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(57) ABSTRACT 

A forward rescue procedure (FRP) for preventing loss of 
signal and dropped connections between a mobile station 
and the infrastructure in a wireless telecommunications 
network is disclosed. The FRP allows wireless systems to 
recover from forward link failures at the mobile station that 
would otherwise result in dropped connections. Examples of 
failure scenarios that can be overcome using the FRP include 
forward link Layer 2 acknowledgement failures and loss of 
forward link signal due to a fade that causes loss of signal 
for a period of time exceeding a threshold value. In response 
to a potential connection drop situation, a mobile station will 
autonomously add base station pilot channels to the active 
set of its rake receiver in order to rescue the connection in 
danger of dropping. Concurrently, the wireless network 
infrastructure will initiate transmission on alternative for 
ward link channels that are likely to be monitored by the 
mobile station during an FRP. If the same channels are 
monitored by the MS and transmitted on by the infrastruc 
ture, the connection in danger of dropping can be rescued. 

BS 

46 
  

  



Patent Application Publication Jan. 18, 2007 Sheet 1 of 12 US 2007/0015512 A1 

10 
Client MS 

14 
Sector A 

1 

N / 

12 
First BS N Position "A" 

Position "C" 

Second BS 
18 

26 / 

-me 
Forward Link 

Pilot Channel(s) 
Sync Channel 
Paging Channel(s) 
Traffic Channels 

-H 
Reverse Link 

Access Channel FIG. 2 
Traffic Channel(s) 

  

  

  



Patent Application Publication Jan. 18, 2007 Sheet 2 of 12 US 2007/0015512 A1 

30 
N In-Traffic System Parameter Message 

(Configuration, Timer Values,...) 
BS 32 MS 

MC-RR Parameters Message 
(Configuration, Timer Values,...) 

34 
N Extended Neighbor List Update 

(Which Neighbors Support FRP, Codes, Overrides,...) 

FIG. 3 

48 MS BS 

PSMM 46 
N 

7 ACK 
PSMM 

7 ACK 

PSMM 

7 ACK 
Release 

Release ? 

Drop Call 

1th 

FIG. 5 

  



Patent Application Publication Jan. 18, 2007 Sheet 3 of 12 US 2007/0015512 A1 

CO 

O 
w 

O 9. 
s 

o 

C 
9 
s 
co 
D 
5 
O 
s 

E 
SA YN/ AV s 
747W 

LaaZVW 

O 

O 
d 
Az\7VA 

LaaZNA) 

S 

o 

s 2 
CD 
CD O 
O 
S. 

547W 
NVVV 

S. 

S. 

- 

O 
5 
- 

s 

O 
O 

9. 
- 
s 

w 

CO 

S. X 

SA A SZM W 

eun)onuSeiyu SSee W 
1. 

d 
d 

  

  

  

  

  

  



Patent Application Publication Jan. 18, 2007 Sheet 4 of 12 US 2007/0015512 A1 

50 

1 
N. Consecutive 
Bad Frames TTimeOut 
-- 
-5 Waiting for N. Consecutive Good Frames 

MST 
5 
X Off MS Call Drop 
2 54 

FIG. 6 

60 

; / 
Slot (Superframe) 

Channel - - 

64 64 66 68 7O 64 

FIG. 7 

  



lawal IV-ans-sw, 

US 2007/0015512 A1 

-5T-5T-EITETETTETETETETETET?TETET?J???L?– 
Patent Application Publication 

  

  

  

  



Patent Application Publication Jan. 18, 2007 Sheet 6 of 12 US 2007/0015512 A1 

88 90 92 1OO 98 

Layer 2 
Failure Timer 
Detected Transmissions Transmitter Expiration 

94 
Maintain Traffic 

96 (Active) State 

Start FRP timer for 
1 O2 FRP TimeOut Period 

Review Latest PSMM 
104 (or Equivalent) 

Generate Assumed 
1O6 Handoff Direction 

Set ASSumed Code 
Channels for New 

108 Sectors 

Attempt to Demodulate No 
New Active Set 

f f O 

Suspend the Re- Trn Off ignore Fade Forward Fade 
Detected 

f 12 
12O 

Received 
Consecutive 
ood Frames 

30 Yes Continue Cal 

Call Terminated 
Optional: Send 
Updated PSMM 

Successful Optional: Receive 
Rescue Handoff Direction 

FIG. 9 

FRP Timer 
Timeout? 

Yes Enable 
Transmitter 

Confirmation 

  

  

  

    

  



Patent Application Publication Jan. 18, 2007 Sheet 7 of 12 US 2007/0015512 A1 

88 90 92 100 98 

E. Suspend the Re- Tuth Off ign de Forward Fade 
OCCurs Transmissions Transmitter Expiration Detected 

94 
Maintain Traffic 

96 (Active) State 

Start FRP limer for 
102 FRP Timeout Period 

Review Latest PSMM 
140 (or Equivalent) 

Generate Assumed Yes 
144 Handoff Direction 

Set Assumed Code 
Channels for New 

132 Sectors 
Change of 

Pilots? 
Monitor Pilot 
Strengths 

No 112 

Attempt to Demodulate 
New Active Set 

f2O 
134 

Received 
Consecutive 

Good Frames2 
Yes Enable 

Transmitter 
FRP Timer 
Timeout? 

122 

30 Yes Continue Call 

Cal Terminated 

Successful 
Rescue 

FIG 11 

Optional: Send 
Updated PSMM 

Optional: Receive 
Handoff Direction 

Confirmation 

  

  

    

  

  

  

  



Patent Application Publication Jan. 18, 2007 Sheet 8 of 12 US 2007/0015512 A1 

Pilot Strength Dynamics During Rescue 

Pilot 

T ADD /N 

TDROP g O 4N-4 N. 
7N 1 P 

Time 

142 Pilot Use in Active Set I 
Pilot ID 
A 

B 
777-7777-77777,777.77 

C 
D ZZZYYYYYZZZZZYZZYZZY 

ZZZZZZZZZZZZZZZZZZZZ 

successful 
Rescue 

Optional Transmission 

AB) le) BD) to 

  

  

  

  

  

    

    

  



Patent Application Publication Jan. 18, 2007 Sheet 9 of 12 US 2007/0015512 A1 

146 15O 148 

Layer 2 Failure as Forward Fade 

(Receive Same Mills,afic (Reverse Frames 
Message. After ACK) Not Received) 

152 

Start FRP Timer 

154 156 

PSMM Yes Select New Sectors 
Received? to Transmit From 

158 

Select Neighbor Sectors 
16O to Transmit From 

Transmit Rescue Channel 
From Selected Sectors 

1 
No Attempt to Receive Uplink 

From Mobile Station 

166 168 

Received 
Enough Good 

Frames? 

FRP Timer 
TimeOut? 

Yes Yes 178 

Call 
172 Terminated 

Handoff 
Message 
ecessary 

174 Yes 

Send Handoff 
Message 

176 

Successful 
Rescue 

No 

FIG. 13 

  

  

  

  



Patent Application Publication Jan. 18, 2007 Sheet 10 of 12 US 2007/0015512 A1 

s s: A 
as 

/ 
k 



Patent Application Publication Jan. 18, 2007 Sheet 11 of 12 US 2007/0015512 A1 

146 150 148 

Layer 2 Failure Maintain the Forward Fade 
(Receive Same Traffic (Active) (Reverse Frames 

Message After Ack) State Not Received) 

152 

Start FRP time 

156 
154 

Select New 
Sectors to 

TranSmit From 

PSMM 
Received? 

No 

Select Neighbor Sectors 
to Transmit From 

Re-select Transmit Rescue 
Sectors to Channel From 

Transmit From Selected Sectors 
17O 

Attempt to Receive Uplink 
From Mobile Station 

168 

158 

164 

166 

Received 
Enough Good 
Frames? 

FRP Time 
TimeOut? 

Yes 178 

Cal Terminated 

Yes 

172 

Handoff 
Message 

Necessary? 

174 NO 

Send Handoff 
Message 

176 

FIG. 15 Successful 
Rescue 

  

  

  

    

  

  



US 2007/0015512 A1 

enosay) 
Jo Á??qeqold anoseº go 

Jan. 18, 2007 Sheet 12 of 12 

  

  



US 2007/0015512 A1 

FORWARD LINK BASED RESCUE CHANNEL 
METHOD AND APPARATUS FOR 
TELECOMMUNICATION SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a division of application Ser. 
No. 09/978,974 filed on Oct. 16, 2001, which claims the 
benefit under 35 USC 119(e) of U.S. provisional patent 
application Ser. No. 60/241,268 filed Oct. 17, 2000, and U.S. 
provisional patent application Ser. No. 60/248,900 filed Nov. 
14, 2000, the contents of the prior applications which are 
incorporated herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates, generally, to com 
munication network management and, in one embodiment, 
to methods and apparatus for preventing loss of signal and 
dropped connections between a mobile station, such as a 
cellular or PCS phone, and a wireless communication infra 
structure (network). 
0004 2. Description of Related Art 

INTRODUCTION 

0005 Rather than just providing a means for emergency 
communications, cellular telephones are rapidly becoming a 
primary form of communication in today’s society. As 
cellular telephone usage becomes widespread, cellular tele 
phone networks are becoming increasingly prevalent and are 
providing coverage over larger areas to meet consumer 
demand. FIG. 1 depicts an example of a mobile station (MS) 
10 operated by a mobile user that roves through a geographic 
area served by a wireless infrastructure or network including 
a first base station (BS) 12 with wireless sectors A 14 and 
sector B 16, and a second BS 18, with a sector C20. In the 
course of such roving, MS 10 travels from position A to 
position B to position C and will, as a matter of course, 
experience variations in signal strength and signal quality of 
the forward link associated with the BS(s) that it is in contact 
with. Signal strength and quality can be especially unde 
pendable near the edges of the sectors, such as when the MS 
10 transitions from the area defined by the dotted line of 
Sector A14 to the area defined by the dotted line of Sector 
B 16, or from Sector B 16 to Sector C 20. It is in these 
transition areas, as well as other areas of weak signal 
strength or quality, where dropped connections are likely to 
occur. A connection as referred to herein includes, but is not 
limited to, Voice, multimedia video or audio streaming, 
packet Switched data and circuit Switched data connections, 
short message sequences or data bursts, and paging. 
0006 Dropped connections can range from being a nui 
sance to devastating for cellular telephone users. For 
example, a dropped emergency 911 connection can be 
critical or even fatal. Dropped connections can create con 
Sumer frustration significant enough to cause the consumer 
to change service providers. Thus, the prevention of dropped 
connections is of major importance to cellular network 
providers. 

