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(57) ABSTRACT 

In connection with a radio access network that enables 
many-to-many communication between radio network con 
trollers and radio nodes through a packet network, tech 
niques for establishing a primary association between a ?rst 
radio network controller (RNC) and a ?rst radio node (RN), 
establishing a secondary association between the ?rst RNC 
and a second RN, the ?rst RN and the second RN being in 
di?cerent subnets, establishing a ?rst traf?c channel between 
a ?rst access terminal and the ?rst RNC when the ?rst access 
terminal is in an active state in a coverage area of the ?rst 
RN; and maintaining the ?rst traf?c channel between the ?rst 
access terminal and the ?rst RNC as the ?rst access terminal 
moves from the coverage area of the ?rst RN to any portion 
of the coverage area of the second RN while remaining in 
the active state. 
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RADIO NETWORK CONTROL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of and claims 
priority to US. application Ser. No. 10/848,597, ?led on 
May 18, 2004, which is a continuation-in-part application of 
US. application Ser. No. 09/891,103, ?led on Jun. 25, 2001. 
The prior applications are incorporated herein by reference. 

BACKGROUND 

[0002] This description relates to radio network control. 

[0003] High Data Rate (HDR) is an emerging mobile 
wireless access technology that enables personal broadband 
Internet services to be accessed anywhere, anytime (see P. 
Bender, et al., “CDMA/HDR: A Bandwidth-E?icient High 
Speed Wireless Data Service for Nomadic Users”, IEEE 
Communications Magazine, July 2000, and 3GPP2, “Draft 
Baseline Text for lxEV-DO,” Aug. 21, 2000). Developed by 
Qualcomm, HDR is an air interface optimiZed for IP packet 
data services that can deliver a shared forward link trans 
mission rate of up to 2.46 Mbit/ s per sector using only (1X) 
1.25 MHZ of spectrum. Compatible with CDMA2000 radio 
access (TIA/EIA/1S-2001, “Interoperability Speci?cation 
(IOS) for CDMA2000 Network Access Interfaces,” May 
2000) and wireless IP network interfaces (TIA/EIA/TSB 
115, “Wireless IP Architecture Based on IETF Protocols,” 
Jun. 6, 2000, and TIA/EIA/1S-835, “Wireless IP Network 
Standard,” 3rd Generation Partnership Project 2 (3GPP2), 
Version 1.0, Jul. 14, 2000), HDR networks can be built 
entirely on IP technologies, all the way from the mobile 
Access Terminal (AT) to the global Internet, thus taking full 
advantage of the scalability, redundancy and low-cost of IP 
networks. 

[0004] HDR has been adopted by TIA (Telecommunica 
tions Industry Association) as a new standard in the 
CDMA2000 family, an EVolution of the current lxRTT 
standard for high-speed data-only (DO) services, formally 
referred to as HRPD (High Rate Packet Data), also known 
as lxEV-DO or IS-856. 

[0005] IS-856 systems are typically implemented using 
the radio access network architecture shown in FIG. 1. Here 
the Access Terminal (AT) 10 may be a laptop computer, a 
Personal Digital Assistant (PDA), a dual-mode voice/data 
handset, or another device, with built-in IS-856 support. 

[0006] The entire administrative service area of a wireless 
access provider may be divided into one or more subnet 
works (or subnets) 12, 14. Each subnet 12 includes a set of 
Radio Nodes (RN’s) 16, 18 and one or more Radio Network 
Controllers (RNC) 20, 22. The RN’s are connected to RNC’s 
over a backhaul network 24. In existing 2G and 3G wireless 
networks, each RN is connected to only one RNC using 
dedicated leased lines or ATM permanent virtual circuits 
(PVC’s). Further, RNC’s are connected to each other using 
dedicated leased lines or ATM PVC’s. In a new generation 
of IP-based radio access networks, the backhaul can be 
implemented using a shared IP or metropolitan Ethernet 
network which supports many-to-many connectivity 
between RN’s and RNC’s. 

[0007] Each RNC typically controls 25-100 RN’s. Each 
RN typically supports 1-4 carriers each of 1.25 MHZ of 
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bandwidth. Further, each cell area (not shown) is typically 
divided into multiple sectors (typically 3 or 6) and the RN 
has one radio transceiver 27 for each sector. 

[0008] Each RNC is connected over an IP network 26 to 
one or more Packet Data Serving Node’s (PDSN’s) 28 (see 
TIA references cited earlier). The RNC communicates with 
the PDSN over a standard interface termed the RiP (Radio 
Packet) interface 30. The RiP interface is further broken 
into two interfaces: the A10 interface used to carry data and 
the A11 interface used to carry signaling. A PDSN can be 
viewed as an edge router that supports mobility; it maintains 
link layer connectivity to AT’s through the Access Network. 
The PDSN also interfaces to AAA servers 32 for Authenti 

cation, Authorization, and Accounting (AAA). 
[0009] Once an AT connects to the network, it establishes 
session with an RNC and receives a link layer address from 
the RNC. The session represents all the information the 
RNC needs to serve the AT. In IS-856 radio access networks 
as currently de?ned by 3GPP2 in lxEV-DO IOS Phase 1 
(IS-878), each RN is uniquely associated with an RNC and 
each subnet contains only one RNC. As a result, when an AT 
moves from the coverage area of one RNC to the coverage 
area of another, the AT performs a handolf, which includes 
a session transfer. 

[0010] Every time a dormant AT crosses a subnet bound 
ary, the AT initiates a dormant handolf by sending a UAT 
I_Request. The AT recogniZes the need for a dormant 
handolf by monitoring the 128-bit SectorID being broadcast 
by the sectors. All sectors that belong to the same subnet 
have SectorID’s that fall within a certain range. The 128-bit 
Universal Access Terminal Identi?er (UATI) assigned to an 
AT in a given subnet falls within the same range. When the 
AT moves into the coverage area of another subnet, the AT 
compares its UATI with the SectorID being broadcast by its 
serving sector. When these do not belong to the same range, 
the AT knows that it has crossed a subnet boundary and 
initiates the dormant handolf by sending a UATI_Request. 

[0011] A ?rst purpose of a dormant handoif is to inform 
the PDSN to send packets arriving for that AT to the new 
serving RNC. Dormant handolfs involve a relocation of the 
RiP (A10) session from the old serving RNC to the new 
serving RNC. Without such handolfs, the PDSN would send 
packets to an old serving RNC. Since the old serving RNC 
does not know the location of the AT outside its subnet, AT’s 
packets may be lost. 

[0012] A second purpose of a dormant handoif is to 
transfer session information between RNC’s. In IS-856, 
each RNC maintains certain session information about the 
AT. Such session information is needed for communication 
over the air interface. Session information includes the 
Universal Access Terminal Identi?er (UATI), security keys 
for access channel authentication and encryption, and other 
protocol constants. Every time the AT crosses an RNC 
boundary (in this case a subnet), a new UATI needs to be 
assigned to the AT and the remaining session information 
needs to be transferred from the old serving RNC to the new 
serving RNC. Such a transfer requires a network link 
between the RNC’s. Without such session transfer, every 
handoif between RNC’s would result in a new and lengthy 
session establishment, taking up precious air resources and 
causing delays. When the footprint of an RNC is small, 
dormant handolfs occur frequently, resulting in excessive 
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use of airlink resources (for the neW UATI assignment), 
extra processing for the RNC’s to implement the session 
transfer, and extra processing for the RNC and PDSN to 
relocate the A10 connection. 

SUMMARY 

[0013] In CDMA2000 systems, mobility management is 
provided by the Mobile SWitching Center (MSC)/V1sitor 
Location Register (VLR). When an AT provides a location 
update to inform the netWork of its neW location, this 
information is immediately forWarded to the serving MSC. 
Such location updates are provided by the AT When the it 
moves suf?ciently aWay from the sector Where it last pro 
vided a location update. When the PDSN receives a packet 
data for an AT, it sends the packet to the PCP. The PCF, 
recogniZing that no traffic channel exists for this AT, in turn 
informs the RNC that last served this AT. That RNC then 
informs the MSC. The MSC, equipped With location infor 
mation stored in the VLR, requests one or more RNC’s to 
page the AT from a certain set of sectors. Once the AT 
responds With an Origination message to its serving RNC, 
the serving RNC sets up a so-called A8/A9 connection to the 
PCP. Soon after, the PCP starts forWarding the received 
packets to the serving RNC. 

