from peer to peer wireless
terminals which may be in the vicinity of the second communications device and may
generate peer to peer transmissions which interfere with reception and recovery of
downlink signals from a base station by the second communications device.

[00110] Service level identification module 1632 identifies a current service level
corresponding to the communications device 1600. Identified current service level 1644
represents an output of service level identification module 1632. In various
embodiments, the function used to calculate the maximum transmission power level
depends on the service level corresponding to the first communications device 1600.

[00111] In some embodiments, when the identified service level corresponds to
an emergency service level the function used for determining the maximum
transmission power level produces a higher maximum transmission power level than
when the service level corresponds to a non-emergency service, for at least one set of
input variables used by said function, e.g., for the same measured power level of the
received signal.

[00112] Peer to peer transmission power control loop module 1634 determines a
planned peer to peer transmission power level based on a signal received from a peer
communications device, e.g. received signal from peer to peer communications device
1652. The peer to peer communications device, which transmitted the received signal,
is, €.g., a communications device with which communications device 1600 has or would
like to have an ongoing peer to peer communications session. Determined planned peer
to peer transmission power level 1646 is an output of module 1634. In some

embodiments, the determined planned peer to peer transmission power level 1646 is the
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peer to peer transmission power level that communications device 1600 would like to
use, and would use, is if was not being influenced by interference considerations with
respect to WAN wireless terminals attempting to recover downlink signals from a base
station.

[00113] Peer to peer transmission power control module 1636 sets the actual peer
to peer transmission power level 1648 to the planned transmission power level when the
planned peer to peer transmission power level is less than the determined maximum
permitted peer to peer transmission power level. In some embodiments, the peer to peer
transmission power control module 1636 sets the actual peer to peer transmission power
level 1648 to the maximum permitted peer to peer transmission power level when the
planned peer to peer transmission power level is greater than or equal to the determined
maximum permitted peer to peer transmission power level. In some such embodiments,
the setting is conditional upon the communications device 1600 estimating that the peer
to peer communications device to which the peer to peer signal is to be directed has an
acceptable estimated probability of successfully decoding and recovering the signal if
transmitted at the maximum permitted peer to peer transmission power level. In some
such embodiments, if the estimated probability of a successful decode and recovery is
unacceptable, then the communications device 1600 refrains from transmitting the peer
to peer signal.

[00114] In various embodiments, the function used for determining a peer to peer
transmission power level, e.g., a maximum permitted peer to peer transmission power
level, produces a lower maximum transmission power level for a higher measured signal
power level than for a lower measured signal power level. For example, the output vs
input characteristic curve for the function has a negative slope value for at least a
portion of the input range. In some such embodiments, the curve flattens, e.g.,
saturates, at one¢ or both ends.

[00115] In various embodiments, the function used for determining a peer to peer
transmission power level, e.g., a maximum permitted peer to peer transmission power
level, calculates a first maximum transmission power level when said measured power
is a first value and a second maximum transmission power level which is higher than
said first maximum transmission power level when said measured signal is a second

value which is lower than said first value.
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[00116] In some embodiments, the function used for determining a peer to peer
transmission power level, e.g., a maximum permitted peer to peer transmission power
level, is inversely proportional to the measured signal power level for a range of
measured signal power levels.

[00117] Figure 17 is a drawing of an exemplary mobile communications device
1700 in accordance with various embodiments. Exemplary mobile communications
device 1700 is, e.g., an exemplary mobile wireless communications node such as a
mobile node supporting wide area network (WAN), e.g., cellular communications.
Exemplary communications device 1700 receives downlink signals in a downlink
communications band from a base station acting as a point of network attachment for
the communications device 1700. The downlink communications band is also utilized,
at least partially, for peer to peer communications, and the peer to peer communications
can, and sometimes do, interfere with the reception of the downlink signals by the
mobile communications device 1700. The mobile communications device 1700
generates and transmits a peer to peer power reference signal, which it broadcasts. The
broadcast peer to peer power reference signal is intended to be used by peer to peer
communications devices in the vicinity in determining their transmission power level.
Thus mobile communications device 1700 provides control over the power level of peer
to peer signaling, and thus control over the amount of interference sourced from peer to
peer devices, said interference interfering with reception and recovery of downlink
signals from a base station by mobile communications device 1700.