Cellular Telephone Networks 
0007 FIG. 2 illustrates an exemplary communication 
link 22 between a MS 24 and a BS 26. Communications 
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from the BS 26 to the MS 24 are called the forward link, and 
communications from the MS 24 to the BS 26 are called the 
reverse link. A BS 26 is typically comprised of multiple 
sectors, usually three. Each sector includes a separate trans 
mitter and antenna (transceiver) pointed in a different direc 
tion. Because the term BS is often used to generally identify 
a transceiver, it should be understood that the terms BS and 
sector are used herein somewhat interchangeably. The for 
ward and reverse links utilize a number of forward and 
reverse channels. For example, the BS 26 broadcasts on a 
plurality of forward channels. These forward channels may 
include, but are not limited to, one or more pilot channels, 
a sync channel, one or more paging channels, and multiple 
forward traffic channels. The pilot, Sync, and paging chan 
nels are referred to as common channels because the BS 26 
communicates those channels to all MSs. Generally, these 
common channels are not used to carry data, but are used to 
broadcast and deliver common information. In contrast, the 
multiple forward traffic channels are referred to as dedicated 
channels, because each forward traffic channel is intended 
for a specific MS 24 and may carry data. 
0008 Each sector within BS 26 broadcasts a pilot chan 
nel that identifies that sector and is simple for a MS 24 to 
decode. Both sectors and pilot channels are distinguished by 
pseudo-noise (PN) offsets. The word “pilot' can be used 
almost interchangeably with the term sector, because a pilot 
channel identifies a sector. 

0009. The pilot channel implicitly provides timing infor 
mation to the MS, and is also used for coherent demodula 
tion, but it otherwise typically does not contain any data. 
When a MS is first powered up, it begins searching for a 
pilot channel. When a MS acquires (is able to demodulate) 
a pilot channel, the timing information implicit in the pilot 
channel allows the MS to quickly and easily demodulate a 
sync channel being transmitted by the network. 
0010 Because the sync channel contains more detailed 
timing information, once the MS acquires the sync channel, 
the MS is then able to acquire a paging channel being 
transmitted by the same BS that is transmitting the pilot 
channel. That BS is known as the active BS. 

0011 When a cellular network is attempting to initiate 
communications with a MS through a particular BS, a 
'page' is transmitted to that MS on the paging channel of 
that BS. Thus, once the MS is able to demodulate the paging 
channel of a particular BS, the MS may then monitor that 
paging channel while the MS is idle and waiting for incom 
ing connections or an incoming message. 
0012. In general, each BS may utilize one pilot channel, 
one sync channel and one paging channel that are common 
for all MSs to receive. However, because there are practical 
limitations the number of MSs that can be simultaneously 
paged using one paging channel. Some BSS may employ 
multiple paging channels. 

0013 The reverse channels may include an access chan 
nel and one or more reverse traffic channels. After a MS 
receives an incoming page from a BS, the MS will initiate 
a connection setup using, in part, an access channel. 
0014. The previously described channels may employ 
different coding schemes. In time division multiple access 
(TDMA), multiple channels may be communicated at a 
particular frequency within a certain time window by send 
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ing them at different times within that window. Thus, for 
example, channel X may use one set of time slots while 
channel Y may use a different set of time slots. In frequency 
division multiple access (FDMA), multiple channels may be 
communicated at a particular time within a certain frequency 
window by sending them at different frequencies within that 
window. In code division multiple access (CDMA), given a 
space of frequency and time, each channel is assigned 
various frequencies at various times, according to a particu 
lar Walsh code or quasi-orthogonal function (QOF). The 
code will define how a particular channel changes over 
frequency and time. In direct sequence CDMA, the data 
from each channel is coded using Walsh codes or QOFs and 
then combined into a composite signal. This composite 
signal is spread over a wide frequency range at a particular 
time. When this composite signal is decoded using the same 
code used to code the original data, the original data may be 
extracted. This recovery of the original data is possible 
because Walsh codes and QOFs create coded data that, when 
combined, don't interfere with each other, so that the data 
can be separated out at a later point in time to recover the 
information on the various channels. In other words, when 
two coded sequences of data are added together to produce 
a third sequence, by correlating that third sequence with the 
original codes, the original sequences can be recovered. 
When demodulating with a particular code, knowledge of 
the other codes is not necessary. However, noise and inter 
ference in the field may require error correction to determine 
what was actually transmitted. 
0015 With further reference to CDMA for purposes of 
illustration only, the Walsh codes or QOFs are used to code 
a particular channel. Thus, as described above, the simple to 
decode pilot channel may be the all one coded Wo Walsh 
code. Similarly, the Sync channel may use the alternating 
polarity W. Walsh code and again, these codes are fixed and 
known. 

0016 Each MS groups the channels into various sets, 
which may include, but is not limited to, an active set, a 
neighbor set, a candidate set, and a remaining set. 
0017. The MS active set contains the pilots or PN offset 
identifiers that a MS is utilizing at any point in time. Thus, 
when a MS is idle, but monitoring a single BS for pages and 
overhead updates, the active set for that MS will contain that 
BS pilot or PN offset identifier as its only member. 
0018. There may be instances, however, when a MS is 
being handed off from one BS or sector to another, and 
during this handoff may actually be in communication with 
multiple BSS or sectors at the same time. When this occurs, 
multiple active pilots will be in the active set at the same 
time. For example, in a “soft handoff,” a MS in communi 
cation with BS “A” will begin to communicate with a BS 
“B” without first dropping BS “A,” and as a result both BS 
“A” and “B” will be in the active set. In a “softer handoff.” 
a MS in communication with sector “A” in BS “A will 
begin to communicate with a sector “B” in BS “A” without 
first dropping sector “A.” and as a result both sector “A” and 
“B” will be in the active set. In a “hard hand-off, however, 
a MS in communication with BS “A” will begin to com 
municate with a BS “B” only after first dropping BS “A,” 
and as a result either BS “A” or “B” will be in the active set 
at any one time, but not both. 
0019. During the time in which the MS is in communi 
cation with multiple BSs, the MS assigns rake receiver 
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fingers to multiple channels from one or more sectors at the 
same time. When a MS is in communication with multiple 
BSs at the same time, the MS should be receiving the same 
data from both of those BSs. However, although the data 
may be the same, it may be communicated differently from 
different BSs because the channels may be different. The 
rake receiver will therefore receive encoded data from 
different sectors on different channels, demodulate those 
sectors independently, and then combine the data. When the 
data is combined, the data from a strong channel may be 
weighted more heavily than data from a weak channel, 
which is likely to have more errors. Thus, the data with a 
higher likelihood of being correct is given higher weight in 
generating the final result. 

0020 When a MS is idle, a neighbor set which includes 
BSs that are neighbors to the active BS is received by the MS 
on a common channel. However, when a MS is active and 
communicating with a BS through a traffic channel, the 
neighbor set is updated on a traffic channel. 

0021 Any other BSs in the network that are not in the 
active, neighbor, or candidate sets (discussed below) com 
prise the remaining set. As illustrated in FIG. 3, whether a 
MS is idle or active, the network repeatedly sends overhead 
messages 30, 32 and 34 to the MS. These overhead messages 
contain information about the configuration of the network. 
For example, the extended neighbor list overhead message 
34 tells the MS what neighbors exist and where to look for 
them. These neighbor identifiers are stored, at least tempo 
rarily, within the memory of the MS. 

0022. The candidate set is a set of BSs that the MS has 
requested as part of its active set, but have not yet been 
promoted to the active set. These candidate BSs have not yet 
been promoted because the network has not sent a hand-off 
direction message (HDM) to the MS in reply to the message 
from the MS, directing that MS change its active set to 
include these BSS. Typically, the exchange of such messages 
occurs as part of the handoff process, described below. 

0023 FIG. 4 depicts a generic structure of a wireless 
infrastructure 56. A client MS 36 continually monitors the 
strength of pilot channels it is receiving from neighboring 
BSs, such as BS 38, and searches for a pilot that is 
sufficiently stronger than a “pilot add threshold value.” The 
neighboring pilot channel information, known in the art as 
a Neighbor Set, may be communicated to the MS through 
network infrastructure entities including BS controllers 
(BSC) 40 that may control a cell cluster 42, or a mobile 
switching center (MSC) 44. It should be understood that the 
MS and one or more of these network infrastructure entities 
contain one or more processors for controlling the function 
ality of the MS and the network. The processors include 
memory and other peripheral devices well understood by 
those skilled in the art. As the MS 36 moves from the region 
covered by one BS 38 to another, the MS 36 promotes 
certain pilots from the Neighbor Set to the Candidate Set, 
and notifies the BS 38 or BSs of the promotion of certain 
pilots from the Neighbor Set to the Candidate Set via a Pilot 
Strength Measurement Message (PSMM). The PSMM also 
contains information on the strength of the received pilot 
signals. The BS 38 determines a BS or network Active Set 
according to the Pilot Strength Measurement Message, and 
may notify the MS 36 of the new Active Set via an HDM. 
It should be noted, however, that the new active set may not 
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always exactly comply with the MS’s request, because the 
network may have BS resource considerations to deal with. 

0024. The MS 36 may maintain communication with 
both the old BS 38 and the new BS so long as the pilots for 
each BS are stronger than a “pilot drop threshold value.” 
When one of the pilots weakens to less than the pilot drop 
threshold value, the MS 36 notifies the BSs of the change. 
The BSS may then determine a new Active Set, and notify 
the MS 36 of that new Active Set. Upon notification by the 
BSs, the MS 36 then demotes the weakened pilot to the 
Neighbor Set. This is one example of a handoff scenario. It 
is typical for a MS 36 to be starting a handoff or in the 
process of handoff when connections fail. This is expected 
because poor coverage or weak signal environments gener 
ally exist near cell boundaries, in areas of pilot pollution, or 
areas significantly affected by cell breathing, all which are 
well known in the art. 

0025. A dropped connection may manifest in a number of 
ways. FIG. 5 shows a situation known in the art as a Layer 
2 Acknowledgment Failure for a CDMA wireless network. 
In the example of FIG. 5, the MS is transmitting a PSMM 
48 requiring an acknowledgment by the BS. The BS may be 
receiving it correctly, but in the case shown in FIG. 5, the 
MS is not receiving the BS’s acknowledgment (ACK) 46. 
The MS will retransmit the message N (=9) times in 
accordance with a retransmission counter and then terminate 
(drop) the connection. It is common for this type of failure 
to occur when the message that the Layer 2 Acknowledg 
ment Failure occurs for is a PSMM 48 which includes a 
request for a pilot that is needed by the MS to maintain the 
connection. 