[0014] A similar procedure can be used in IS-856, by 
adding a similar PCF entity 50, as shoWn in FIG. 2. (A 
system like the one described here has been proposed in 
3GPP2 for lxEV-DO IOS Phase 2.) HoWever, since IS-856 
netWorks do not have an MSC, it is necessary to de?ne a 
separate mobility management function (Mobility Manager 
52) responsible for maintaining the location information for 
every AT that is being served by the RNC’s under its control. 
Such a Mobility Manager can be integrated into the PCP, or 
can be a separate netWork entity. Any time the AT provides 
a location update by sending an IS-856 RouteUpdate mes 
sage, its location information is immediately forWarded by 
the serving RNC to the Mobility Manager. When the PDSN 
receives a packet data for an AT, it sends the packet to the 
PCP, Which in turn informs the Mobility Manager. The 
Mobility Manager, equipped With the location information 
requests, either directly or via the RNC that last received a 
location update from the AT, requests one or more RNC’s to 
page the AT from a select set of sectors. Once the AT 
responds With a ConnectionRequest message, the serving 
RNC sets up a so-called A8/A9 connection to the PCP. Soon 
after, the PCP starts forWarding received packets to the 
serving RNC. This approach eliminates the need for relo 
cating the A10 (RiP) session to the PDSN every time the 
AT crosses an RNC boundary, effectively expanding the siZe 
of the subnet to cover multiple RNC’s. 

[0015] The Mobility Manager function does not address 
the session transfer issue described earlier. For this purpose, 
another logical netWork element, a Session Manager 53 is 
introduced. Like the Mobility Manager, a Session Manager 
controls multiple RNC’s, and maintains session information 
for all sessions handled by the RNC’s that it controls. Like 
the Mobility Manager, the Session Manager may be a 
separate netWork element, may be combined With the Mobil 
ity Manager or may be integrated With the PCP. 

[0016] When a neW session is to be established, the 
serving RNC interacts With the Session Manager. The Ses 
sion Manager provides the UATI to be assigned to the AT 
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and stores the session parameters that the serving RNC has 
determined during the key exchange and con?guration 
phases of the session set-up. Whenever the AT establishes a 
neW connection With its serving RNC, the RNC retrieves the 
session information from the Session Manager. In the case 
Where the Session Manager is integrated With the PCP, this 
can be accomplished during the A8/A9 connection set-up 
procedures. The RNC provides the latest session informa 
tion back to the Session Manager When a connection is 
closed. Again, in the case Where the Session Manager is 
integrated With the PCP, this can be accomplished during the 
A8/A9 connection tear-doWn procedures. Additional delays 
are caused by passing of session information back and forth 
betWeen the Session Manager and the RNC during every 
connection set-up. 

[0017] In one aspect, there is a method. The method 
includes, in connection With a mobile Wireless netWork 
including a ?rst and a second radio netWork controller and 
a ?rst and a second radio node, establishing a ?rst session for 
a ?rst mobile access terminal on the ?rst radio netWork 
controller via the ?rst radio node. The method also includes 
establishing a second session for a second mobile access 
terminal on the second radio netWork controller via the 
second radio node and establishing a ?rst traf?c channel 
betWeen the ?rst mobile access terminal and the ?rst radio 
netWork controller. The method also includes sending and 
receiving a ?rst plurality of packets over the ?rst traf?c 
channel, Where the ?rst plurality of packets traveling 
betWeen a ?rst radio node and the ?rst radio netWork 
controller Without passing through the second radio netWork 
controller. The method also includes maintaining the ?rst 
tra?ic channel as the ?rst access terminal moves from a 
coverage area of the ?rst radio node to a coverage area of the 
second radio node, Where a second plurality of packets travel 
betWeen the second radio node and the ?rst radio netWork 
controller Without passing through another radio netWork 
controller. The method also includes establishing a neW 
session for the ?rst mobile access terminal on the second 
radio netWork controller or performing an inter-RNC dor 
mant handolf from the ?rst radio netWork controller to the 
second radio netWork controller When the ?rst access ter 
minal is in a dormant state after moving from a coverage 
area of the ?rst radio node to a coverage area of the second 
radio node. 

[0018] In another aspect, there is a method. The method 
includes, in connection With a mobile Wireless netWork 
including a ?rst and a second radio netWork controller and 
a ?rst and a second radio node, the radio netWork controllers 
each implemented on a chassis-based hardWare platform 
With multiple server cards, establishing a ?rst session for a 
?rst mobile access terminal on the ?rst radio netWork 
controller via the ?rst radio node. The method also includes 
establishing a ?rst traf?c channel betWeen a ?rst mobile 
access terminal and the ?rst radio netWork controller and 
sending and receiving a ?rst plurality of packets over the 
?rst traf?c channel, Where the ?rst plurality of packets travel 
betWeen a ?rst radio node and the ?rst radio netWork 
controller Without passing through any other radio netWork 
controller. The method also includes establishing a second 
tra?ic channel betWeen a second mobile access terminal and 
the second radio netWork controller and sending and receiv 
ing a second plurality of packets over the second traf?c 
channel, Where the second plurality of packets travel 
betWeen the second radio node and the second radio netWork 
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controller Without passing through any other radio network 
controller. The method also includes maintaining the ?rst 
traf?c channel as the ?rst access terminal moves from a 
coverage area of the ?rst radio node to a coverage area of the 
second radio node, a third plurality of packets traveling 
betWeen the second radio node and the ?rst radio netWork 
controller Without passing through another radio netWork 
controller, and maintaining the ?rst session When the ?rst 
mobile access terminal moves to the coverage area of the 
second radio node. 

[0019] In another aspect, there is a computer program 
product, tangibly embodied in an information carrier, and 
adapted to Work in a mobile Wireless netWork including a 
?rst and a second radio netWork controller and a ?rst and a 
second radio node. The computer program product includes 
instructions operable to cause data processing apparatus to 
establish a ?rst session for a ?rst mobile access terminal on 
the ?rst radio netWork controller via the ?rst radio node and 
establish a second session for a second mobile access 
terminal on the second radio netWork controller via the 
second radio node. The computer program product also 
includes instructions that are further operable to cause the 
data processing apparatus to establish a ?rst traf?c channel 
betWeen the ?rst mobile access terminal and the ?rst radio 
netWork controller and send and receive a ?rst plurality of 
packets over the ?rst traf?c channel, Where the ?rst plurality 
of packets travel betWeen a ?rst radio node and the ?rst radio 
netWork controller Without passing through the second radio 
network controller. The computer program product also 
includes instructions that are further operable to cause the 
data processing apparatus to maintain the ?rst traf?c channel 
as the ?rst access terminal moves from a coverage area of 

the ?rst radio node to a coverage area of the second radio 
node, Where a second plurality of packets travel betWeen the 
second radio node and the ?rst radio netWork controller 
Without passing through another radio netWork controller. 

[0020] In another aspect, there is a mobile Wireless net 
Work. The mobile Wireless netWork includes a ?rst radio 
netWork controller, a second radio netWork controller, a ?rst 
radio node, a second radio node, a ?rst mobile access 
terminal, and a second mobile access terminal. The ?rst 
mobile access terminal is associated With a ?rst session 
established on the ?rst radio netWork controller via the ?rst 
radio node and a ?rst traf?c channel established With the ?rst 
radio netWork controller. The ?rst mobile access terminal 
sends and receives a ?rst plurality of packets over the ?rst 
traf?c channel, Wherein the ?rst plurality of packets travel 
betWeen a ?rst radio node and the ?rst radio netWork 
controller Without passing through the second radio netWork 
controller. The second mobile access terminal is associated 
With a second session established on the second radio 
netWork controller via the second radio node. The ?rst traf?c 
channel is maintained as the ?rst access terminal moves 
from a coverage area of the ?rst radio node to a coverage 
area of the second radio node. A second plurality of packets 
travel betWeen the second radio node and the ?rst radio 
netWork controller Without passing through another radio 
netWork controller. 

[0021] Other examples of any of the aspects above can 
include one or more of the folloWing features. A primary 
association can be established betWeen the second radio 
node and the second radio netWork controller. A secondary 
association can be established betWeen the second radio 
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node and the ?rst radio netWork controller. Establishing the 
primary association can include passing PN offset and IP 
address information from the second radio node to the 
second radio netWork controller. Establishing the secondary 
association can include passing PN offset and IP address 
information from the second radio node to the ?rst radio 
netWork controller. The ?rst radio node can broadcast a ?rst 
subnet identi?er. The second radio node can broadcast a 
second subnet identi?er different from the ?rst subnet iden 
ti?er. Each radio node can be individually con?gured With 
its respective subnet identi?er. The radio nodes can each 
obtain its subnet identi?er from its respective radio netWork 
controller With Whom it has established a primary associa 
tion. 