[00118] Mobile communications device 1700 includes a wireless receiver module
1702, a wireless transmitter module 1704, a processor 1706, user 1/0O devices 1708, and
memory 1710 coupled together via a bus 1712 over which the various elements may
interchange data and information. Memory 1710 includes routines 1718 and
data/information 1720. The processor 1706, e.g., a CPU, executes the routines 1718
and uses the data/information 1720 in memory 1710 to control the operation of the
communications device 1700 and implement methods.

[00119] Receiver module 1702, e.g., an OFDM receiver, is coupled to receive
antenna 1714 via which the communications device 1700 receives downlink signals
from a base station acting as a point of network attachment. Peer to peer signals, being

communicated in the same downlink band, which are received by receiver module 1702
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represent a source of interference. Undesired downlink signals from other base stations,
¢.g., base stations in adjacent cells, communicated on the same downlink band, can be
and sometimes are received by receiver module 1702, and also represent interference.

[00120] Transmitter module 1704, e¢.g., an OFDM transmitter, is coupled to
transmit antenna 1716, via which the communications device 1700 transmits uplink
signals directed to a base station attachment point and peer to peer power reference
signals intended for peer to peer wireless terminals in the local vicinity. The peer to
peer power reference signal which is broadcast by transmitter module 1704 is based on
a received signal from the base station.

[00121] User I/O devices 1708 include, e.g., microphone, keyboard, keypad,
mouse, camera, switches, speaker, display, etc. User I/O devices 1708 allow a user of
mobile communications device 1700 to input data/information, access output
data/information, and control at least some functions of the communications device
1700, e.g., initiate a cellular based communications session.

[00122] Routines 1718 include a communications routine 1722 and wireless
terminal control routines 1724. The communications routine 1722 implements the
various communications protocols used by the mobile communications device 1700.
The wireless terminal control routines 1724 include a power measurement module 1726,
a reference signal determination module 1728, a mobile node target SNR determination
module 1730, an interference determination module 1732 and a transmission control
module 1734. In various embodiments, routines 1724 include one or more of: peer to
peer interference signal measurement module 1736, interference level evaluation
module 1738 and downlink quality module 1740.

[00123] Data/information 1720 includes a received base station downlink signal
1742, received base station signal power level information 1744, a determined peer to
peer power reference signal 1746, a mobile target SNR for downlink signals 1748, a
measured interference power level 1750, a ratio of mobile target SNR to interference
power level 1752, and recurring schedule information 1762. In various embodiments,
data/information 1720 includes one or more of: an amount of downlink interference due
to peer to peer communications 1754, an interference level threshold 1756, an
interference based threshold 1758, interference level evaluation result 1760, downlink

quality information 1766 and downlink quality threshold information 1768.
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[00124] Power measurement module 1726 measures the power of a received
signal from a base station. For example, power measurement module 1726 measures
the power of received base station downlink signal 1742 and obtains received base
station signal power level information 1744. In one exemplary embodiment, the
received base station signal is a pilot channel signal.

[00125] Reference signal determination module 1728 determines a peer to peer
power reference signal to be broadcast as a function of the measured power. For
example, determined peer to peer power reference signal 1746 is an output of reference
signal determination module 1728 which uses received base station signal power level
information 1744 as an input.

[00126] In various embodiments, the reference signal determination module 1728
generates a reference signal which has a lower transmission power when the measured
received power is higher than at a time when a measured received power is lower. In
some embodiments, the reference signal determination module 1728 generates a
reference signal with a lower power level in response to a higher received power. For
example, the measured power level of a received base station signal has increased from
the last time such a base station signal was measured, and in response the reference
signal determination module 1728 generates a new reference signal which has a lower
power level than the previously transmitted reference signal.

[00127] In some embodiments, the reference signal determination module 1728
generates a reference signal which indicates a higher permitted peer to peer transmission
power level when the measured power of the signal from the base station is larger than
at another time when the measured power of the signal from the base station is lower.