0026 FIG. 6 shows a second situation for which recovery 
is possible using the current invention in a CDMA wireless 
network. This situation is known in the art as a Forward Link 
Fade Failure. A fade is a period of attenuation of the received 
signal power. In this situation, the MS receives N. (=12) 
consecutive bad frames 50, the response to which is to 
disable its transmitter 52. If it is then unable to receive N. 
(=2) consecutive good frames before a fade timer expires 
after T (=5) seconds, the MS drops the connection 54. It 
is common for this type of failure to occur during the time 
that a MS promotes a pilot to the candidate set and needs to 
send a PSMM, or after a MS has sent a PSMM but before 
receiving a handoff direction message. 

0027 Layer 2 Acknowledgment Failures and Forward 
Link Fade Failures may occur because of excessively high 
frame error rates or bursty error rates. As illustrated in FIG. 
7, a channel 58 may be broken up into slots 60, or super 
frames, typically of 80 millisecond duration. Each slot may 
be divided into three phases 62. These phases are numbered: 
0, 1 and 2. Overlapping on top of the phases are four frames 
64. These four frames are aligned with the three phases at the 
superframe boundaries. Each frame 64 is therefore typically 
20 milliseconds long. Within each frame 64 is a header area 
66, Some signaling information 68 and perhaps some data 
70. It should be understood that the content of the frames 64 
can differ. One frame may contain signaling and data, 
another may contain only signaling, and yet another may 
contain only data. Each frame 64 may also have a different 
data rate, which can be changed on a frame-by-frame basis. 
In some example communication standards, there are four 
rates: full, one-half, one-fourth and one-eighth. Thus, for 
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example, with no voice activity, information may be trans 
mitted at a one-eighth frame rate, which would be beneficial 
because less power or bandwidth is required to communicate 
information at a slower rate. 

0028. In a practical communications network, it is neither 
realistic nor desirable to target an error rate of Zero percent 
(i.e., all frames received properly). Rather, a frame error rate 
of one percent, for example, is targeted. Power control loops 
actually control this frame error rate. In this example, if the 
frame error rate rises above one percent, then the power 
control loop might increase the power of signals transmitted 
by the MS so that the frame error rate decreases to approxi 
mately one percent. On the other hand, if the frame error rate 
is less than one percent, the power control loop may reduce 
transmitted power to save power and allow the frame error 
rate to move up to one percent. The BS may therefore 
continuously instruct the MS, through power control bits in 
a configuration message, to transmit at various power levels 
to maintain an error rate of approximately one percent as the 
MS moves around in a particular area, or other types of 
interferences begin or end. The MS typically abides by the 
power levels that are being recommended to it by the BS. In 
addition, the BS can also change its transmitter power for a 
particular channel. Thus, both the BS and the MS may 
continuously provide each other feedback in order to change 
the other's power levels. However, the BS may not neces 
sarily change its transmitter power levels based on the 
feedback from the MS. 

0029 Despite the aforementioned power control loop, 
error rates may not be controllable to about one percent as 
a MS moves about in a cellular network and experiences 
variations in signal strength and signal quality due to physi 
cal impediments, interference from adjacent channels, and 
positions near the edges of sectors, and as the error rates rise 
to intolerable levels, dropped connections become a prob 
lem. Thus, a mechanism is needed to rescue connections in 
danger of being dropped. 

0030) Rescue procedures based on the reverse link or 
restarting the connection have previously been proposed. In 
a typical reverse based rescue procedure, the MS transmits 
a rescue channel while the communications network utilizes 
one or more sectors in an attempt to demodulate the rescue 
channel. However, proposed rescue procedures based on 
restarting the connection utilize the access channel and 
require a lot of power because the MS is probing, which also 
introduces a lot of interference. In addition, proposed 
reverse-based rescue procedures were activated only during 
a forward fade condition, and are deficient because the MS 
transmits before the BS, which is less efficient for reasons 
which will be explained hereinafter. 

SUMMARY OF THE INVENTION 

0031 One embodiment of the present invention, which 
will be generally referred to herein as the Forward Rescue 
Procedure (FRP), is directed to methods and apparatus for 
preventing loss of signal and dropped connections between 
a MS, such as a cellular or PCS phone, and a communication 
infrastructure or network. Examples of failure scenarios that 
can be overcome using the FRP include forward link Layer 
2 (L2) acknowledgement failures and loss of forward link 
signal due to a fade that causes loss of signal for a period of 
time exceeding a threshold value. An example embodiment 
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of the present invention involves the ability for a MS to add 
one or more BS pilot channels, emanating from the com 
munication infrastructure, to the MS’s active set in order to 
preserve a connection in danger of dropping. The BS pilot 
channels are known as Forward Link Rescue Channels, and 
shall be referred to herein as Assumed Code Channels 
(ACCs). Concurrently, the network infrastructure will ini 
tiate transmission on alternative forward link channels that 
are likely to be monitored by the MS during an FRP. If the 
same channels are monitored by the MS and transmitted on 
by the infrastructure, the connection in danger of dropping 
can be rescued. Although the term. ACC is most appropri 
ately applied to code division multiple access communica 
tion protocols, where a channel is defined by a particular 
Walsh code or quasi-orthogonal function, it should be under 
stood that the term ACC, as defined herein, encompasses any 
scheme for defining channels, such as time or frequency 
slots in TDMA or FDMA, respectively. In particular, imple 
mentation and use of the present invention with a code 
division multiple access (CDMA) wireless communication 
system, is a preferred embodiment. The CDMA wireless 
communication system is fully described by the following 
standards, all or which are published by the TELECOM 
MUNICATIONS INDUSTRY ASSOCIATION, Standards 
& Technology Department, 2500 Wilson Blvd., Arlington, 
Va. 22201, and all of which are herein incorporated by 
reference: TIA/EIA-95B, published Feb. 1, 1999; and TIA/ 
EIA/IS-2000, Volumes 1-5, Release A, published Mar. 1, 
2000. Other embodiments of the present invention are 
described in the section entitled “Detailed Description of the 
Preferred Embodiments.” The further implementation of 
embodiments of this invention with other messaging proto 
cols and data structures and communication systems is 
straightforward to one skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032 FIG. 1 illustrates a roving mobile station moving 
amongst different locations between sectors in a wireless 
communication system. 

0033 FIG. 2 illustrates an exemplary communication 
link between a mobile station and a base station in a wireless 
communication system. 

0034 FIG. 3 illustrates overhead messages communi 
cated from a base station to a mobile station in a wireless 
communication system. 

0035 FIG. 4 illustrates a wireless communication infra 
structure in communication with a roving mobile station. 

0.036 FIG. 5 is a message sequence between a mobile 
station and a base station resulting in a dropped connection 
due to Layer 2 Acknowledgement failure. 

0037 FIG. 6 is a timeline that is representative of a 
dropped connection resulting from fading of the forward 
link in a wireless telecommunications network. 

0038 FIG. 7 is a timeline of a slot or superframe, divided 
into three phases and four frames, for use in a wireless 
telecommunications network. 

0039 FIG. 8 is a timeline of one embodiment of the 
present invention wherein the Forward Rescue Procedure is 
activated and results in the connection not being dropped. 
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0040 FIG. 9 is a flow diagram for a mobile station 
procedure according to one embodiment of the present 
invention. 

0041 FIG. 10 is a timeline illustrating a mobile station 
cycling through three sectors in an attempt to demodulate a 
good forward assumed code channel according to an 
embodiment of the present invention. 
0042 FIG. 11 is a flow diagram of a mobile station 
procedure including a dynamic active set according to one 
embodiment of the invention. 

0043 FIG. 12 is a diagram illustrating a mobile station 
autonomously promoting pilots to the active set when their 
signal strengths rise above a threshold according to an 
embodiment of the present invention. 
0044 FIG. 13 is a flow diagram of an infrastructure 
procedure according to one embodiment of the invention. 
0045 FIG. 14 is a timeline illustrating a base station 
cycling through three sectors while transmitting on the 
forward assumed code channel from each sector according 
to an embodiment of the present invention. 
0046 FIG. 15 is a flow diagram of an infrastructure 
procedure including a dynamic sector selection according to 
one embodiment of the invention. 

0047 FIG. 16 is a timeline illustrating a mobile station 
cycling through the pilots in its active set and searching for 
the ACC in those pilots, while a base station is cycling 
through the pilots in its active set and transmitting the ACC 
on those pilots according to an embodiment of the present 
invention. 

0.048 FIG. 17 illustrates some of the strategies for 
autonomous pilot demodulation during the rescue procedure 
period according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0049. In the following description of preferred embodi 
ments, reference is made to the accompanying drawings 
which form a part hereof, and in which is shown by way of 
illustration specific embodiments in which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utilized and structural changes may be made 
without departing from the scope of the preferred embodi 
ments of the present invention. It should be further under 
stood that although the description provided herein primarily 
references the CDMA communication protocol for purposes 
of explanation only, embodiments of the present invention 
are applicable to other communication protocols and digital 
radio technologies generally, and include, but are not limited 
to, CDMA, TDMA, FDMA, GSM, GPRS, and the like. 

Summary of Forward Rescue Procedure 

0050. The present invention comprises methods and 
apparatus for preventing loss of signal and dropped connec 
tions between a MS and the infrastructure in a telecommu 
nications network. A connection as referred to herein 
includes, but is not limited to, Voice, multimedia video and 
audio streaming, packet Switched data and circuit Switched 
data calls, short message sequences or data bursts, and 
paging. The invention, which will be generally referred to 



US 2007/0015512 A1 

herein as the Forward Rescue Procedure (FRP), allows 
systems to recover from failures at the MS or BS that would 
otherwise result in dropped connections. Examples of failure 
scenarios that can be overcome using the FRP include 
forward link Layer 2 (L2) acknowledgement failures and 
loss of forward link signal due to a fade that causes loss of 
signal for a period of time exceeding a threshold value. In 
response to a potential connection drop situation, a MS will 
autonomously add BS pilot channels to the active set of its 
rake receiver in order to rescue the connection in danger of 
dropping. Concurrently, the network infrastructure will ini 
tiate transmission on alternative forward link channels that 
are likely to be monitored by the MS during an FRP. If the 
same channels are monitored by the MS and transmitted on 
by the infrastructure, the connection in danger of dropping 
can be rescued. 