[0022] The ?rst access terminal can monitor the subnet 
identi?er While in the dormant state and trigger the neW 
session establishment or the dormant inter-RNC handolf 
from the ?rst radio netWork controller to the second radio 
netWork controller upon detecting a change in the subnet 
identi?er. The ?rst access terminal can trigger the neW 
session establishment or the dormant inter-RNC handolf 
from the ?rst radio netWork controller to the second radio 
netWork controller by sending a UATI Request message. 

[0023] A primary association can be established betWeen 
a third radio node and the ?rst radio netWork controller. A 
secondary association can be established betWeen the third 
radio node and the second radio netWork controller. The 
third radio node can broadcast a third subnet identi?er 
different from ?rst and second subnet identi?ers associated 
With the ?rst and second radio nodes. The ?rst radio netWork 
controller can assign a neW UATI to the ?rst access terminal 
When it is in the dormant state after moving from a coverage 
area of the ?rst radio node to a coverage area of the third 
radio node. An RNC resource control agent can be employed 
for storing the session information for sessions being served 
by one or more radio netWork controllers. The RNC resource 
control agent can detect a failure of a radio netWork con 
troller and, upon detection of the failure of a radio netWork 
controller, reassign user sessions to remaining radio netWork 
controllers and pass session information to these remaining 
radio netWork controllers. Partial session information can be 
passed that provides a neW radio netWork controller enough 
information about the ?rst access terminal to send a message 
to close the session. 

[0024] A chassis-based hardWare platform With multiple 
server cards can be employed to implement each of the radio 
netWork controllers. An association can be established 
betWeen the second radio node and the ?rst radio netWork 
controller by homing on one of the server cards on the ?rst 
radio netWork controller. An association can be established 
betWeen the second radio node and the second radio netWork 
controller by homing on one of the server cards on the 
second radio netWork controller. A transport-layer connec 
tion, such as TCP or SCTP, can be established for signaling 
betWeen each radio node and the server cards to Which it is 
homed in the radio netWork controllers. Establishing the 
association can include passing PN offset information from 
the second radio node to the server card to Which it is homed. 
The PN offset information can be distributed from the server 
cards receiving the PN offset information to other server 
cards in the chassis-based hardWare platform. The inter 
RNC handolf procedure can comply With an A13 interface 
of a lXEV-DO IOS speci?cation. 
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[0025] Access channel packets can be routed in the ?rst 
and second radio nodes based on a session identi?er asso 
ciated with the ?rst and second access terminals. The session 
identi?er associated with the ?rst access terminal can be 
based on an access terminal identi?er (ATI) based on a 
lxEV-DO standard. The session identi?er associated with 
the second access terminal can be based on a temporary 
mobile subscriber identity (TMSI) based on a cdma2000 
standard. The radio network controllers can include a PDSN 
function. A new session can be established for the ?rst 
mobile access terminal on the second radio network con 
troller or an inter-RNC dormant handolf from the ?rst radio 
network controller to the second radio network controller 
can be performed when the ?rst access terminal is in 
dormant state after moving from a coverage area of the ?rst 
radio node to a coverage area of the second radio node. The 
?rst radio network controller and the ?rst radio node can be 
co-located. The second radio network controller and the 
second radio node can be co-located. 

[0026] Implementations can realiZe one or more of the 
following advantages. By establishing primary or secondary 
associations between all radio nodes and all radio node 
controllers, a radio node controller has the information 
necessary to ?nd and communicate with any radio node on 
the IP backhaul as an access terminal moves from the 

coverage area of one radio node to the coverage area of 
another radio node. This allows the radio network to perform 
normal soft handolf even when the access terminal moves 

into the coverage area of a radio node, whose primary RNC 
is different from the one currently serving the access termi 
nal. This avoids more traditional inter-RNC handolf proce 
dures, which are known to be error-prone and introduce 
additional latencies. One implementation of the invention 
provides all of the above advantages. 

DESCRIPTION 

[0027] FIGS. 1 through 4 show networks. 

[0028] Existing 3G wireless network architectures, includ 
ing the ones discussed above for IS-856, assume a ?xed 
relationship between RN’s and RNC’s. In other words, all 
traf?c ?owing from or to an RN goes through the same RNC. 
This requires complex hierarchical structures to handle 
dormant handolfs between RNC’s and requires frequent and 
delay-prone inter-RNC (soft) handolfs. Fixed associations 
between RN’s and RNC’s are needed in circuit-switched 
voice applications when point-to-point dedicated leased 
lines are used for backhaul connectivity between RN’s and 
RNC’s as illustrated in FIGS. 1 and 2. 

[0029] In the examples that follow, an RNC represents a 
radio network controller directly attached to an IP network. 
Direct attachment means the RNC can send/receive IP 
packets to/from other nodes in the IP network without any 
intermediate processing above the IP layer. An RNC may be 
implemented on a chassis-based hardware platform, which 
may consist of multiple server cards. In this case, the entire 
chassis may be viewed as an RNC directly connected to the 
IP network, and the individual server cards need an inter 
mediate node (or an I/O server card) operating above the IP 
layer to send/receive IP packets to/from other nodes in the 
IP network. In an alternative implementation, individual 
server cards in a chassis-based hardware platform may be 
directly attached to the IP network. In this case the server 
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cards may have individual IP addresses and they may each 
then be viewed as an RNC. An RNC may also be imple 
mented on standalone server hardware, such as a conven 
tional compute server or a blade server. In this case, the 
server may be viewed as the RNC and has an IP address 
visible to other RN’s and RNC’s in the radio access network. 

[0030] IP-Based Radio Access Network Architecture with 
Inter-RNC Signaling 
[0031] First, as shown in FIG. 3, consider the case where 
a set of RNC’s 60 are co-located in a data center and are 
connected together via a high-speed Local Area Network 
(LAN) 62 such as a Gigabit Ethernet LAN. In this case, 
RNC’s connect to the network via LAN interfaces and a 
router 64 provides the connectivity to the external network. 
Such a con?guration can be referred to as an RNC cluster (or 
pool). (The description below describes how the same 
concept can be extended to RNC’s connected over a more 

general IP network, such as a metropolitan-area network.) In 
the past, when the main traf?c type carried through a 
wireless network was circuit-switched voice, such clustering 
using an Ethernet LAN was not feasible. RN’s may connect 
to the router in the data center using dedicated leased lines 
66. It is assumed that RN’s and RNC’s are all IP addressable. 
In other words, any RN served by the cluster can commu 
nicate directly at the IP level with any of the other RNC’s in 
the cluster. 

[0032] In an RNC cluster such as the one described above, 
it is important to avoid any handolf boundaries between 
individual RNC’s so that the entire cluster can behave as if 
that cluster was one big RNC. This would eliminate unnec 
essary handolfs due to mobility, thereby greatly improving 
scalability and reliability. 
[0033] To accomplish this, suppose in one example, an 
IS-856 subnet 70 is de?ned to be the entire footprint of the 
RNC cluster, not the footprint of just one RNC. In other 
words, all the RN’s served by the cluster now belong to the 
same subnet. To simplify the system operation, each RN in 
the subnet is associated (e.g., primary association) with one 
RNC in the cluster. This association is established when an 
RN is ?rst powered. The detailed meaning of this association 
will be explained later. 

[0034] Access Channel Packet Routing 
[0035] Each sector in an RN can transmit to an AT over the 
forward traf?c or control channels 72. Similarly, each sector 
in an RN can receive from an AT over the reverse traf?c or 

access channels 74. The access channel and the reverse 
tra?ic channels are separated by code division multiplexing 
using a Long Code Mask, whereas the control channel and 
the forward traf?c channels are separated by time-division 
multiplexing using a preamble. The preamble identi?es a 
forward link physical layer packet as a control channel 
packet or as a traf?c channel packet associated with a certain 
MAC Index. A MAC Index, an integer between 0 and 63, is 
unique within a sector and is assigned by the RN and RNC 
at the time of traf?c channel establishment. Similarly, the 
Long Code Mask identi?es a reverse link physical layer 
packet as an access channel packet or a speci?c traf?c 
channel packet. The Long Code Mask is based on the AT’s 
UATI for the traf?c channel, and is based on the SectorID of 
the serving sector for the access channel. The sending AT of 
an access channel packet and the recipient AT of a control 
channel packet are indicated in the ATI ?eld of a MAC Layer 
header. 
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[0036] Whenever an RN receives a MAC Layer packet on 
one of its access channels, the RN forwards the packet, 
Without even looking at its content, to its primary (or 
Default) RNC in the cluster With Whom that RN is associ 
ated. As such, When a packet carrying a UATI_Request 
message is received from an AT, the packet is forwarded by 
the receiving RN to the Primary RNC. The RN encapsulates 
the MAC Layer packet in an IP packet (possibly multiplexed 
With MAC Layer packets of other AT’s) With a destination 
IP address equal to an IP address of the serving RNC. The 
IP packet is carried over the backhaul netWork to an aggre 
gation router at the data center and the router forWards the 
packet to the serving RNC over the Ethernet LAN. 