[00128] In various embodiments, the transmission power level of the broadcast
peer to peer reference signal is used to communicate a maximum peer to peer
transmission power. In some embodiments, a higher transmission power of the
reference signal indicates a lower permitted peer to peer transmission power level.

[00129] In some embodiments, the function of the measured power, used for
determining the peer to peer power reference signal, depends on a mobile node target
signal to noise ratio for downlink signals communicated from the base station to the
mobile communications device 1700. In some such embodiments, the reference signal

determination module 1728 generates a reference signal which has a higher transmission
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power when the target signal to noise ratio is higher than at least one time when the
target signal to noise ratio is lower. For example, in order to attempt to achieve a higher
receive SNR for downlink signals the mobile device 1700 increases the peer to peer
transmission power reference signal in an attempt to reduce peer to peer transmission
power levels in its vicinity, thereby reducing interference sourced from such peer to
peer devices.

[00130] Mobile node target signal to noise ratio determination module 1730
determines a mobile target signal to noise ratio from a ratio of the measured signal
power of the signal received from a base station and a measured interference power
level. Mobile target SNR for downlink signals 1748 is an output of module 1730, while
received base station power level information 1744 and measured interference power
level information 1750 are inputs to module 1730.

[00131] Interference determination module 1732 determines measured
interference power level 1750. In some embodiments, ¢.g., some embodiments, where a
neighboring base station uses the same downlink frequency band, the measured
interference power level is primarily due to interference from other base stations. In
various embodiments, the measured interference is a combination of other base station
sourced downlink signals and peer to peer signaling, and the relative contributions
change over time, as a function of the position of the mobile communications device
1700 with respect to the other base stations and with respect to peer to peer
communications devices, as well as the levels of other base station downlink signaling
and peer to peer signaling being conducted in the downlink band being used by the
mobile communications device 1700. In some embodiments, ¢.g., some embodiments,
where neighboring base stations use different non-overlapping downlink frequency
bands, the measured interference power is primarily due to peer to peer communications
being conducted in the same downlink band that is being used by mobile
communications device 1700 to receive and recover downlink signals.

[00132] Transmission control module 1734 controls the transmitter module 1704
to transmit the generated determined peer to peer power reference signal 1746, e.g., in
accordance with recurring transmission opportunity positions in a recurring timing
schedule. Recurring schedule information 1762 includes information identifying peer to

peer power reference signal broadcast intervals 1764.
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[00133] In some embodiments, the transmission control module 1734 controls the
transmitter module 1704 to broadcast a peer to peer power reference signal on a
recurring basis according to a predetermined pattern in accordance with recurring
schedule information. For example, in one exemplary embodiment, when mobile
communications device 1700 is powered on and in an active state of WAN operation,
using a base station as a point of network attachment, the mobile communications
device 1700 transmits a peer to peer power reference signal at each opportunity
identified by information 1764. In other embodiments, the broadcast of the peer to peer
power reference signal is conditional.

[00134] Peer to peer interference signal measurement module 1736 performs a
peer to peer interference signal measurement to measure the amount of downlink
interference due to peer to peer communications. Amount of downlink interference due
to peer to peer communications 1754 is an output of module 1736. In various
embodiments, peer to peer interference measurement module 1736 distinguishes peer to
peer sourced interference from other sources of interferences, ¢.g., other base stations,
which may be present in the overall background interference being experienced by
mobile communications device 1700 regarding downlink signal reception. In some
embodiments, the peer to peer signal interference measurement module 1736
intentionally changes the peer to peer power reference signal by a controlled input
amount in order to observe and measure the change in interference observed. Assuming
that the non-peer to peer sources of interference remain constant, then the change in
detected interference can be associated with peer to peer signaling sources. In some
embodiments, e.g., some embodiments where base stations are synchronized, there may
be instances where the downlink signaling is intentionally suspended on some or all
tones of the downlink band, and during such time the interference contribution from
peer to peer signaling may be measured. In some embodiments, ¢.g., some
embodiments where peer to peer signaling follows a recurring timing structure, there
may be instances where peer to peer signaling is intentionally suspended on some or all
tones of the downlink band, and during such time the interference contribution from
other sources, ¢.g., other base stations, may be measured.