0051. The general FRP according to embodiments of the 
present invention includes a MS FRP, and may also include 
an infrastructure FRP, 

0.052 FIG. 8 illustrates an example of the timeline of the 
MS FRP and infrastructure FRP in a typical connection 
rescue. As mentioned above, although the MS FRP is central 
to any rescue, the infrastructure FRP, although recom 
mended, is not strictly necessary. 
0053 Triggering of the MS FRP depends upon the type 
of failure that occurs. In the case of a Layer 2 failure, the 
FRP is activated upon a number of failed retransmissions of 
a message requiring acknowledgments. In the case of a 
Forward Link Fade Failure, the FRP is activated if there 
exists a loss of signal for a period of time exceeding a 
threshold value (see reference character 72). 
0054) The MS starts an FRP timer at the time the rescue 
attempt is started (see reference character 74). If the FRP 
timer expires before the rescue is complete, then the con 
nection is dropped. In addition, at the time the rescue attempt 
is started, the MS turns off its transmitter and selects a new 
active set (see reference character 74). In this embodiment, 
the MS effectively assumes a handoff direction based on the 
PSMM(s) that it has sent (whether or not the PSMM was 
actually sent, successfully sent, or acknowledged). In other 
words, the MS promotes pilots to the Active set autono 
mously without a handoff direction (i.e. the new active set is 
the union of the old active set and the autonomously 
promoted active pilots: S"=SU S") (see reference character 
76). The MS then begins to cycle through this new Active set 
searching for a rescue channel. As noted above, although the 
term rescue channel encompasses the various schemes for 
defining channels as utilized by the various communication 
protocols, for purposes of simplifying the disclosure, a 
rescue channel will herein be identified as an Assumed Code 
Channel (ACC) (see reference character 78). 
0055 As noted above, the infrastructure FRP, although 
recommended, is not strictly necessary for every BS in the 
network. If the infrastructure FRP is implemented (see 
reference character 80), the infrastructure (network) selects 
sectors from which it will transmit the ACC. 

0056. In one embodiment of the present invention, null 
(blank) data is transmitted over the ACC during rescue. In 
other embodiments, data may be communicated over the 
ACC, although a MS would only hear this data if it actually 
finds and successfully demodulates that ACC. 
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0057. At some point in time, the MS will find and 
demodulate NM good frames of the ACC (see reference 
character 82), turn on its transmitter, and begins to transmit 
back to the BS. Once both the MS and BS receive a 
predetermined number of good frames, the rescue is com 
pleted (see reference character 84) and the BS may re-assign 
the MS to more permanent channels. Additionally, the 
network may re-assign the ACCs via overheads, for 
example. The BSs may also re-assign the MS active set to 
clean up after the rescue by sending a Rescue Completion 
Handoff message 86 which can re-use any existing handoff 
messages such as General or Universal Handoff Direction 
messages. 

0.058) Details of the FRP will now be provided in the 
following paragraphs. 

Network Functionality Prior to Rescue 

0059. As noted above, prior to any detection of an 
imminent dropped connection, the MS Stores the configu 
ration parameters of the network. In one embodiment, these 
parameters are fixed values that are simply stored by the MS. 
There is no need for a overhead message containing these 
parameters, because the MS would know them already and 
these parameters would never change. In another embodi 
ment, these configuration parameters may change, and thus 
the network must send the configuration to the MS in 
overheads. 

0060 Counterparts to the configuration parameters illus 
trated in the overhead messages 30, 32 and 34 of FIG.3 may 
be sent when the MS is idle. For idle MSs, a common 
channel may be used to communicate the configuration 
parameters because all idle MSs need to receive the same 
information. 

MS Forward Rescue Procedure 

0061 FIG. 9 is a flowchart of the MS procedure for 
detecting that a dropped connection is imminent and rescu 
ing that connection according to an embodiment of the 
present invention. 
0062) When a connection begins to fail, the user of a 
digital cellular telephone may hear only bits and pieces of a 
chopped-up conversation or may start experiencing latency 
or data loss in data connections. In the case of a Forward/ 
Reverse Imbalance illustrated in FIG. 5 in which a Layer 2 
Failure occurs (see reference character 88 in FIG. 9), in one 
embodiment of the present invention the MS determines that 
a dropped connection is imminent when the MS does not 
receive a proper acknowledgement to a message sent by the 
MS, and thereafter performs N (=9) failed retransmissions 
of that message without receiving proper acknowledgement. 
In one embodiment, this occurs only with respect to failed 
acknowledgments on Pilot Strength Measurement Messages 
(PSMMs) or derivatives of such. Note that the variable N. 
and other similarly identified variables referred to herein are 
actually variables defined in the telecommunications stan 
dards referred to above. However, embodiments of the 
present invention are not limited to the values for these 
variables as defined in the standards. 

0063. If the MS does not receive a proper acknowledge 
ment after N (=9) retransmissions, without the present 
invention the MS may finally give up and send a release 



US 2007/0015512 A1 

message to BS. This release message is, in effect, a dropping 
of the connection. Note that the last release message from 
the BS to the MS illustrated in FIG. 5 may or may not be 
transmitted, depending on whether the release message from 
the MS to the BS was ever received by the BS. Even if the 
BS receives the release message and sends a release message 
back to the MS, the MS may never receive it. However, in 
accordance with an embodiment of the present invention 
illustrated in the flowchart of FIG. 9, if the MS does not 
receive proper acknowledgement after N (=9) retransmis 
sions, instead of sending a release message, the MS FRP is 
activated (see reference character 92), an FRP timer is 
started for the FRP timeout period (see reference character 
96), and the MS will temporarily ignore further L2 failures. 
In other words, the MS will suspend maintenance of the 
connection by not dropping the connection after a certain 
period of time. If the FRP timer expires before the rescue is 
complete, then the connection is dropped. In addition, at the 
time the rescue attempt is started, the MS suspends retrans 
missions of the message that failed acknowledgment and 
any others that are pending (see reference character 90), and 
turns off the transmitter (see reference character 92). Once 
the MS’s transmitter is turned off, the other user will hear 
nothing from the MS. However, the MS maintains the traffic 
channel state. The MS continues all other activities associ 
ated with active state (see reference character 94). Note that 
the MS detection of a Layer 2 Failure, as described above, 
may be applied to initiate reverse-based rescue procedures 
as well. 

0064. In the case of a Forward Link Fade Failure, a 
dropped connection may be imminent if there exists a loss 
of signal (N. bad frames) for a period of time exceeding a 
threshold value. When this condition is detected (see refer 
ence character 98), the MS turns off its transmitter and a 
forward MS fade timer (Ts) is started. However, the MS 
maintains the traffic (active) state. Without the present 
invention, if the fade timer expires before N good frames 
are received, then the connection is dropped. If, on the other 
hand, the MS does receive N consecutive good frames 
before the fade timer expires, then the MS will turn its 
transmitter back on and reset the fade timer. In one embodi 
ment of the present invention, at Some particular time before 
the fade timer expires, or when the fade timer expires, the 
MS FRP will be activated and the FRP timer is started (see 
reference character 96). It should be understood that the FRP 
timer may start at the same time that the MS FRP is 
activated, or after some delay. The FRP Timer could be set 
equal to or similarly to the forward MS fade timer. The fade 
timer is thereafter ignored (see reference character 100), and 
the MS will temporarily ignore further fade failures. In other 
words, the MS will suspend maintenance of the connection 
by not dropping the connection after a certain period of time. 
Although activation of the MS FRP may be delayed until 
just before the fade timer expires, one reason for starting the 
rescue earlier than the expiration of the fade timer is that if 
the user experiences failing communications for too long a 
period of time, the user might turn off the MS and manually 
start a new connection, thereby precluding rescue. 

0065. It should be understood that the above-mentioned 
conditions for starting the MS FRP are merely exemplary, 
and in other embodiments of the present invention, the 
conditions for starting the MS FRP may be different. 
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0.066. After the MS FRP is started, in embodiments of the 
present invention the MS reviews the latest PSMM (and 
potentially previous PSMMs) (see reference character 102) 
and adds (promotes) all the pilots in the PSMM(s) that were 
designated to be promoted to, or maintained in, the active 
set. Note that the MS is acting on its own at this time because 
the MS does not send any additional PSMMs to the BS or 
does not wait for any hand-off directions. This set of pilots 
forms an Assumed Handoff Direction (AHD) (see reference 
character 104). Note that the AHD is not actually a message, 
in that it is not sent or received. Rather, AHD is just a term 
to describe the MS changes to the active set during the 
rescue procedure. It should be noted that although the active 
set may be limited to a particular maximum size during 
normal operation, in one embodiment of the present inven 
tion, during rescue the maximum active set size may tem 
porarily be expanded to accommodate pilots added autono 
mously during rescue. 
0067. After the set of pilots in the AHD have been 
determined, the MS FRP must determine one or more 
Assumed Code Channels (ACCs) that the MS will search for 
within each of the pilots in the AHD. A rescue code defines 
the ACC. The term “assumed' is used because when the MS 
searches a pilot for the ACC, the MS is assuming that the 
pilot is transmitting an ACC defined by the Walsh code or 
QOF. 
0068. The MS FRP can be implemented without invoking 
an infrastructure FRP as long as the ACC is known a priori 
by some mechanism. There are a number of ways for 
determining the ACCs that are not necessarily mutually 
exclusive. The ACC could be defaulted to be a fixed value 
specified in the standard. All handoffs could initially be to 
the default ACC and then, once acknowledged, a second 
handoff can direct the MS to a non-ACC channel. 

0069. The ACC could be specified in overheads per BS, 
sector, network, or system. Basically, this parameter could 
be sent in a neighbor list per neighbor, or globally. It could 
also be sent in one of the parameters message (active or idle) 
as a global or sector specific FRP ACC. The ACC could be 
specified in a dedicated message or order, or can be pre 
arranged to be a hash of a MS Electronic Serial Number 
(ESN) or other parameters and BS parameter(s) in order to 
pseudo-randomly distribute the MS to different channels. 
0070. In another embodiment of the present invention, 
the MS FRP also supports soft reservation of resources. As 
described earlier, overhead messages are used to transmit 
certain parameters to the MS. One of the parameters that 
may be sent in an overhead message is a Walsh code or 
quasi-orthogonal function that identifies a reserved ACC per 
BS. This ACC would be different from a normal traffic 
channel. Soft reservation means that the ACCs may be 
changed dynamically. This enables the network to more 
efficiently determine which channels to have available for 
rescue at any one time, or which Walsh codes to use to define 
the ACC. 