[0037] All access channel packets include an address ?eld 
that identi?es the sending AT. When the sending AT has 
already been assigned a UATI by an RNC, the address ?eld 
contains that UATI. When the sending AT does not yet have 
a UATI, the address ?eld contains a Random Access Ter 
minal Identi?er (RATI), Which is randomly selected by the 
AT. The ?rst tWo bits of the address ?eld indicate Whether 
the address is a UATI or a RATI. 

[0038] When the (Ethernet) I/O subsystem of an RNC 
receives a UATI_Request message from an AT With an 
address ?eld that contains a RATI or an unrecogniZed UATI, 
the RNC assumes the role of the serving RNC to handle the 
session. If the RNC is implemented on a chassis-based 
hardWare platform, it assigns the session to one of its server 
cards. The AT is then assigned a UATI Within some prede 
termined range. This range, Which identi?es the serving 
RNC to all other RNC’s in the cluster, is knoWn by all the 
RNC’s in the cluster, but is not knoWn by the AT. If the RNC 
is implemented on a chassis-based hardWare platform, the 
range of the UATI’s that belong to a certain RNC may 
further be subdivided to identify the server card Within the 
serving RNC that is handling the session. The serving RNC 
also establishes an A10 connection With the PDSN in order 
to facilitate the data transfer betWeen the AT and the PDSN. 
The A10 connection terminates on the server card handling 
the session. 

[0039] While dormant, the AT sends RouteUpdate mes 
sages, as needed, to provide information about its current 
location. This mobility information is maintained at a Mobil 
ity Manager in the serving RNC. Since a subnet covers the 
entire footprint of the RNC cluster, When the AT crosses the 
boundary betWeen tWo RNC’s in the same cluster, the AT 
does not detect a subnet change and therefore does not 
initiate a dormant handoif. But When the AT sends an access 
channel message to an RN that is associated With a different 
RNC (broker RNC) in the cluster, the packet(s) carrying that 
message are sent by the RN to the broker RNC. The U0 
subsystem in the broker RNC examines the address ?eld of 
all arriving access channel packets and reads the UATI. 
From the UATI, the I/O subsystem determines by table 
look-up the identity of the serving RNC and forWards the 
access channel packet to that RNC over the high-speed 
LAN. When the UATI on the access channel packet is served 
by the receiving RNC, it processes the packet locally. If the 
receiving RNC is implemented on a chassis-based hardWare 
platform, its I/O subsystem ?rst determines the server mod 
ule (card) that is handling the UATI (session) and forWards 
the packet to that card using an internal bus of the serving 
RNC. 
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[0040] Page Routing 
[0041] If packet data is received from the PDSN for a 
dormant AT, the packets are forWarded over the A10 inter 
face to a speci?c server card on the serving RNC. That 
server card then looks up the location information for that 
AT. The serving RNC then sends a paging message via a set 
of RN’s that are determined based on the last Route Update 
message received from the AT. The paging message is sent 
via the control channel of one or more sectors that belong to 
the RNC cluster. The RN’s transmitting the paging message 
may not be associated With the serving RNC (i.e., they may 
have a different Primary RNC), but they need to be associ 
ated With one of the RNC’s in the cluster. 

[0042] Connection (Traf?c Channel) Establishment 

[0043] When a serving RNC receives a ConnectionRe 
quest message from the AT, either directly or via a broker 
RNC, it examines the pilot strengths reported by the AT in 
the RouteUpdate message accompanying the Connection 
Request message. To simplify system operation, it is 
assumed that each RN’s radio resources are managed by a 
Radio Resource Control function in the RNC With Whom the 
RN is associated. Furthermore, an RN can exchange signal 
ing only With the RNC With Whom it is associated. There 
fore, When the serving RNC Wants to establish a traf?c 
channel that involves RN’s that are associated With other 
RNC’s, the serving RNC ?rst communicates directly With 
the Radio Resource Control function on those RNC’s to 
check for resource availability. Such communication occurs 
over the high-speed LAN. When su?icient radio resources 
are available, the serving RNC establishes the necessary 
tra?ic channel communication links With the RN’s via the 
RNC’s With Whom these RN’s are associated and sends a 
Traf?cChannelAssignment message to the AT to initiate the 
tra?ic channel set up. Once a tra?ic channel has been 
established, packets ?oW directly betWeen the RN’s and the 
serving RNC Without any involvement of any broker RNC. 
Such direct routing eliminates the delays typically found in 
soft handoif procedures that involve triangular routing 
through another RNC. 

[0044] When a neW tra?ic channel involves an RN that is 
outside the footprint of the RNC cluster (different subnet), a 
similar procedure is implemented. In this case, the serving 
RNC communicates With the RNC’s outside the cluster over 
an IP netWork (a metropolitan-area netWork) to obtain radio 
resources. If the radio resources are available, the serving 
RNC establishes a communication link With that RN by 
exchanging signaling via the RNC’s With Whom these RN’s 
are associated. 

[0045] This method alloWs the serving RNC to maintain 
the traf?c channel, even When the AT moves into the 
coverage area of an RN that is associated With an RNC 
different from the serving RNC. 

[0046] Improved IP-based Radio NetWork Architecture 
Without Inter-RNC Signaling 

[0047] The scheme described so far can be improved in 
couple of areas. First, the triangular routing of access 
channel packets via a broker RNC can be eliminated by 
moving that routing function to the RN’s. This Will reduce 
delays in handling access channel packets, for example 
during traf?c channel set-up, at the expense of some increase 
in processing poWer at the RN. Furthermore, one can 
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eliminate all signaling between RNC’s and instead allow 
RNC’s directly exchange signaling with all RN’s in the 
radio access network. This helps create a simpler network 
architecture, which is easier to deploy and maintain. 

[0048] The Radio Resource Control function can also be 
moved from the RNC’s to the RN’s, thereby further reduc 
ing delays in tra?ic channel set-up procedures. 

[0049] The IP-based radio access network and its 
enhanced version described here both allow exploitation of 
the ?exibilities of IP and metropolitan Ethernet networks 
and result in a more distributed system where an AT may 
remain attached to its serving RNC regardless of its position, 
except when the distance between the AT and the serving 
RNC becomes excessive. To provide these capabilities each 
RN may associate with multiple RNC’ s, possibly with all the 
RNC’s in the IP-based radio access network, but here it is 
not necessary to have one of the RNC’s behave as a primary 
RNC. 

[0050] Avoiding Triangular Routing of Access Channel 
Packets 

[0051] When powered on for the ?rst time, an AT registers 
with the IS-856 network as follows: The AT acquires an 
IS-856 pilot being broadcast by one of the nearby sectors 
and synchronizes with the system. To initiate the session 
establishment, the AT sends a UATI_Request. As before, the 
AT uses a Random ATI (RATI) in the MAC Layer header to 
send this request. 

[0052] The RN examines the address ?eld of the access 
channel packet and recogniZes that the originator of the 
message does not have an assigned UATI and forwards the 
packet to its Primary RNC with whom the RN is associated. 
To examine the address ?eld, the RN ?rst extracts the MAC 
Layer capsule fragments from the received MAC Layer 
packets, and forms the MAC Layer capsule. The RN then 
reads the address ?eld in the MAC Layer header. 

[0053] After receiving the UATI_Request, the Primary 
RNC assumes the role of the serving RNC and assigns a 
UATI to the AT. The primary RNC then proceeds with the 
rest of session establishment, in particular the security key 
exchange and the protocol con?gurations. (An improved 
version of this procedure to increase availability and to 
provide better load balancing is described in more detail 
below.) The RNC also implements the PPP/CHAP proce 
dure to authenticate the AT based on its Network Access 
Identi?er (NAI). There is a one-to-one mapping between the 
NAI and the terminal’s actual IMSI (International Mobile 
Subscriber Identity). This mapping is maintained in anAAA 
(Radius) server (not shown). The AAA server passes the 
AT’s IMSI value to the serving RNC. 