[00135] Interference level evaluation module 1738 performs at least one of: 1)

determining if the measured peer to peer downlink interference exceeds a first
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threshold; and ii) determining if the ratio of the measured peer to peer downlink
interference to the measured received power of the signal from the base station exceeds
a second threshold. The first threshold is, e.g., stored interference level threshold 1756,
while the second threshold is, e.g., stored interference based threshold 1758. Inputs to
interference level evaluation module 1736 include amount of downlink interference due
to peer to peer communications 1754 and received base station signal power level
information 1744, while interference level evaluation test result 1760 is an output of
evaluation module 1738.

[00136] In various embodiments including the interference level evaluation
module 1738, the transmission control module 1734 controls the transmitter to
broadcast a peer to peer power reference signal in response to said interference level
evaluation module 1738 determining that a tested level has been exceeded. In some
such embodiments, the mobile communications device 1700 does not bother the peer to
peer communications device, with respect to sending a peer to peer power reference
signal, except when it desires for the peer to peer wireless terminals to back off
transmission power and/or cease transmission, €.g., in response to a threshold level
being exceeded.

[00137] Downlink quality module 1740 monitors downlink signal quality, e.g.,
determining and maintaining a downlink channel estimate. Downlink signal quality
information 1766 is an output of downlink quality module 1740. In some embodiments,
the transmission control module 1734 controls the transmitter module 1704 to broadcast
a peer to peer reference signal in response to the downlink quality module 1740
detecting that downlink signal quality has dropped below a threshold, e.g., stored
downlink quality threshold 1768.

[00138] While described primarily in the context of an OFDM system, the
methods and apparatus of various embodiments are applicable to a wide range of
communications systems including many non-OFDM and/or non-cellular systems.
Some exemplary systems include a mixture of technologies utilized in the peer to peer
signaling, e.g., some OFDM type signals and some CDMA type signals. Some
embodiments use different signaling technologies in the cellular communications than
in the peer to peer communications sharing the same frequency band.

[00139] In various embodiments nodes described herein are implemented using
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one or more modules to perform the steps corresponding to one or more methods, for
example, receiving a peer to peer transmission power level reference signal, determining
a maximum permitted peer to peer transmission power level, determining an actual peer
to peer transmission power level, transmitting a peer to peer signal, measuring a level of
interference from peer to peer signaling, determining a peer to peer reference signal,
transmitting a peer to peer reference signal, etc. In some embodiments various features
are implemented using modules. Such modules may be implemented using software,
hardware or a combination of software and hardware. Many of the above described
methods or method steps can be implemented using machine executable instructions,
such as software, included in a machine readable medium such as a memory device,
e.g., RAM, floppy disk, etc. to control a machine, e.g., general purpose computer with
or without additional hardware, to implement all or portions of the above described
methods, e.g., in one or more nodes. Accordingly, among other things, various
embodiments are directed to a machine-readable medium including machine executable
instructions for causing a machine, e.g., processor and associated hardware, to perform
one or more of the steps of the above-described method(s).

[00140] Numerous additional variations on the methods and apparatus described
above will be apparent to those skilled in the art in view of the above descriptions. Such
variations are to be considered within scope. The methods and apparatus of various
embodiments may be, and in various embodiments are, used with CDMA, orthogonal
frequency division multiplexing (OFDM), and/or various other types of
communications techniques which may be used to provide wireless communications
links between access nodes and mobile nodes. In some embodiments the access nodes
are implemented as base stations which establish communications links with mobile
nodes using OFDM and/or CDMA. In various embodiments the mobile nodes are
implemented as notebook computers, personal data assistants (PDAs), or other portable
devices including receiver/transmitter circuits and logic and/or routines, for

implementing the methods of various embodiments.
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WHAT IS CLAIMED:

1. A method of operating a first communications device to use a downlink
frequency band for peer to peer communications, the downlink frequency band being
used by a base station to communicate with a second communications device, the
method comprising:
receiving a signal transmitted by the second communications device; and
determining a peer to peer signal transmission power level from the received

signal.