0071 Multiple ACCs may be reserved for rescue. MSs 
may, for example, hash to different channels. However, it is 
recommended that few such channels be reserved (prefer 
ably only one), for temporary use only. No rescue comple 
tion handoff is strictly required. Alternate ACCs may be used 
or other rescues may be delayed. 
0072 A reserved resource is not a strict requirement for 
this feature because the “reserved channel may be only 
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used for rescues when it is not otherwise required, for 
example, as a normal forward resource. No negative impact 
occurs except that the rescue capability may be temporarily 
postponed. 

0073. After the ACCs are determined, the MS sets the 
associated code channel to the Assumed Code Channel 
(ACC) for each active pilot(s) in the new active set (see 
reference character 106). In one embodiment of the present 
invention, the MS then attempts to demodulate and monitor 
the new active set (see reference character 108) by searching 
for pilot signals and assigning rake fingers to attempt to 
demodulate a good ACC. Note that at this time the MS is not 
transmitting anything. The MS continues to attempt to 
demodulate the new active set until the FRP Timer expires 
(see reference character 110) or a predetermined number of 
consecutive good frames are received (see reference char 
acter 112). 
0074. In one embodiment of the present invention, while 
performing its search for a good ACC, the MS may only try 
one sector at a time, or may try several sectors at a time, 
depending on the rake receiver capability. The MS may 
attempt to demodulate a good ACC for a set period of time 
in each sector before moving on to the next sector. In the 
example of FIG. 10, Sectors C, D and E are the only sectors 
that are part of the new active set, and thus the MS cycles 
through these sectors looking for a good ACC (see reference 
characters 114, 116, and 118). 
0075. In one embodiment of the present invention, during 
the time in which the MS is attempting to demodulate a good 
ACC from the new active set, the MS will assign rake 
receiver fingers to multiple pilots. However, during rescue, 
it may be difficult for the MS to determine which fingers 
received good frames. The difficulty in determining which 
channels are providing the good ACC can be illustrated in 
the following example. Suppose that a MS was originally in 
communication with BSC in a network comprised of three 
BSs, A, B and C, but the MS detects that a dropped 
connection was imminent, and thus initiates the MS FRP. 
Further suppose that the network also detects the imminent 
dropped connection and therefore transmits the ACC on BS 
B. Because the MS does not know which BS is transmitting 
the ACC, the MS assigns its rake receiver fingers in an 
attempt to demodulate the ACC from both BSA and BS B. 
The MS then combines this demodulated information to 
generate a frame. 

0.076 If the resulting frame is bad, it could have been due 
to the channel from BSB not being well received, or that BS 
A corrupted the demodulated data, or other reasons. Even if 
the resulting frame is good, the MS may not know which BS 
transmitted the good ACC. In that case, the MS may then 
have to try one BS at a time in order to get additional 
information which will allow it to determine which BS 
provided the good ACC. Because of this difficulty, in an 
alternative embodiment of the MS FRP, the MS assigns the 
rake receiver fingers to only a single channel and sector at 
one time, and thus if a good ACC is found, the MS will be 
able to determine which BS provided that good ACC. 
0077 Referring again to FIG. 9, if the MS is able to 
receive a predetermined number of consecutive good frames 
(e.g., N, (=2 frames)) before the FRP timer expires, then it 
enables the transmitter (see reference character 120) and 
continues the connection (see reference character 122) on 
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the new active set, thereby completing a Successful rescue 
(see reference character 124). The MS should then imme 
diately demote newly assumed active pilots for sectors that 
it did not receive successfully because these will only 
introduce interference. The MS may select pilots to demote 
based on observations of signal strength, symbol combiner 
weighting, attempts at demodulation of different channels, 
or responses from the base stations (i.e., HDM). 

0078. The MS may also re-construct and send a PSMM 
based on the current pilot conditions, and reset the retrans 
mission counter and/or fade timer (see reference character 
126). The BS may or may not send a handoff direction 
confirmation (see reference character 128) to complete the 
recovery and confirm the active set. If the BS does send a 
handoff direction, the MS needs to update its active set 
accordingly. If the MS does not receive the predetermined 
number (e.g., N, (=2 frames)) of consecutive good frames 
before the FRP timer expires (see reference character 110), 
then it terminates (drops) the connection (see reference 
character 130). 
0079. In one embodiment of the present invention, while 
the MS is attempting to demodulate a good ACC, the MS 
may autonomously and dynamically change its active set. 
FIG. 11 is a flowchart of the MS FRP utilizing a dynamic 
active set. This procedure is similar to FIG. 9 except that the 
MS may vary the set of sectors that it attempts to demodu 
late. It does this in order to adapt to changing signal 
conditions during the rescue and also to attempt to rescue on 
different sectors and increase the chance of a Successful 
rescue. While the MS is attempting to demodulate the new 
active set (see reference character 132), but before the FRP 
Timer expires (see reference character 134), it will monitor 
other pilot's strengths (see reference character 136) in an 
attempt to locate new sectors for rescue. If a pilot with 
sufficient received strength is located and it is not in the 
current active set (see reference character 138), the MS will 
add (promote) the new pilot to the AHD (see reference 
character 140). The MS may also remove (demote) a pilot 
from the AHD if its strength diminished, or in order to make 
room for the new pilot. For example, as illustrated in FIG. 
12, as part of the MS FRP. pilot signals A, B, C and D are 
monitored for their signal strength. When a pilot achieves 
signal strength that is above a threshold T ADD, the MS 
will autonomously promote that pilot to both the candidate 
set and the active set (see, e.g., reference character 142). The 
MS will create a new active set by autonomously promoting 
pilots with sufficient strength to the active set. 

0080 Referring again to FIG. 11, the MS then sets the 
code channels associated with the new AHD to the ACC for 
each particular sector (see reference character 144) and then 
attempts to demodulate the new active set (see reference 
character 132). If no new pilots were located (i.e. no change 
of pilots), the MS will continue to attempt to demodulate the 
unchanged active set (see reference character 132). If two 
pilots have the same signal strength, the MS may decide to 
try both of them in sequence. In embodiments of the present 
invention, any number of methodologies or intelligent 
search algorithms well understood by those skilled in the art 
may be employed by the MS FRP to allow the MS to search 
for the ACC. 

0081 Although the pilots in the original active set of the 
MS may have initially caused the imminent dropped con 
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nection, when looking for a good ACC, the MS may also 
attempt to locate an ACC in these original pilots, because 
eventually one of those original pilots may provide the best 
channel for a rescue. In alternative embodiments of the 
present invention, all of the members of the new active set, 
including the old members, can be treated the same way, or 
the members of the old active set may be treated differently 
from the new members of the new active set. 

0082 In an alternative embodiment of the dynamic active 
set feature, during rescue the MS may send a new PSMM 
message each time the MS has changed its active set. In a 
forward based rescue, this would require that the MS turn its 
transmitter on for a brief moment in time to transmit this 
PSMM, while in a reverse based rescue the PSMM would 
just be sent. The MS will not know for sure that the BS has 
received this PSMM with the new active set, but if the BS 
does receive that message, it will help in coordinating the 
ACC. 

0083. It should be understood that this dynamic active set 
may be applied to both forward and reverse based rescue 
procedures. 

Infrastructure Forward Rescue Procedure 

0084. Although it is possible to rescue a connection by 
implementing only a MS FRP. in other embodiments of the 
present invention infrastructure FRPs may also be imple 
mented. In these embodiments, during a rescue attempt the 
MS and infrastructure may continuously monitor pilot con 
ditions and re-seed their respective active sets as necessary 
with new BSS/sectors. As previously discussed, the MS may 
continuously monitor existing or new candidates and pro 
mote them to the active set using another AHD. Similarly, as 
will be described, the infrastructure may continuously moni 
tor conditions or the MS’s location and direct ACCs on new 
applicable sectors to the MS. In one embodiment of the 
present invention, the MS FRP and the infrastructure FRP 
are activated within 20 milliseconds, or one frame, of each 
other. 

0085 FIG. 13 is a flowchart of an infrastructure (net 
work) FRP according to an embodiment of the present 
invention. The infrastructure FRP is similar for both Layer 
2 failures and forward fade failures. The infrastructure FRP 
can be carried out by multiple infrastructure components 
including, but not limited to, BSs, BS controllers and mobile 
switching centers. However, for clarity, the infrastructure 
FRP will be described herein as being performed by a single 
BS. 

0086) The infrastructure FRP is different from the MS 
FRP because the BS needs to indirectly detect that the MS 
encountered an imminent dropped connection. A Layer 2 
Acknowledgement Failure is more difficult to detect that 
than a fade condition, because the BS may not know that 
there's anything wrong. For example, the BS may be receiv 
ing every PSMM message that the MS sends to it, and it may 
be responding to those messages with an acknowledgement 
message. The BS may note, however, that although it keeps 
acknowledging the MS's message, the MS continues to 
retransmit the same message. From this, the BS can infer a 
forward/reverse imbalance condition in which the MS is 
having trouble transmitting or receiving. The BS can there 
fore trigger the infrastructure FRP upon noting FRP Repeat 
Receive Threshold receipts of the same PSMM (or equiva 
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lent) message from the MS after acknowledging each (see 
reference character 146). Note that the BS detection of a 
Layer 2 Failure, as described above, may be applied to 
initiate reverse-based rescue procedures as well. 
0087 Another way that the BS can detect an imminent 
dropped connection is by determining what kind of message 
is being received from the MS. For example, if the BS 
repeatedly receives PSMMs from the MS, the BS may 
examine them and determine that the MS needs a BS or 
sector other than the one it has. If this PSMM message is 
sent repeatedly by the MS, that’s an indication to the BS that 
a rescue would be helpful. 
0088. The BS can detect that the MS requires rescue for 
a fade condition by monitoring whether or not the BS 
received a predetermined number of valid frames from the 
MS for the fade timer period (see reference character 148). 
In other words, in a forward fade the MS will stop trans 
mitting, and the BS will be able to detect that after a period 
of time. Activation of the infrastructure FRP may be favored 
when the BS either (1) received a PSMM and sent a handoff 
direction, or (2) sent an acknowledgment during the fade. In 
either case (see reference character 146 or 148), as shown in 
FIG. 13, the BS maintains the traffic (active) state (see 
reference character 150) and starts the FRP timer at the BS 
(see reference character 152). 
0089. As in the Fade Timer advance activation of the MS 
FRP, the infrastructure FRP may optionally be activated in 
advance in the case of an L2 Acknowledgement failure by 
supplying a count that can be deducted from the L2 ACK 
count (of 9), as a threshold for activation. Additionally, the 
infrastructure FRPattempt period may be considered limited 
by the fade timeout. For example, the infrastructure FRP 
may be initiated only during the latter part of the fade. 
0090. As previously described, in an alternative embodi 
ment of the dynamic active set feature, during rescue the MS 
may send a new PSMM message each time the MS has 
changed its active set. If a PSMM is received (see reference 
character 154) by the BS, the BS reviews the received 
PSMM (see reference character 156). All pilots in the 
PSMM that were designated to be promoted to, or main 
tained in, the active set may then be included in the new 
active set. 