[0054] The PCF function in the serving RNC uses this 
IMSI value to select a PDSN as described in the IS-200l 
standard and establishes anAlO connection to that PDSN. In 
the All Registration message, the PCP function provides the 
IMSI value of the AT along with its own SID/NID/PZID 
identi?er to the PDSN. The AT and the PDSN then set up a 
PPP link, perform Simple IP or Mobile IP set-up and execute 
user-level authentication. 

[0055] Each RN keeps a routing table for the mapping 
between the UATI and the serving RNC. This routing table 
may be provided to the RN by a network management 
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system. As in the previous system, each RNC owns the 
UATI values that fall within a certain range. Whenever the 
RN receives an Access Channel packet, the RN determines 
from the UATI value in the MAC Layer Header the identity 
of the serving RNC, and routes the packet to that RNC by 
placing an IP address of the serving RNC in the destination 
address ?eld of the IP header. This approach allows access 
channel packets to be delivered from any RN directly to the 
serving RNC. 

[0056] Avoiding Handolfs Between RNC’s 

[0057] As before, mobility management for a given AT is 
handled entirely by the serving RNC. The AT is con?gured 
to provide distance-based location update in dormant mode. 
In other words, whenever the serving sector is more than a 
certain distance away from the sector where it last sent a 
RouteUpdate message, the AT sends a new RouteUpdate 
message to the serving sector over the Access Channel. The 
RouteUpdate message is forwarded by the RN to the serving 
RNC which then keeps track of the location of the AT. 

[0058] When the serving RNC wants to page an AT, the 
serving RNC ?rst determines the RN or RN’s from which it 
wants to send the page, depending on the time and position 
indicated in the most recent RouteUpdate message received 
from the AT. It is assumed here that the serving RNC knows 
the IP addresses of all the RN’s in the radio access network. 
The RNC can obtain this information from a network 
management system or directly from the RN’s when they 
associate with the RNC during initial power-up. The serving 
RNC sends the paging message to the appropriate set of 
RN’s directly. These RN’s then page the AT over their 
respective control channels. 

[0059] All sectors in an IS-856 network broadcast in their 
overhead channel their SectorID and Subnet Mask. For a 
relatively small network, one can set the Subnet Mask to 
Zero, thereby implying that the entire network is one big 
subnet. In this scenario, the AT never detects a subnet 
change. Therefore, the AT remains attached to the original 
serving RNC and does not trigger a dormant inter-RNC 
handoff. The A10 connection to the PDSN also remains 
?xed regardless of the position of the AT. 

[0060] If the radio access network covers a geographically 
large area, it may be prudent to force a dormant inter-RNC 
handoff, when the AT moves too far away from the serving 
RNC. This can be triggered by the serving RNC, for 
example, upon receiving a RouteUpdate message from the 
AT. Alternatively, the Subnet Mask can be chosen greater 
than Zero to introduce a subnet boundary between too 
far-away RNC’s. Then, when the AT crosses the subnet 
boundary, a dormant handoff occurs and the A10 connection 
is relocated. Further, the AT is assigned a new UATI and 
session parameters are transferred from the old serving RNC 
to the new serving RNC. 

[0061] Faster Tra?ic Channel Setup Using Distributed 
Radio Resource Control 

[0062] What follows next is a description of how moving 
the Radio Resource Control from the RNC’s to the RN’s and 
establishing a direct signaling link between all the RNC’s 
and the RN’s in the radio access network reduces the set-up 
time for traf?c channels that (in the previous scheme) 
involved multiple RNC’s. Whenever the AT sends a Con 
nectionRequest message over the access channel along with 
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a RouteUpdate message to initiate a new traf?c channel, the 
message is immediately forwarded from the receiving RN to 
the serving RNC. The serving RNC examines the Route 
Update message to determine a likely set of sectors that may 
be included in the Active Set. The serving RNC then 
corresponds directly with the RN’s where these sectors 
reside, to request traf?c channel and backhaul resources. The 
RN’s either decline, or accept and allocate the needed radio 
resources. If resources are available from a suf?cient set of 

RN’s, the serving RNC accepts the traf?c channel request, 
and sends a Traf?cChannel assignment message over the 
Control Channel to the AT. The AT then starts transmitting 
on the Reverse Tra?ic Channel (RTC). Once the RN 
acquires the RTC, an RTCAck message is sent to the AT to 
indicate the acquisition of the RTC signal. The AT then 
responds with a Traf?cChannelComplete message to indi 
cate the completion of the Traf?c channel set-up. 

[0063] In this procedure each RN controls its own radio 
resources, both with respect to hardware resources available 
on the RN, as well as the management of interference across 
its sectors. As a result, the admission control function is split 
between the RN and the serving RNC. RN’s provide local 
admission control for the sectors they control while the 
serving RNC provides a global admission control. Similarly, 
when a sector in a given traf?c channel is inactive for some 
period of time, the sector can initiate the procedure for 
closing the traf?c channel by sending a request to the serving 
RNC to close the traf?c channel. The serving RNC then 
makes a global decision on whether to remove that sector 
from the traf?c channel, close the entire traf?c channel or do 
nothing. 
[0064] Once a tra?ic channel has been setup between the 
AT and a serving RNC, it remains anchored to the serving 
RNC, even when the AT moves into the coverage area of 
other RN’s in the IP-based radio access network. 

[0065] Packet Routing Between RN and RNCiIn More 
Detail 

[0066] When a sector in the RN receives a MAC Layer 
packet on a reverse traf?c channel, the sector forwards the 
packet to an I/O card after adding a Stream Identi?er that 
includes a Connection Identi?er. The U0 card uses the 
Connection Identi?er value to look up the IP address of the 
serving RNC. The U0 card then encapsulates the MAC 
Layer packet together with its Stream Identi?er in an IP 
packet whose destination address is set to the IP Address of 
the serving RNC. If the serving RNC is implemented on a 
chassis-based hardware platform, the I/O module in the 
serving RNC, upon receiving the packet, reads the UATI 
value to determine the server module that handles this 
session. The U0 card then passes the packet along with the 
Stream Identi?er to that server module for further process 
mg. 

[0067] When a sector in the RN receives a MAC Layer 
packet on the access channel, the sector ?rst reads the UATI 
in the ATI ?eld of the MAC Layer Header and then forwards 
the packet to an I/O card after adding a Stream Identi?er that 
includes the UATI of the sending AT along with the serving 
sector’s SectorID. The U0 card in the RN again uses the 
UATI value to look up the IP address of the serving RNC. 
The U0 card encapsulates the MAC Layer packet together 
with its Stream Identi?er in an IP packet whose destination 
address is set to the IP Address of the serving RNC. If the 
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RNC is implemented on a chassis-based hardware platform; 
the I/O module in the serving RNC, upon receiving the 
packet, reads the UATI value to determine the server module 
that serves this session. The U0 card then passes the MAC 
Layer packet along with the Stream Identi?er to that server 
module for further processing. 

[0068] When the serving RNC has a MAC Layer packet 
ready for transmission on a forward traf?c channel, it ?rst 
looks up the IP address of the RN to which to send the 
packet. It then encapsulates the MAC Layer packet together 
with a Stream Identi?er in an IP packet whose destination 
address is set to the IP Address of the RN. The RN, upon 
receiving the packet, reads the SectorID value in the Stream 
Identi?er to determine the sector that will transmit the 
packet. The RN then passes the MAC Layer packet along 
with the Stream Identi?er to the appropriate modem card, 
which schedules the MAC Layer packet for transmission on 
the Forward Link using the MAC Index as the preamble. 

[0069] Similarly, on the forward link, when a serving RNC 
has a MAC Layer packet ready for transmission on the 
Control Channel of a particular sector, the serving RNC 
determines the IP address of the RN to which to send the 
packet. It then encapsulates the MAC Layer packet together 
with its Stream Identi?er in an IP packet whose destination 
address is set to the IP Address of the RN. The RN, upon 
receiving the packet, reads the SectorID value in the Stream 
Identi?er to determine the sector that will transmit the 
packet. The RN then passes the MAC Layer packet along 
with the SectorID and MAC Index to the appropriate modem 
card. The modem card schedules the packet for transmission 
on the control channel. 

[0070] Failure Recovery & Load Balancing 

[0071] The improved IP-based radio access network archi 
tecture described earlier can be further extended to increase 
the overall reliability of the wireless network. 

[0072] Failure Recovery Without Session Preservation 

[0073] First, consider an approach where each RN, upon 
power-up, ?rst communicates with a primary RNC Resource 
Control Agent who may reside in one or more of the RNC’s 
or may reside on a separate compute engine or server. The 
primary Resource Control Agent assigns each RN to a 
Primary RNC. The RN then routes all new session requests 
to that Primary RNC. 