2. The method of claim 1, wherein said determined peer to peer signal transmission

power level is a maximum permitted transmission power level.

3. The method of claim 2, wherein determining a peer to peer signal transmission
power level from the received signal includes:

measuring the power of said received signal; and

calculating said maximum transmission power level as a function of said

measured signal power level.

4. The method of claim 3 wherein said function used to calculate said maximum
transmission power level depends on a service level corresponding to said first

communications device.

5. The method of claim 4, wherein when said first communications device
corresponds to an emergency service level said function produces a higher maximum
transmission power level than when said first communications device corresponds to a

non-emergency service level.
6. The method of claim 3 wherein said function produces a lower maximum
transmission power level for a higher measured signal power level than for a lower

measured signal power level.

7. The method of claim 3, wherein said function calculates a first maximum
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transmission power level when said measured signal power is a first value and a second
maximum transmission power level which is higher than said first maximum
transmission power level when said measured signal power is a second value which is

lower than said first value.

8. The method of claim 3, wherein the calculated maximum transmission power

level is inversely proportional to said measured signal power level.

9. The method of claim 2, further comprising;:
transmitting a peer to peer signal to a peer communications device at an actual
power level which is less than or equal to said determined peer to peer transmission

power level.

10. The method of claim 9, further comprising:

prior to transmitting said peer to peer signal, determining a planned peer to peer
transmission power level based on a signal received from said peer communications
device; and

setting said actual transmission power level to said planned peer to peer
transmission power level when it is less than said determined peer to peer transmission

power level.

11. The method of claim 2, wherein said signal received from the second

communications device is a signal directed to said base station.

12. The method of claim 11, wherein said signal directed to said base station is a

control signal transmitted in a recurring time slot.

13. The method of claim 11 wherein said signal directed to said base station is a
CDMA pilot signal.
14. The method of claim 11 wherein said signal directed to said base station is a

single tone hopped OFDM signal.
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15. The method of claim 1, wherein said signal received from the second

communications device is a broadcast power reference signal.

16.  An apparatus comprising:

a processor for use in a first communications device that is configured to
use a downlink frequency band for peer to peer communications, the downlink
frequency band being used by a base station to communicate with a second
communications device, the processor configured to:

receive a signal transmitted by the second communications device; and

determine a peer to peer signal transmission power level from the

received signal.

17. The apparatus of claim 16, wherein said determined peer to peer signal

transmission power level is a maximum permitted transmission power level.

18.  The apparatus of claim 17, wherein said processor is further configured to:
transmit a peer to peer signal to a peer communications device at an
actual power level which is less than or equal to said determined peer to peer

transmission power level.

19.  The apparatus of claim 17, wherein said signal received from the second

communications device is a signal directed to said base station.

20.  The apparatus of claim 16, wherein said signal received from the second

communications device is a broadcast power reference signal.

21. A computer readable medium embodying machine executable instructions for
controlling a first communications device to use a downlink frequency band for peer to
peer communications, the downlink frequency band being used by a base station to
communicate with a second communications device, the method comprising;:

receiving a signal transmitted by the second communications device; and

determining a peer to peer signal transmission power level from the received
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signal.

22. The computer readable medium of claim 21, wherein said determined peer to

peer signal transmission power level is a maximum permitted transmission power level.

23. The computer readable medium of claim 22, further embodying machine
executable instructions for:

transmitting a peer to peer signal to a peer communications device at an actual
power level which is less than or equal to said determined peer to peer transmission

power level.

24. The computer readable medium of claim 22, wherein said signal received from

the second communications device is a signal directed to said base station.

25. The computer readable medium of claim 21, wherein said signal received from

the second communications device is a broadcast power reference signal.

26. A first communications device which supports use of a downlink frequency
band for peer to peer communications, the downlink frequency band being used by a
base station to communicate with a second communications device, the first
communications device comprising:

a wireless receiver module for receiving a signal transmitted by the second
communications device; and

a peer to peer signal transmission power level determination module for

determining a peer to peer signal transmission power level from the received signal.

27. The first communications device of claim 26, wherein said peer to peer signal
transmission power level determination module determines a maximum permitted

transmission power level.