0091) If no PSMM was received, a subset of neighbor 
BSs can be selected (see reference character 158) to be 
added to the new active set. A BS controller or an infra 
structure element knows what the active set was for the MS 
prior to the start of rescue, and now it must determine 
additional BSs or sectors to add to the active set in order to 
rescue the connection. These BSs or sectors to be added are 
dependent on a number of factors including, but not limited 
to, the last known active set of the MS, the location of the 
MS, the sectors closest to the MS, the previous active sets 
for that MS, other history and statistics of the MS, and what 
new pilots the MS was asking for. Note that in the case of 
an L2 acknowledgement failure involving a PSMM, the 
network may not have to estimate what sector the MS needs, 
because if the network was able to receive the PSMM, it 
already knows from the PSMM messages what sector the 
MS wants. However, if this information is not available, the 
network uses all of the above-mentioned factors to estimate 
what sectors the MS may need in order to be rescued. Note 
also that the network may be able to determine the MS’s 
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location not merely because it knows which sector the MS 
is in, but because the MS may have GPS capability, or the 
infrastructure may have network-based position location, or 
the system may have network-assisted position location 
capability. 

0092. In further embodiments of the present invention, 
during the process of determining additional BSS or sectors 
to add to the active set in order to rescue the connection, the 
network will decide if a rescue is possible and desirable. 
There may be several reasons why a rescue would not be 
desirable. For example, the sectors needed for rescue may be 
at capacity and out of bandwidth. In other words, if the 
infrastructure FRP were to bring up another channel in order 
to rescue the connection, but in doing so the power and 
interference in that sector would increase to a point where it 
would cause another connection utilizing that sector to have 
forward fade failures, then the FRP hasn’t accomplished 
anything beneficial. Rather, it has merely traded one con 
nection for another. Another reason would be that the sectors 
are out of codes to assign to an ACC. As described earlier, 
it is the Walsh codes or the quasi-orthogonal functions which 
are utilized to open up a new channel. If, within a sector, 
those codes have all been used up, then a new channel 
cannot be opened. 
0093. The above-mentioned example illustrates one 
advantage of using a FRP instead of a reverse-based rescue 
procedure. In the FRP, the BS makes the decision whether or 
not to try to rescue a connection, and therefore will only 
open up a new channel and attempt a rescue if it determines 
that the rescue will not impact other connections. On the 
other hand, in a reverse-based rescue procedure, the MS will 
begin transmitting, creating additional power and interfer 
ence, without knowing if that rescue attempt is going to 
impact any other existing connections. 
0094. After the set of pilots in the new active set have 
been determined, the infrastructure FRP must determine one 
or more ACCs that the BSs in the new active set will transmit 
from each of the pilots in the new active set. As noted above, 
a Walsh code or QOF defines the ACC. 
0.095. In embodiments of the present invention, there are 
a number of options for determining the ACCs that are not 
necessarily mutually exclusive. The ACC could be defaulted 
to be a fixed value specified in the standard (i.e. select a 
reserved forward Walsh code to be used by the ACC). The 
ACC could be specified in overheads per BS, sector, net 
work, or system. Basically, this parameter could be sent in 
a neighbor list per neighbor, or globally. It could also be sent 
in one of the parameters message (active or idle) as a global 
or sector specific FRP ACC. The ACC could be specified in 
a dedicated message or order. 
0096. In another embodiment of the present invention, 
the infrastructure FRP also supports soft reservation of 
resources. As described earlier, overhead messages are used 
to transmit certain parameters to the MS. One of the param 
eters that may be sent in an overhead message is a Walsh 
code or quasi-orthogonal function that identifies a reserved 
ACC. This ACC would be different from a normal traffic 
channel. Soft reservation means that the ACCs may be 
changed dynamically. This enables the network to more 
efficiently determine which channels to have available for 
rescue at any one time, or which Walsh codes to use to define 
the ACC. 
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0097 Multiple ACCs may be reserved for rescue. How 
ever, it is recommended that few such channels be reserved 
(preferably only one), for temporary use only. No rescue 
completion handoff is strictly required. Alternate ACCs may 
be used or other rescues may be delayed. 
0098. A reserved resource is not a strict requirement for 
this feature because the “reserved channel may be only 
used for rescues when it is not otherwise required, for 
example, as a normal forward resource. No negative impact 
occurs except that the rescue capability may be temporarily 
postponed. 

0099. Once the new active set and the ACC has been 
determined, the BSs in the new active set will then transmit 
the forward link for the MS using the associated (agreed 
upon) ACC(s) (see reference character 160). In other words, 
additional ACCs are made available for the MS to soft 
handoff with. These ACCs are transmitted on one or more 
sectors that the MS did not have when the connection was 
first failing. 
0100. In one embodiment of the present invention, only 
one sector will transmit on the ACC at any one time. 
Transmitting from only one sector provides an advantage of 
minimizing the capacity impact of a rescue, because in a 
forward rescue, the network knows its traffic and capacity 
and can coordinate within itself where and when to transmit 
the ACC. As illustrated in the example of FIG. 14, the sector 
will transmit on the ACC for only a set period of time 162 
before it will stop and another sector will transmit, as the 
network cycles through its set of sectors. 
0101 However, in other embodiments, multiple sectors 
or BSs may transmit the ACC at the same time. FIG. 15 is 
a flowchart illustrating an infrastructure FRP which includes 
a dynamic selection of sectors from which to transmit ACCs. 
The infrastructure may select different BS sectors (see 
reference character 164) depending on signal condition 
changes, MS reactions, or to attempt different combinations 
of sectors to rescue. The reselection of sectors takes place if 
the BS has not received a predetermined number of con 
secutive good frames (see reference character 166) and if the 
FRP Timer has not expired (see reference character 168). 
The network may alternate between sectors to maximize the 
chance of rescuing the MS while minimizing resource 
uSage. 

0102 Optionally, the BS may operate the ACC channels 
in a slotted or burst/intermittent mode where it transmits at 
least a predetermined number (N) of forward frames 
during any FRP Timer (value) period so that a MS has a 
chance to be rescued. At the same time, this minimizes 
interference and maximizes capacity. The ACC may also be 
turned off when there are no connections up that are at risk 
(i.e. a weak signal or at near high power on neighboring 
BSS/sectors). 
0103). After the BS activates the new rescue traffic chan 
nels, the BS will attempt to receive the up-link from the MS 
(see reference character 170). Because the sectors transmit 
first, the MS will transmit only after recognizing the BS is 
attempting the rescue, minimizing power and interference. 

0104. As described above, in the MS FRP the MS 
reviews the latest PSMM (and potentially previous PSMMs) 
and may add (promote) all the pilots in the PSMM(s) that 
were designated to be promoted to, or maintained in, the 
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active set. Similarly, the infrastructure FRP may use 
received PSMMs to determine which pilots to add to its 
active set, and may base this determination on signal 
strength. In addition, if the infrastructure FRP is activated, 
neighbor BSs may be added to the active set maintained by 
the infrastructure. Note that both the MS and infrastructure 
FRPs are acting autonomously at this time, and therefore 
neither knows the new active set of the other. Under these 
circumstances, in embodiments of the present invention 
illustrated in the example of FIG. 16, the MS FRP will cycle 
through the pilots in its new active set (see reference 
character 180), searching for the ACC in those pilots. At the 
same time, the infrastructure FRP will cycle through the 
pilots in its new active set (see reference character 182), 
transmitting the ACC on those pilots. FIG. 17 illustrates 
Some of the strategies for autonomous pilot demodulation 
and transmission during the rescue procedure period. This 
cycling of pilots by the MS and the infrastructure FRPs is 
preferably coordinated according to a certain set of strate 
gies to guarantee some transmission overlap for at least N. 
frames, and therefore permit a rescue. At this time of 
transmission overlap, the MS will be attempting to demodu 
late the ACC from a particular sector at the same time that 
the network is transmitting the ACC on that sector. 
0105 Referring again to FIG. 15, if the BS is able to 
receive a predetermined number of consecutive good frames 
on the up-link before the FRP timer expires (see reference 
character 168), then it may send a Rescue Completion 
Handoff (RCH) message (see reference characters 172 and 
174) to the MS to confirm and complete the recovery (see 
reference character 176). The RCH reassigns the MS to a 
different Code Channel for that BS so that the ACC may be 
re-used to rescue other MSs. The BS sends this message to 
the MS as soon as possible. The network can then update its 
active set according to the active set transmitted by the MS 
and continue the connection. 

0106 If the BS does not receive the predetermined num 
ber of consecutive good frames on the up-link before the 
FRP timer expires, then the connection is terminated 
(dropped) (see reference character 178). 