[0074] When an RNC becomes completely unreachable 
due to some failure, all AT’s that are being served by that 
RNC will ultimately recogniZe that their IS-856 sessions 
have been lost. Each of these AT’s will initiate a new session 
by sending a UATI_Request over the Access Channel. Every 
RN who receives one of these requests will route them to its 
primary RNC. If at any time, the RN cannot reach its 
primary RNC, the RN will immediately request a new 
primary RNC from the primary RNC Resource Control 
Agent. If the primary RNC Resource Control Agent is also 
not reachable, the RN will send a similar request to a 
secondary RNC Resource Control Agent. Once the UAT 
I_Request is received by the Primary RNC, the Primary 
RNC will immediately establish a new IS-856 session with 
the AT and will further initiate the procedure to set up a new 
A10 connection with a PDSN. 

[0075] Assignment of a new Primary RNC may also be 
initiated by the RNC Resource Control Agent. This can be 
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accomplished by having the RNC Resource Control Agent 
continuously monitor the health of all the RNC’s in the 
subnetWork. Upon detecting the failure of an RNC, the RNC 
Resource Control Agent immediately communicates With all 
affected RN’s and assigns them to neW Primary RNC’s. In 
assigning RN’s to Primary RNC’s, the RNC Resource 
Control Agent may perform load balancing to ensure that 
user sessions are evenly distributed across all available 
RNC’s. 

[0076] Load Balancing Session Assignment 

[0077] The above method can be further enhanced by 
making the RNC Resource Control Agent ultimately respon 
sible for assigning user sessions to RNC’s. In this case, When 
a primary (or Default) RNC or possibly the RN itself 
receives a neW UATI_Request, the Primary RNC (or the 
RN) asks the RNC Resource Control Agent to assign the 
session to an RNC. The RNC Resource Control Agent 
assigns the session to an RNC based on resource availability, 
loading and the distance betWeen the RNC and the RN 
presently serving the AT. This approach provides better load 
balancing among RNC’s, alloWing user sessions to be dis 
tributed across RNC’s more dynamically, While also taking 
into account the current position of the AT. In case of an 
RNC failure, all neW session requests Will arrive at the RNC 
Resource Control Agent Who Will then assign these sessions 
to neW RNC’s, again based on loading and other consider 
ations. 

[0078] The RNC Resource Control Agent may also be 
used to trigger dormant handolfs for load balancing or other 
purposes. In Phase 1 IS-856 netWorks, a dormant inter-RNC 
handolf is alWays triggered by the AT upon detection of a 
subnet change. As described above, lack of an immediate 
dormant handolf may result in lost paging data. 

[0079] In the improved IS-856 netWorks shoWn in FIGS. 
3 and 4, a dormant handolf can be initiated by the netWork 
based on the location of the AT. Upon receipt of a Route 
Update, When a serving RNC determines that a transfer of a 
user session to another RNC is desired (for load balancing 
or other reasons), the serving RNC sends a Dormant Handolf 
request to the RNC Resource Control Agent Who assigns the 
session to a neW RNC. The neW serving RNC then assigns 
a neW UATI and performs a session transfer from the 
previous serving RNC. 

[0080] In a more distributed implementation of the RNC 
Resource Control Agent concept, RNC’s can constantly 
communicate With the RN’s and other RNC’s to provide 
routing information (including their loading) to all the RN’s, 
thereby alloWing the RN’s to route incoming session 
requests to the correct RNC Without going through a RNC 
Resource Control Agent. For example, each RN may have a 
preferred RNC list and Whenever it needs to assign a neW 
session to an RNC, it selects one of the RNC’s in this list 
according to some algorithm (pseudo-random selection, 
round-robin, etc.) If an RNC in the preferred list Were to 
become unavailable, the RN Would detect this (KeepAlive 
messaging can be used betWeen RN’s and RNC’s to help the 
RN detect an RNC failure), and remove that RNC from its 
preferred list. A draWback of this approach is that some 
backhaul signaling traf?c Would be created as a result of 
exchanging such dynamic loading information. 
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[0081] Failure Recovery With Session Preservation 

[0082] In some netWorks, it may be necessary to recover 
user session information in case of an RNC failure. This 
Would eliminate the air link congestion that hundreds of neW 
session requests could create shortly after an RNC failure. In 
order to preserve sessions in case of failure of an RNC, a 
copy of such information (for all sessions in the subnetWork) 
can be stored in the RNC Resource Control Agent. 

[0083] When an RNC fails and the AT initiates a neW 
session, its neW session request Will reach the RNC 
Resource Control Agent. The RNC Resource Control Agent 
then not only assigns a neW serving RNC to each session, but 
also provides the session information thereby avoiding 
lengthy session establishment procedures. Once a neW UATI 
is successfully assigned to the AT, communication With the 
netWork may resume. The RNC Resource Control Agent 
further provides information related to the A10 interface, in 
order to alloW the RNC establish an A10 session With the 
same PDSN, thereby avoiding the setting up of neW PPP and 
Mobile/Simple IP sessions. 

[0084] In a chassis-based RNC, the RNC Resource Con 
trol Agent may run on a speci?c redundant card, With a hot 
standby. The RNC Resource Control Agent is then respon 
sible for storing session information. In case a server module 
fails, the session is internally reallocated to another server 
module. In principle, the operation of this system is the same 
as the one operating across the netWork. Moreover, in this 
case, it is not necessary to reestablish the A10 session to the 
PDSN, since the external IP address of the PCP seen by the 
PDSN can be maintained. 

[0085] Integrated RNC & PDSN 

[0086] Another bene?t of the IP-based radio access net 
Work architecture described above is the ability to combine 
the RNC and PDSN functions in a single netWork element. 
In hierarchical 3G packet data netWorks, a PDSN represents 
the highest point in the hierarchy, and therefore can support 
multiple RNC’s. A neW generation of PDSN’s are expected 
to supports hundreds of thousands of users, and several 
RNC’s. 

[0087] In existing radio access netWorks With dedicated 
point-to-point links betWeen RN’s and RNC’s, migrating the 
PDSN function to the RNC Would be undesirable, because 
this Would reduce the number of sessions that could be 
supported, resulting in frequent costly handolfs betWeen 
PDSN’s that involve neW PPP and Simple/Mobile IP regis 
trations. 

[0088] In the IP-based radio access netWork architecture 
described here handolfs betWeen RNC’s occur much less 
frequently therefore alloWing the integration of the PDSN 
function into the RNC. Since an active call can alWays be 
served by the same RNC, inter-PDSN handolfs are normally 
not required during an active call. Such an approach also 
simpli?es the netWorking betWeen the RNC and the PDSN, 
and further increases scalability and reliability. 

[0089] In an RNC With an integrated PDSN, the PDSN 
functionality includes PPP termination, Simple IP and/or 
Mobile IP foreign agent and the AAA client functions. As 
long as the AT remains Within a subnet (say an RNC cluster), 
no inter-PDSN handolfs Would be required. 
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[0090] If an integrated RNC/PDSN fails, all sessions 
supporting an AT (including the air interface, PPP and 
Simple/Mobile IP sessions) are transferred to another RNC/ 
PDSN thereby avoiding any neW session establishment 
betWeen the AT and the Wireless netWork. 

[0091] It is also possible to integrate the RNC/PDSN With 
the RN. In this case, the RNC/PDSN functionality may be 
co-located With the RN in the same site, or even in the same 
enclosure. 

[0092] IP-based Radio Access Network Architecture With 
Primary/Secondary RNC Association 

[0093] Each RN has a primary (e.g., default) RNC With 
Which the RN associates (e.g., establishes a primary asso 
ciation), as described above. Using the backhaul netWork 80, 
each RN may also associate With one or more other RNC’s 
in the IP RAN, and these RNC’s are referred to as secondary 
RNC’s for that RN (e.g., establishes a secondary associa 
tion). To associate With an RNC, the RN provides sufficient 
information about itself to the secondary RNC’s to alloW 
these RNC’ s to communicate With AT’s via that RN. Further, 
to support signaling exchanges betWeen the RN and sec 
ondary RNC’s, signaling connections are established 
betWeen them. The RNC also distinguishes betWeen primary 
RN’s and secondary RN’s. Primary RN’s are those that have 
a primary association With that RNC. The establishing of 
secondary associations can be performed, for example, When 
an RN poWers up. 