28. The first communications device of claim 27, further comprising;:

a received signal power measurement module for measuring the power of the
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received signal to obtain a measured signal power level, and
wherein said peer to peer signal transmission power level measurement module
includes a calculation sub-module for calculating said maximum transmission power

level as a function of said measured signal power level.

29. The first communications device of claim 28, further comprising:

a service level identification module for identifying a current service level
corresponding to the first communications device, and

wherein said function used to calculate said maximum transmission power level

depends on the service level corresponding to said first communications device.

30. The first communications device of claim 29, wherein when said identified
service level corresponds to an emergency service level said function produces a higher
maximum transmission power level than when said service level corresponds to a non-
emergency service level for at least one set of other input variables used by said

function.

31. The first communications device of claim 28 wherein said function produces a
lower maximum transmission power level for a higher measured signal power level than

for a lower measured signal power level.

32. The first communications device of claim 28, wherein said function calculates a
first maximum transmission power level when said measured signal power is a first
value and a second maximum transmission power level which is higher than said first
maximum transmission power level when said measured signal power is a second value

which is lower than said first value.
33. The first communications device of claim 28, wherein the calculated maximum
transmission power level is inversely proportional to said measured signal power level

for a range of measured signal power levels.

34. The first communications device of claim 27, further comprising:
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a wireless transmitter module for transmitting a peer to peer signal to a peer
communications device at an actual power level which is less than or equal to said

determined maximum permitted peer to peer transmission power level.

35.  The first communications device of claim 34, further comprising:

a peer to peer transmission power control loop module for determining a planned
peer to peer transmission power level based on a signal received from said peer
communications device; and

a peer to peer transmission power control module for setting said actual
transmission power level to said planned peer to peer transmission power level when
said planned peer to peer transmission power level is less than said determined

maximum permitted peer to peer transmission power level.

36. The first communications device of claim 27, wherein said signal received from

the second communications device is a signal directed to said base station.

37.  The first communications device of claim 36, wherein said signal directed to

said base station is a control signal transmitted in a recurring time slot.

38.  The first communications device of claim 36, wherein said signal directed to

said base station is a CDMA pilot signal.

39.  The first communications device of claim 36, wherein said signal directed to

said base station is a single tone hopped OFDM signal.

40. The first communications device of claim 26, wherein said signal received from

the second communications device is a broadcast power reference signal.

41. A first communications device which supports use of a downlink frequency
band for peer to peer communications, the downlink frequency band being used by a
base station to communicate with a second communications device, the first

communications device comprising:
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wireless receiver means for receiving a signal transmitted by the second
communications device; and
means for determining a peer to peer signal transmission power level from the

received signal.

42. The first communications device of claim 41, wherein said means for

determining determines a maximum permitted transmission power level.

43. The first communications device of claim 42, further comprising;:

means for measuring the power of the received signal to obtain a measured
signal power level, and

wherein said means for determining includes calculation means for calculating
said maximum transmission power level as a function of said measured signal power

level.

44. The first communications device of claim 42, further comprising;:
means for transmitting a peer to peer signal to a peer communications device at
an actual power level which is less than or equal to said determined maximum permitted

peer to peer transmission power level.

45. The first communications device of claim 41, wherein said signal received from

the second communications device is a broadcast power reference signal.

46. A method of operating a mobile communications device, the method
comprising:
receiving a signal from a base station; and

broadcasting a peer to peer power reference signal based on the received signal.

47. The method of claim 46, further comprising, prior to performing said
broadcasting:
measuring the power of the received signal; and

determining the reference signal to be broadcast as a function of the measured
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power.

48.  The method of claim 47, wherein said function of the measured power depends
on a mobile target signal to noise ratio for downlink signals communicated from the

base station to the mobile communications device.

49. The method of claim 48, wherein determining the reference signal includes
generating a reference signal which has a higher transmission power when the target
signal to noise ratio is higher than at least one time when the target signal to noise ratio

is lower.

50.  The method of claim 48, further comprising:
determining the mobile node target signal to noise ratio to be used for
determining said reference signal from a ratio of the measured signal power of the

signal received from the base station and a measured interference power level.