Applications of Forward Rescue Procedure 

0107 Although the general FRP was described herein 
above using a CDMA cellular network as an example, the 
basic concepts of rescuing a connection in danger of being 
dropped, forward and multiple reverse links, overhead mes 
sages, dedicated and common channels, and ACCs described 
in the general FRP are applicable to or may be extended to 
other wireless protocols and technologies such as paging 
systems, satellite communication systems, cordless phone 
systems, fleet communication systems, and the like. For 
example, both CDMA and TDMA utilize the concept of 
channels. The concept of a BS described herein encom 
passes repeaters or different antenna diversity Schemes, a 
cordless base, a satellite or another telephone, and the like. 
The concept of a MS described herein encompasses a pager, 
a satellite phone, a cordless phone, a fleet radio, and the like. 
0108). The key building blocks of the FRP include: (1) 
one or more terminals that are in danger of having, or have, 
a failing connection, (2) an entity that has some control over 
one or more terminals that starts rescuing by transmitting 
while the terminal(s) listen for the rescue, and (3) those 
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terminals start transmitting back to the entity upon Success 
fully receiving the transmission from that entity. 
0.109 The terminals could be wireless for use in com 
mercial, military or other applications including under-water 
use, use in space, or between satellites and ground stations 
or terminals such as GlobalstarTM or IridiumTM-type sys 
tems. The terminals could also be connected to the entity via 
shared wire line such as Ethernet. In this case, a terminal that 
has a failing connection would stop transmitting and wait 
until it receives a rescue transmission addressed to it from 
the entity. 
0110. In the broader application, a controlling entity has 
control over the rescue because it decides when to rescue a 
terminal and which terminal(s) to rescue. In this sense, the 
procedure is centralized and thus overcomes the efficiency, 
delay, and power control type problems associated with 
decentralized procedures. 
0.111 Although the present invention has been fully 
described in connection with embodiments thereof with 
reference to the accompanying drawings, it is to be noted 
that various changes and modifications will become appar 
ent to those skilled in the art. Such changes and modifica 
tions are to be understood as being included within the scope 
of the present invention as defined by the appended claims. 

What is claimed is: 
1. In a communications network having a plurality of 

sectors and a mobile station (MS), the MS including a MS 
active set, a method for continuing a connection between at 
least one of the plurality of sectors and the MS, comprising: 

detecting an acknowledgement failure at the MS; 
autonomously adding one or more pilots to the MS active 

set at the MS by itself when the MS detects the 
acknowledgement failure, each pilot corresponding to 
one of the plurality of sectors; 

transmitting over one or more assumed code channels 
(ACCs) for use in a rescue from at least one of the 
plurality of sectors; 

at the MS, searching for one or more ACCs from the 
sectors corresponding to the pilots in the MS active set; 

at the MS, discovering one or more ACCs are receivable 
from at least one of the plurality of sectors; and 

continuing the connection at the MS when the one or more 
receivable ACCs are discovered. 

2. The method as recited in claim 1: 

wherein the discovery of one or more receivable ACCs at 
the MS comprises receiving a predetermined number of 
consecutive good frames of the ACC from at least one 
of the plurality of sectors; and 

wherein continuing the connection at the MS when the 
one or more receivable ACCs are discovered comprises 
continuing the connection at the MS when the prede 
termined number of consecutive good frames are 
received by the MS. 

3. The method of claim 1, the MS having transmitted one 
or more pilot strength measurement messages (PSMMs) 
prior to detecting the acknowledgement failure, the method 
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further comprising adding one or more pilots to the MS 
active set based on information contained in the one or more 
PSMMS. 

4. The method of claim 1, the MS having received one or 
more overhead messages containing information on the 
ACC prior to detecting the acknowledgement failure, the 
method further comprising determining one or more ACCs 
for use in the rescue based on information contained in the 
one or more overhead messages. 

5. The method of claim 1, further comprising: 

ceasing transmission from the MS after detecting the 
acknowledgement failure; and 

resuming transmissions from the MS if a predetermined 
number of consecutive good frames of the ACC from 
one or more of the sectors is received at the MS. 

6. The method of claim 1, the method further comprising: 
starting a rescue timer after detecting the acknowledge 
ment failure; and 

terminating the connection if the rescue timer expires 
before a downlink is received from the network at the 
MS. 

7. The method of claim 3, further comprising dynamically 
changing the MS active set based on pilot signal strength 
information measured by the MS during the rescue. 

8. The method of claim 7, further comprising transmitting 
a PSMM from the MS every time the MS active set is 
autonomously changed. 

9. The method of claim 1, wherein the detecting step is 
carried out by detecting a Layer 2 Acknowledgement Failure 
at the MS. 

10. The method of claim 1, wherein the detecting step is 
carried out by determining that the MS did not receive an 
acknowledgement to a message sent by the MS after a 
predetermined number of retransmissions of the message by 
the MS. 

11. The method of claim 1, further comprising detecting 
a Forward Link Fade Failure at the MS. 

12. The method of claim 11, wherein detecting the For 
ward Link Fade Failure at the MS is determined by receiving 
a predetermined number of consecutive bad frames at the 
MS. 

13. The method of claim 1, the network including a 
network active set, the method further comprising: 

adding one or more sectors to the network active set; and 
Selecting one or more sectors from the network active set 
from which to transmit one of the ACCs. 

14. The method of claim 13, wherein continuing the 
connection further comprises: 

receiving a predetermined number of consecutive good 
frames from the MS by the network; and 

continuing the connection at the network when the pre 
determined number of consecutive good frames are 
received by the network. 

15. The method of claim 13, the method further compris 
ing: 

starting a rescue timer after detecting a potentially failing 
connection; and 
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terminating the potentially failing connection if the rescue 
timer expires before an uplink is received from the MS 
at the network. 

16. The method of claim 13, further comprising detecting 
a potentially failing connection caused by a Layer 2 
Acknowledgement Failure at the network. 

17. The method of claim 16, further comprising detecting 
the potentially failing connection caused by the Layer 2 
Acknowledgement Failure at the network by determining 
that the network received a predetermined number of 
retransmitted messages from the MS after a predetermined 
number of acknowledgements of the message were sent by 
the network. 

18. The method of claim 13, further comprising detecting 
a potentially failing connection caused by a Forward Link 
Fade Failure at the network. 

19. The method of claim 18, further comprising detecting 
the potentially failing connection caused by a Forward Link 
Fade Failure at the network by detecting that the network did 
not receive a predetermined number of valid frames from the 
MS. 

20. The method of claim 13, further comprising deter 
mining whether the rescue should be attempted before 
transmitting one of the ACCs from at least one of the 
plurality of sectors. 

21. The method of claim 13, further comprising adding 
one or more sectors to the network active set based on their 
locations, orientation, system or band. 

22. The method of claim 13, further comprising: 
receiving, at the network, one or more PSMMs from the 
MS; and 

adding one or more sectors to the network active set based 
on information contained in the one or more PSMMs. 

23. The method of claim 13, further comprising dynami 
cally changing the one or more ACCS for use in the rescue. 

24. In a communications network having a plurality of 
sectors and one or more mobile stations (MSs), a method for 
continuing a connection between at least one of the plurality 
of sectors and the MSS, comprising: 

detecting a potentially failing connection at the MS; 
autonomously and dynamically changing one or more 

pilots in the MS active set at the MS during a rescue 
when the MS detects the potentially failing connection, 
each pilot corresponding to one of the plurality of 
Sectors; 

transmitting at least one rescue channel from at least one 
of the plurality of sectors; 

monitoring one or more of the plurality of sectors for the 
rescue channel corresponding to the pilots in the MS 
active set at the MS; 

at the MS, discovering one or more rescue channels are 
receivable; and 

continuing the connection when the one or more receiv 
able rescue channels are discovered. 

25. A method of operating a mobile station (MS) to 
continue a connection between the MS and a communica 
tions network having a plurality of sectors, the MS having 
a MS active set, the network capable of transmitting over 
one or more assumed code channels (ACCs) from at least 
one of the plurality of sectors, the method comprising: 
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detecting an acknowledgement failure; 
autonomously adding one or more pilots to the MS active 

set when the MS detects the acknowledgement failure, 
each pilot corresponding to one of the plurality of 
Sectors; 

searching for one or more ACCs from the sectors corre 
sponding to the pilots in the MS active set; 

discovering one or more ACCs are receivable from at 
least one of the plurality of sectors; and 

continuing the connection when the one or more receiv 
able ACCs are discovered. 

26. The method as recited in claim 25: 

wherein the discovery of one or more receivable ACCs 
comprises receiving a predetermined number of con 
secutive good frames of the ACC from at least one of 
the plurality of sectors; and 

wherein continuing the connection when the one or more 
receivable ACCs are discovered comprises continuing 
the connection when the predetermined number of 
consecutive good frames are received. 

27. The method of claim 25, the MS having transmitted 
one or more pilot strength measurement messages (PSMMS) 
prior to detecting the acknowledgement failure, the method 
further comprising adding one or more pilots to the MS 
active set based on information contained in the one or more 
PSMMS. 

28. The method of claim 25, the MS having received one 
or more overhead messages containing information on the 
ACC prior to detecting the acknowledgement failure, the 
method further comprising determining one or more ACCs 
for use in a rescue based on information contained in the one 
or more overhead messages. 

29. The method of claim 25, further comprising: 
ceasing transmission from the MS after detecting the 

acknowledgement failure; and 
resuming transmissions from the MS if a predetermined 
number of consecutive good frames of the ACC from 
one or more of the sectors is received. 

30. The method of claim 25, the method further compris 
1ng: 

starting a rescue timer after detecting the acknowledge 
ment failure; and 

terminating the connection if the rescue timer expires 
before a downlink is received from the network. 

31. The method of claim 27, further comprising dynami 
cally changing the MS active set based on pilot signal 
strength information received by the MS during the rescue. 

32. The method of claim 31, further comprising transmit 
ting a PSMM from the MS every time the MS active set is 
dynamically changed. 

33. The method of claim 25, wherein the detecting step is 
carried out by detecting a Layer 2 Acknowledgement Fail 
le. 

34. The method of claim 25, wherein the detecting step is 
carried out by determining that the MS did not receive an 
acknowledgement to a message sent by the MS after a 
predetermined number of retransmissions of the message by 
the MS. 
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35. The method of claim 25, further comprising detecting 
a Forward Link Fade Failure. 

36. The method of claim 25, wherein detecting the For 
ward Link Fade Failure is determined by receiving a pre 
determined number of consecutive bad frames. 

37. A communications system, comprising: 
a network having a network processor and a plurality of 

sectors for transmitting and receiving signals; and 
a mobile station (MS) having a MS processor and a MS 

active set for receiving a signal from one or more of the 
plurality of sectors, the MS processor programmed for 
detecting an acknowledgement failure; 

wherein the network processor is further programmed for 
transmitting over one or more assumed code channels 
(ACCs) for use in a rescue from at least one of the 
plurality of sectors; and 

wherein the MS processor is further programmed for 
autonomously adding one or more pilots to the MS 
active set by itself, each pilot corresponding to one of 
the plurality of sectors, searching for one or more ACCs 
from the sectors corresponding to the pilots in the MS 
active set, discovering one or more ACCs are receiv 
able from at least one of the plurality of sectors, and 
continuing the connection when the one or more receiv 
able ACCs are discovered, if the MS processor detects 
the acknowledgement failure. 