[0094] When an RN receives an access channel packet 
from an AT, the RN forWards the packet blindly to its 
primary RNC. A dormant AT in the coverage area of an RN 
is served by the primary RNC of that RN. In a basic 
implementation, all RN’s that share the same primary RNC 
belong to the same lxEV-DO subnet. When the AT crosses 
a subnet boundary, the AT sends a UATI-Request to its 
serving RN, Who then forWards the request to its primary 
RNC. Since this UATI is not served by that RNC, that RNC 
initiates the normal procedures for dormant inter-RNC hand 
oif With the old serving RNC according to the A13 interface 
de?ned in lxEV-DO IOS. The neW RNC also performs an 
A10 handolf. In summary, this method does preserve the 
dormant handolf boundaries betWeen RNC’s. 

[0095] It is also possible to alloW RN’s that belong to 
different lxEV-DO subnets to share the same primary RNC. 
In this case, When the AT sends a UATI-Request upon 
crossing a subnet boundary, the message gets forWarded to 
the same primary RNC that is currently serving the AT 
(because the same RNC is the primary RNC for RN’ s in both 
subnets). The primary RNC, recogniZing that it is already 
serving this UATI, can then proceed With a UATI assignment 
Without an A13 procedure or an A10 handoif. 

[0096] When the primary RNC receives an incoming data 
over an A10 connection for a dormant AT, the primary RNC 
proceeds With the paging procedure as usual. The paging 
message is again sent via all RN’s that have this RNC as the 
primary RNC, or a subset thereof. 

[0097] When a serving RNC receives a traf?c channel 
request message from an AT requesting the set up of a traf?c 
channel, the serving RNC ?rst examines the Route Update 
message to determine the pilots that are needed and ?nds the 
RN’s Where these pilots are located. The serving RNC then 
contacts these RNs to set up the traf?c channel as usual. The 
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primary/ secondary association alloWs the RNC to map the 
PN offsets of the requested pilots to RN’s IP addresses and 
use the pre-established signaling connection With these RN’ s 
to set up all handolf legs. Once an active traf?c channel is 
established, the serving RNC remains anchored as the RNC 
for that traf?c channel. The serving RNC adds and removes 
RNs as the AT moves through coverage areas using the 
secondary associations of the RNs. 

[0098] For example, as an AT ?rst communicates With a 
?rst RN, that RN, as described above, forWards a request to 
its primary RNC (i.e., the RNC With Which the ?rst RN has 
a primary association). Once a traf?c channel is established, 
the primary RNC remains the serving RNC for that entire 
tra?ic channel as the AT travels from the coverage area of the 
?rst RN to the coverage area of a second RN, even though 
that second RN does not have a primary association With the 
serving RNC. This alloWs the user activity (e.g., phone call, 
data transfer) to continue uninterrupted. While the AT is 
moving from the coverage area of the ?rst RN to the 
coverage area of the second RN, the AT communicates the 
pilot strength information for the second RN to the serving 
RNC by sending a RouteUpdate message. As in normal soft 
handoif betWeen RN’s that have the same primary RNC, this 
communication occurs While the AT is still using the ?rst 
RN. Upon reception of the RouteUpdate message, the serv 
ing RNC can communicate With the second RN because of 
the established secondary association, Which, as described 
above, includes information such as the PN offset of the pilot 
signal and the IP address of the RN, to alloW the serving 
RNC to contact the second RN and establish a communi 
cation channel. One appealing aspect of the handoif proce 
dure above is that it Works just like normal soft handoif. The 
only difference is the secondary association betWeen RN’s 
and RNC’s, Which alloW the RNC to set up a traf?c channel 
With RN’s With Whom it does not have a primary associa 
tion. 

[0099] Since RN’s alWays forWard their access channel 
packets to their primary RNC, there is no longer a need for 
the RN to perform access channel packet routing based on 
UATI. This greatly simpli?es the implementation of the 
IP-based radio access netWork. 

[0100] Chassis-Based Systems 

[0101] The concepts described above can also be used in 
chassis-based systems by, for example, treating each server 
card as an IP addressable RNC or each modem card as an IP 
addressable RN. The logical operation of the system is 
unchanged. 

[0102] HoWever, in large netWorks With many server 
cards, treating each server card as an independent RNC may 
result in too many RNC’s, Which in turn can create many 
signaling connections and RN-to-RNC associations. One 
Way to hide this complexity is to treat the entire chassis as 
an IP addressable RNC and handle intra-chassis communi 
cation using intemal protocols. Again the concepts described 
above can be used in the same fashion, and the logical 
operation of the RNC and RN are unchanged When vieWed 
from the outside. The folloWing description describes in 
more detail hoW these concepts impact the internal operation 
of a chassis-based RNC. 

[0103] In some of the examples above, When an RN 
associates With its primary or default RNC, a signaling 
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connection is established between the RN and RNC. In a 
chassis-based system, one of the server cards may assume 
the responsibility for performing the association and termi 
nating the signaling connection. This means, When a neW 
RN Wants to associate With an RNC, the RN is internally 
assigned (homed on) to one of the server cards. Subse 
quently, all signaling betWeen the RNC and the RN is 
performed via that server card. In the IP-based radio access 
netWork architecture With inter-RNC signaling, a chassis 
based RNC can discover other RNC’s, including the PN 
o?fsets these RN’s serve and the UATI space they control, 
using an inter-RNC topology manager, Which may reside in 
a system controller (SC) card. System controller card com 
municates With the server cards to learn the necessary 
information about the RN’s to pass onto other RNC’s. 

[0104] When an RN forWards a received AC packet to a 
chassis-based RNC, the packet is ?rst intercepted by an I/O 
card, Which inspects the UATI address in the AC packet, 
determines the server card serving that UATI and forWards 
the packet to that server card. When the UATI is served 
locally, the I/O card determines the speci?c server card, 
Which is serving the UATI and forWards the packet to that 
server card. To perform such forWarding, the I/O card 
maintains tables that map UATI addresses to RNC’s and 
further maps local UATI addresses to server cards. 

[0105] When a server card in a chassis-based RNC 
receives a request for a traf?c channel set up from an AT, the 
server card ?rst determines from the RouteUpdate message 
the set of RN’s Whose pilots are needed for the active set by 
mapping the received PN o?fsets to RN IP addresses. The 
server card then exchanges signaling directly With those 
RN’s that are homed on that server card to establish the 
needed traf?c channel legs. For other RN’s that are homed 
on the same RNC chassis, if there are any, the server card 
?rst determines the server cards Where those RN’s are 
homed. The server card contacts these server cards sharing 
the same chassis, Which in turn contact the RN’s to establish 
a traf?c channel leg. For other RN’s that are homed on other 
RNC chassis, the server card contacts these RNC’s. The U0 
card in these RNC’ s then route the request to the server cards 
Where the RN’s are homed on. These server cards then 
contact the RN’s to establish the needed traf?c channel legs. 

[0106] Since direct IP communication is possible betWeen 
all RN’s and RNC’s in the IP RAN, all traf?c channel legs 
operate directly betWeen the RN’s and the serving RNC. 
When the I/O card of a chassis-based RNC receives a traf?c 
channel packet, the I/O card forWards the packet to the 
server card Where the traf?c channel is being handled based 
on a unique connection identi?er. 

[0107] The chassis-based RNC can maintain communica 
tion With an AT, even When the AT is in the coverage area of 
an RN for Which it is not the primary RNC. All user traf?c 
?oWs directly betWeen the RN’s and the serving RNC. When 
a dormant AT travels across the entire IP RAN, an inter-RNC 
handolf is not required (although possible), since the serving 
RNC can page an AT via any RN in the IP RAN. 

[0108] In the IP-based radio access netWork architecture 
With inter-RNC signaling, there is discovery and communi 
cation betWeen the RNC’s via the System Controller cards, 
as described above. This architecture can also result in 
triangular routing of access channel packets When the pri 
mary RNC is not the serving RNC, and packets are routed 

May 3, 2007 

via the I/O card of another chassis-based RNC. Also, the 
failure of an RNC server card results in the failure of all 
RN’s Who are homed on it. If the entire RNC chassis fails, 
all primary RN’s are lost. 

[0109] In the improved IP-based radio access netWork 
architecture Without inter-RNC signaling, the RN associates 
With multiple RNC’s in the IP RAN and maintains a table to 
map a UATI address to the serving RNC. In this approach, 
RN’s may be con?gured With the subnet information, While 
in the other methods With a primary RNC this information 
may be supplied by the primary RNC. The RN also main 
tains a signaling connection With multiple RNC’s in the IP 
RAN. All signaling noW terminates in one of the server cards 
on the chassis-based RNC, Which is assigned to home that 
RN. The RN provides information about itself, including its 
IP address to the server card Where it is homed. This server 
card in turn distributes the information to all other server 
cards in the chassis-based RNC. 