51. The method of claim 50, wherein the measured interference power level is

primarily due to interference from other base stations.

52. The method of claim 50, wherein the measured interference power level is

primarily due to interference from peer to peer communications.

53. The method of claim 48, wherein determining the reference signal includes
generating a reference signal which has a lower transmission power when the measured

received signal power is higher than at a time when a measured received power is lower.

54. The method of claim 48, wherein determining the reference signal includes

generating a reference signal with a lower power the higher the received power.

55. The method of claim 48 wherein determining the reference signal includes
generating a reference signal which indicates a higher maximum permitted peer to peer

transmission power level when the measured power of the signal from the base station is
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larger than at another time when the measured power of a signal from the base station is

lower.

56. The method of claim 55, wherein the transmission power level of the broadcast
peer to peer power reference signal is used to communicate the maximum peer to peer

transmission power level.

57. The method of claim 56, wherein a higher transmission power indicates a lower

permitted peer to peer transmission power level.

58.  The method of claim 47, wherein said step of broadcasting a peer to peer power

reference signal is performed on a recurring basis according to a predetermined pattern.

59.  The method of claim 47, further comprising:
performing a peer to peer interference signal measurement to measure the

amount of downlink interference due to peer to peer communications.

60. The method of claim 59, wherein said broadcasting is performed in response to
at least one of:

1) determining that the measured peer to peer downlink interference exceeds a
first threshold; and

i1) determining that the ratio of the measured peer to peer downlink interference

to the measured received power of the signal from the base station exceeds a second

threshold.

61. The method of claim 47, further comprising:
monitoring downlink signal quality; and
wherein said broadcasting is performed in response to detecting that downlink

signal quality has dropped below a threshold.

62.  An apparatus comprising:

a processor for use in a mobile communications device, the processor
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configured to:
receive a signal from a base station; and
broadcast a peer to peer power reference signal based on the received

signal.

63. The apparatus of claim 62, wherein said processor is further configured to, prior
to performing said broadcasting:

measure the power of the received signal; and

determine the reference signal to be broadcast as a function of the measured

power.

64. The apparatus of claim 63, wherein said function of the measured power
depends on a mobile target signal to noise ratio for downlink signals communicated

from the base station to the mobile communications device.

65.  The apparatus of claim 63, wherein said processor is further configured to:
perform a peer to peer interference signal measurement to measure the amount

of downlink interference due to peer to peer communications.

66. The apparatus of claim 63, wherein said processor is further configured to:
monitor downlink signal quality; and
wherein said broadcasting is performed in response to detecting that downlink

signal quality has dropped below a threshold.

67. A computer readable medium embodying machine executable instructions for
operating a mobile communications device, the method comprising:
receiving a signal from a base station; and

broadcasting a peer to peer power reference signal based on the received signal.

68.  The computer readable medium of claim 67, further embodying machine
executable instructions for, prior to performing said broadcasting:

measuring the power of the received signal; and
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determining the reference signal to be broadcast as a function of the measured

power.

69. The computer readable medium of claim 68, wherein said function of the
measured power depends on a mobile target signal to noise ratio for downlink signals

communicated from the base station to the mobile communications device.

70.  The computer readable medium of claim 68, further embodying machine
executable instructions for:
performing a peer to peer interference signal measurement to measure the

amount of downlink interference due to peer to peer communications.

71.  The computer readable medium of claim 68, further embodying machine
executable instructions for:

monitoring downlink signal quality; and

wherein said broadcasting is performed in response to detecting that downlink

signal quality has dropped below a threshold.

72. A mobile communications device comprising;:
a wireless receiver module for receiving a signal from a base station; and
a wireless transmitter module for broadcasting a peer to peer power reference

signal based on the received signal.

73.  The mobile communications device of claim 72, further comprising:

a power measurement module for measuring the power of the received signal;
and

a reference signal determination module for determining the peer to peer power

reference signal to be broadcast as a function of the measured power.