38. The system of claim 37, the MS processor further 
programmed for: 

transmitting one or more pilot strength measurement 
messages (PSMMs) to the network prior to detecting 
the acknowledgement failure; and 

adding one or more pilots to the MS active set based on 
information contained in the one or more PSMMs if the 
MS processor detects the acknowledgement failure. 

39. The system of claim 37, the MS processor further 
programmed for autonomously changing the MS active set 
based on pilot signal strength information measured by the 
MS during the rescue if the MS processor detects the 
acknowledgement failure. 

40. The system of claim 37, wherein the acknowledge 
ment failure is a Layer 2 Acknowledgement Failure. 

41. The system of claim 37, the MS processor further 
programmed for detecting a Forward Link Fade Failure. 

42. The system of claim 37, the network including a 
network active set, the network processor further pro 
grammed for adding one or more sectors to the network 
active set and selecting one or more sectors from the 
network active set from which to transmit one of the ACCs 
if the network processor detects the potentially failing 
connection. 

43. The system of claim 38, the network processor further 
programmed for detecting a Layer 2 Acknowledgement 
Failure. 

44. The system of claim 37, the network processor further 
programmed for detecting a Forward Link Fade Failure. 

45. The system of claim 37, the network processor further 
programmed for dynamically changing the one or more 
ACCs for use in the rescue. 

46. A communications system, comprising: 
a network having a network processor and a plurality of 

sectors for transmitting and receiving signals; and 
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a mobile station (MS) having a MS processor and a MS 
active set for receiving signals from one or more of the 
plurality of sectors, the MS processor programmed for 
detecting a potentially failing connection with the one 
or more sectors in the network; 

wherein the network processor is further programmed for 
transmitting over at least one rescue channel from at 
least one of the plurality of sectors; and 

wherein the MS processor is further programmed for 
autonomously and dynamically changing one or more 
pilots corresponding to one or more respective rescue 
channels in the MS active set by itself during a rescue, 
monitoring one or more of the plurality of sectors for 
the rescue channel, discovering one or more rescue 
channels are receivable, and continuing the connection 
when the one or more receivable rescue channels are 
discovered, if the MS processor detects the potentially 
failing connection. 

47. A communications system, comprising: 
a network having a network processor and a plurality of 

sectors for transmitting and receiving signals; and 

a mobile station (MS) having a MS processor and an MS 
active set for receiving signals from one or more of the 
plurality of sectors, the MS processor programmed for 
detecting an Acknowledgement Failure; 

wherein the MS processor is further programmed for 
autonomously adding a pilot corresponding to a rescue 
channel to the MS active set by itself, and transmitting 
over the rescue channel if the MS processor detects the 
acknowledgement failure; and 

wherein the network processor is further programmed for 
monitoring the MS for the rescue channel, discovering 
one or more rescue channels are receivable, and con 
tinuing the connection when the one or more receivable 
rescue channels are discovered. 

48. A mobile station (MS) for communicating with a 
network, the network having a plurality of sectors capable of 
transmitting one or more assumed code channels (ACCs) for 
use in a rescue, the MS comprising: 

a MS active set; and 

a MS processor programmed for detecting an acknowl 
edgement failure, autonomously adding one or more 
pilots to the MS active set by itself when the acknowl 
edgement failure is detected, each pilot corresponding 
to one of the plurality of sectors, searching for one or 
more ACCs from the sectors corresponding to the pilots 
in the MS active set, discovering one or more ACCs 
receivable from at least one of the plurality of sectors, 
and continuing the connection when the one or more 
receivable ACCs are discovered. 

49. The MS of claim 48, wherein the MS processor is 
further programmed for transmitting one or more pilot 
strength measurement messages (PSMMs) prior to detecting 
the acknowledgement failure, and adding one or more pilots 
to the MS active set based on information contained in the 
one or more PSMMs, if the MS processor detects the 
acknowledgement failure. 

50. The MS of claim 48, wherein the MS processor is 
further programmed for dynamically changing the MS 
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active set based on pilot signal strength information received 
by the MS during the rescue, if the MS processor detects the 
acknowledgement failure. 

51. The MS of claim 48, wherein the acknowledgement 
failure is detected by a Layer 2 Acknowledgement Failure. 

52. The MS of claim 48, wherein the MS processor is 
further programmed for detecting a Forward Link Fade 
Failure. 

53. A mobile station (MS) for communicating with a 
communications network having a plurality of sectors 
capable of receiving a rescue channel, the MS comprising: 

a MS processor programmed for detecting an Acknowl 
edgement Failures autonomously adding one or more 
pilots to a MS active set by itself when the acknowl 
edgement failure is detected, each pilot corresponding 
to one of the plurality of sectors, and transmitting over 
the rescue channel to one or more of the plurality of 
SectOrS. 

54. A communications system, comprising: 
first means having a plurality of sectors for transmitting 

and receiving signals; and 

second means having a MS active set for receiving signals 
from one or more of the plurality of sectors, and for 
detecting an acknowledgement failure; 

wherein the first means includes means for transmitting 
over one or more assumed code channels (ACCs) for 
use in a rescue from at least one of the plurality of 
sectors; and 

wherein the second means includes means for autono 
mously adding one or more pilots to the MS active set 
by itself when the second means detects the acknowl 
edgement failure, each pilot corresponding to one of 
the plurality of sectors, 

means for searching for one or more ACCs from the 
sectors corresponding to the pilots in the MS active 
Set, 

means for discovering one or more ACCs are receiv 
able from at least one of the plurality of sectors, and 

means for continuing the connection when the one or 
more receivable ACCs are discovered. 

55. The system of claim 54, wherein: 
the first means includes a network active set, and 
the first means adds one or more sectors to the network 

active set and selects one or more sectors from the 
network active set from which to transmit one of the 
ACCs. 

56. A mobile station (MS) for communicating with a 
network, the network having a plurality of sectors capable of 
transmitting one or more assumed code channels (ACCs) for 
use in a rescue, the MS comprising: 

a MS active set; 

means for detecting an acknowledgement failure; 

means for autonomously adding one or more pilots to the 
MS active set by itself if the acknowledgement failure 
is detected, each pilot corresponding to one of the 
plurality of sectors; 
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means for searching for one or more ACCs from the 
sectors corresponding to the pilots in the MS active set; 

means for discovering one or more ACCs receivable from 
at least one of the plurality of sectors; and 

means for continuing the connection when the one or 
more receivable ACCs are discovered. 

57. The method of claim 1, further comprising: 
dynamically changing the pilots in the MS active set at the 
MS. 

58. The method of claim 1, further comprising: 
dynamically changing the sectors transmitting the ACCs 

for use in the rescue. 
59. The method of claim 1, wherein the autonomously 

adding step is carried out without receiving a handoff 
direction message instructing a changing of the pilot in the 
MS active set from the sectors. 

60. The method of claim 1, wherein the autonomously 
adding step adds one or more pilots that have not been 
specified in a handoff direction message instructing a chang 
ing of the pilot in the MS active set. 

61. The method of claim 25, wherein the autonomously 
adding step is carried out without receiving a handoff 
direction message instructing a changing of the pilot in the 
MS active set from the communications network. 

62. The method of claim 25, wherein the autonomously 
adding step adds one or more pilots that have not been 
specified in a handoff direction message instructing a chang 
ing of the pilot in the MS active set. 

63. The system of claim 37, wherein the MS processor 
autonomously adds one or more pilots to the MS active set 
without receiving a handoff direction message instructing a 
changing of the pilot in the MS active set from the network. 

64. The system of claim 37, wherein the MS processor 
autonomously adds one or more pilots that have not been 
specified in a handoff direction message instructing a chang 
ing of the pilot in the MS active set. 

65. The system of claim 46, wherein the MS processor is 
programmed for detecting the potentially failing connection 
caused by a Layer 2 Acknowledgement Failure. 

66. The system of claim 47, wherein the MS processor is 
programmed for detecting the acknowledgement failure 
caused by a Layer 2 Acknowledgement Failure. 

67. The system of claim 47, wherein the MS processor is 
programmed for transmitting over the rescue channel to a 
targeted sector, the pilot corresponds to the targeted sector, 
and the targeted sector is dynamically selected. 

68. The system of claim 47, wherein the network proces 
sor is further programmed for dynamically selecting one or 
more sectors to monitor the MS for the rescue channel. 

69. The mobile station of claim 48, wherein the MS 
processor autonomously adds one or more pilots to the MS 
active set without receiving a handoff direction message 
instructing a changing of the pilot in the MS active set from 
the network. 
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70. The mobile station of claim 48, wherein the MS 
processor autonomously adds one or more pilots that have 
not been specified in a handoff direction message instructing 
a changing of the pilot in the MS active set. 

71. A method of operating a mobile station (MS) to 
continue a connection between the MS and a communica 
tions network having a plurality of sectors, the MS having 
a MS active set, the network capable of transmitting over 
one or more assumed code channels (ACCs) from at least 
one of the plurality of sectors, the method comprising: 

detecting a potentially failing connection; 

autonomously and dynamically changing one or more 
pilots in the MS active set during a rescue after the MS 
detects the potentially failing connection, each pilot 
corresponding to one of the plurality of sectors; 

searching for one or more ACCs from the sectors corre 
sponding to the pilots in the MS active set; 

discovering one or more ACCs are receivable from at 
least one of the plurality of sectors; and 

continuing the connection when the one or more receiv 
able ACCs are discovered. 

72. A mobile station (MS) for communicating with a 
network, the network having a plurality of sectors capable of 
transmitting one or more assumed code channels (ACCs) for 
use in a rescue, the MS comprising: 

a MS active set; and 

a MS processor programmed for detecting a potentially 
failing connection, autonomously and dynamically 
changing one or more pilots in the MS active set by 
itself during the rescue when the potentially failing 
connection is detected, each pilot corresponding to one 
of the plurality of sectors, searching for one or more 
ACCs from the sectors corresponding to the pilots in 
the MS active set, discovering one or more ACCs 
receivable from at least one of the plurality of sectors, 
and continuing the connection when the one or more 
receivable ACCs are discovered. 

73. The system of claim 37, wherein the acknowledge 
ment failure is detected by detecting that the MS has not 
received an acknowledgement to a message sent by the MS 
after a predetermined number of retransmissions of the 
message by the MS. 

74. The MS of claim 48, wherein the acknowledgement 
failure is detected by detecting that the MS has not received 
an acknowledgement to a message sent by the MS after a 
predetermined number of retransmissions of the message by 
the MS. 