74. The mobile communications device of claim 72, wherein said function of the
measured power depends on a mobile target signal to noise ratio for downlink signals

communicated from the base station to the mobile communications device.
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75.  The mobile communications device of claim 74, wherein said reference signal
determination module generates a reference signal which has a higher transmission
power when the target signal to noise ratio is higher than at least one time when the

target signal to noise ratio is lower.

76.  The mobile communications device of claim 74, further comprising:

a mobile node target signal to noise ratio determination module for determining
said mobile target signal to noise ratio from information including a ratio of the
measured signal power of the signal received from the base station and a measured

interference power level.

77. The mobile communications device of claim 76, further comprising;:
an interference determination module for determining said measured
interference power level, and wherein the measured interference power level is

primarily due to interference from other base stations.

78. The mobile communications device of claim 76, further comprising;:
an interference determination module for determining said measured
interference power level, and wherein the measured interference power level is

primarily due to interference from peer to peer communications.

79. The mobile communications device of claim 76, further comprising;:

an interference determination module for determining said measured
interference power level, and wherein the measured interference power level is due to
interference from both other base stations and from peer to peer communications, and

wherein the relative contributions from the two sources change over time.

80.  The mobile communications device of claim 74, wherein said reference signal
determination module generates a reference signal which has a lower transmission
power when the measured received signal power is higher than at a time when a

measured received power is lower.
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81.  The mobile communications device of claim 74, wherein said reference signal
generation module generates a reference signal with a lower power level in response to

a higher received power.

82.  The mobile communications device of claim 74, wherein said reference signal
determination module generates a reference signal which indicates a higher maximum
permitted peer to peer transmission power level when the measured power of the signal
from the base station is larger than at another time when the measured power of a signal

from the base station is lower.

83.  The mobile communications device of claim 82, wherein the transmission power
level of the broadcast peer to peer power reference signal is used to communicate the

maximum peer to peer transmission power level.

84.  The mobile communications device of claim 83, wherein a higher transmission

power indicates a lower permitted peer to peer transmission power level.

85. The mobile communications device of claim 73, further comprising;:

a memory including recurring schedule information identifying time intervals
for broadcasting a peer to peer reference signal; and

a transmission control module for controlling said transmitter module to
broadcast a peer to peer power reference signal on a recurring basis according to a

predetermined pattern in accordance with said recurring schedule information.

86.  The mobile communications device of claim 73, further comprising:
a peer to peer interference signal measurement module for performing a peer to
peer interference signal measurement to measure the amount of downlink interference

due to peer to peer communications.

87. The mobile communications device of claim 86, further comprising;:
interference level evaluation module for performing at least one of':

1) determining if the measured peer to peer downlink interference
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exceeds a first threshold; and
i1) determining if the ratio of the measured peer to peer downlink
interference to the measured received power of the signal from the base station exceeds

a second threshold.

88. The mobile communications device of claim 87, further comprising;:
a transmission control module for controlling said transmitter module to
broadcast a peer to peer power reference signal in response to said interference level

evaluation module determining that a tested level has been exceeded.

89.  The mobile communications device of claim 73, further comprising:

a downlink quality module for monitoring downlink signal quality; and

a transmission control module for controlling said transmitter module to
broadcast a peer to peer power reference signal in response to said downlink quality

module detecting that downlink signal quality has dropped below a threshold.

90. A mobile communications device comprising;:
wireless receiver means for receiving a signal from a base station; and
means for broadcasting a peer to peer power reference signal based on the

received signal.

91. The mobile communications device of claim 90, further comprising;:
means for measuring the power of the received signal; and
means for determining the peer to peer power reference signal to be broadcast as

a function of the measured power.

92. The mobile communications device of claim 91, wherein said function of the
measured power depends on a mobile target signal to noise ratio for downlink signals

communicated from the base station to the mobile communications device.

93.  The mobile communications device of claim 91, further comprising:

means for performing a peer to peer interference signal measurement to measure
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the amount of downlink interference due to peer to peer communications.

94.  The mobile communications device of claim 91, further comprising:

means for monitoring downlink signal quality; and

means for controlling said means for broadcasting, to broadcast a peer to peer
power reference signal in response to said means for monitoring detecting that downlink

signal quality has dropped below a threshold.
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