[0110] In these examples, When the RN receives an access 
channel packet from an AT, the RN inspects the UATI 
address ?eld, determines the IP address of the serving RNC 
from its table, and then forWards the packet to that RNC. The 
U0 card in the chassis-based RNC intercepts the packet, 
identi?es the packet as an access channel packet, inspects 
the UATI address, and routes the packet to the server card 
handling this AT. In tra?ic channel set up, the server card 
directly contacts those RN’s, Which are homed on the server 
card to request the set up of a traffic channel leg. For other 
RN’s, the server card ?rst determines the other server card 
Where the RN is homed, and contacts that other server card 
Who in turn contacts the RN to set up the traf?c channel leg. 
In this approach, RNC’s can behave as autonomous entities 
With no inter-RNC communication, except to handle pos 
sible inter-RNC handolfs to optimiZe routing. HoWever, 
there is inter-card communication to handle homing. 

[0111] Even though triangular routing betWeen RNC chas 
sis have been eliminated there can be indirect routing inside 
the chassis, if all packets travel via the I/O card, Which 
performs a higher-layer routing function. The failure of a 
server card results in the failure of the RN’s that are homed 
on it. These RN’s can no longer serve any of the sessions 
that reside on the RNC, even those that are still alive on 
server cards other than the failed server card. Such problems 
do not occur When each server card in the chassis behaves 
as an IP addressable RNC. In this case, packets are routed 
directly betWeen RN and RNC server cards and failure of a 
server card does not impact RN’s or other server cards. 

[0112] In IP-based radio access netWork architecture With 
primary/ secondary association, a set of chassis-based RNC’s 
are connected to a set of RN’s via an IP backhaul netWork 
and there are primary or secondary associations betWeen all 
of the RNs and all of the RNCs. 

[0113] Each RN has a primary chassis-based RNC With 
Which the RN associates as described above. Each RN also 
associates With other chassis-based RNC’s in the IP RAN, 
and these are referred to as secondary RNC’s for that RN. 
The RN provides sufficient information about itself to the 
secondary RNC’s to alloW these RNC’s to communicate 
With AT’s via that RN. Further, to support signaling 
exchanges betWeen the RN and secondary RNC’s, signaling 
connections are established betWeen the RN and its second 
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ary RNC’ s. In each case, the association between the RN and 
the chassis-based RNC is handled via one of the server cards 
in the RNC chassis. 

[0114] Access channel packets that are blindly forwarded 
by the RN to its primary RNC are intercepted by the I/O 
card, which inspects the UATI ?eld and forwards the packet 
to the server card currently handling that UATI. A dormant 
AT in the coverage area of an RN is served by a server card 
in the primary RNC of that RN. All RN’ s that share the same 
primary RNC belong to the same lxEV-DO subnet. When 
the AT crosses a subnet boundary, the AT sends a UATI 
Request to its serving RN, who then forwards the request to 
its primary RNC. Since this UATI is not served by that RNC, 
the I/O card after inspecting the UATI ?eld, forwards the 
request to any one of its server cards. A server card can then 
initiate the normal procedures for dormant inter-RNC hand 
oif with the old serving RNC according to the A13 interface 
de?ned in lxEV-DO IOS. The new server card also performs 
an A10 handoif. 

[0115] It is also possible to allow RN’s that belong to 
different lxEV-DO subnets to share the same primary RNC. 
In this case, when the AT sends a UATI-Request upon 
crossing a subnet boundary, the message gets forwarded to 
the same primary RNC that is currently serving the AT 
(because the same RNC is the primary RNC for RN’s in 
different subnets). By inspecting the UATI address, the I/O 
card in the primary RNC can forward the packet to the server 
card that is currently serving that UATI, and that server card 
can then proceed with a UATI assignment without an A13 
procedure or an A10 handolf. 

[0116] When the primary RNC receives incoming data 
over anA10 connection for a dormant AT, the packet is again 
intercepted by the I/O card, which, after inspection forwards 
the packet to the server card handling that A10 link. The 
server card then proceeds with the paging procedure as 
usual. The paging message is again sent via all RN’s that 
have this RNC as the primary RNC, or a subset thereof. 

[0117] When a server card receives a traf?c channel 
request message from an AT requesting the set up of a traf?c 
channel, the server card examines the Route Update message 
to determine the pilots that are needed and ?nds the other 
server cards that are currently handling these pilots. The 
server card contacts these other server cards, which in turn 
contact the RNs to set up the tra?ic channel as usual. The 
primary/ secondary association allows the server card to map 
the PN offsets of the requested pilots to identi?ers for the 
server cards where the RN’s are homed and use the pre 
established signaling connection through these homed RN’s 
to set up all handolf legs. 

[0118] The description above can be further extended to 
increase reliability in case of a server card failure. In some 
examples, when a server card fails, all user sessions served 
by that card are also lost. This means the user may remain 
unreachable for a considerable amount of time. The user 
may also be unaware that he/she is unreachable. To prevent 
this, when a user session is ?rst established a copy of the 
session state information is stored on a separate card, for 
example, the system controller card. Session information 
includes various protocol con?gurations, mobility informa 
tion, UATI, etc. When the session parameters change, the 
session information on the system controller card is updated. 

[0119] The system controller card uses a heartbeat signal 
ing mechanism to detect the failure of a server card and 
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assigns the session to any one of the remaining server cards. 
The new server card may reassign the UATI to ensure that 
the new server card has connectivity with the AT. In this 
method, using just one extra server card in a load-balanced 
N+1 redundancy con?guration will ensure that there is 
enough headroom to reassign the sessions on the failed 
server card. 

[0120] Even though some of the techniques described 
above employ the lxEV-DO air interface standard, the 
techniques are equally applicable to other CDMA and non 
CDMA air interface technologies. In this case, the link layer 
address (ATI) could be something different from ATI used in 
lxEV-DO (e.g., TMSI in cdma2000), and other RN Zones, 
such as paging Zones, PCF Zones, etc, could be used instead 
of lxEV-DO subnets. Other embodiments are within the 
scope of the following claims. 

1. A method comprising: 

in connection with a radio access network that enables 
many-to-many communication between radio network 
controllers and radio nodes through a packet network, 

establishing a primary association between a ?rst radio 
network controller and a ?rst radio node and estab 
lishing a secondary association between the ?rst 
radio network controller and a second radio node, the 
?rst radio node and the second radio node being in 
different subnets; 

establishing a ?rst traf?c channel between a ?rst access 
terminal and the ?rst radio network controller when 
the ?rst access terminal is in an active state in a 
coverage area of the ?rst radio node; and 

maintaining the ?rst traf?c channel between the ?rst 
access terminal and the ?rst radio network controller 
as the ?rst access terminal moves from the coverage 
area of the ?rst radio node to any portion of the 
coverage area of the second radio node while 
remaining in the active state. 

2. The method of claim 1, wherein: 

packets passing between the ?rst access terminal and the 
?rst radio network controller on the ?rst traf?c channel 
do not pass through any other radio network controller. 

3. The method of claim 1, further comprising: 

establishing a primary association between a second radio 
network controller and the second radio node; and 

performing an inter-radio network controller dormant 
handoif from the ?rst radio network controller to the 
second radio network controller when the ?rst access 
terminal is in a dormant state in any portion of the 
coverage area of the second radio node. 

4. The method of claim 1, wherein: 

establishing the primary association comprises passing 
PN offset and IP address information from the ?rst 
radio node to the ?rst radio network controller; and 

establishing the secondary association comprises passing 
PN offset and IP address information from the second 
radio node to the ?rst radio network controller. 

5. The method of claim 1, further comprising: 

receiving, from the ?rst access terminal, a UATI_Request 
message upon a detection, by the ?rst access terminal, 
of a change in a subnet identi?er; and 
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triggering the inter-radio network controller dormant 
handolf from the ?rst radio network controller to the 
second radio network controller in response to receipt 
of the UATl_Request message. 

6. The method of claim 1, further comprising: 

establishing a primary association between the ?rst radio 
network controller and a third radio node, the third 
radio node and the ?rst radio node being in different 
subnets. 

7. The method of claim 6, further comprising: 

broadcasting, by the ?rst radio node, a ?rst subnet iden 
ti?er; and 

broadcasting, by the third radio node, a third subnet 
identi?er different from the ?rst subnet identi?er. 

8. The method of claim 6, further comprising: 

receiving, from the ?rst access terminal, a UATl_Request 
message upon a detection, by the ?rst access terminal, 
of a change in a subnet identi?er; and 

without triggering an inter-radio network dormant hand 
olf, assigning, by the ?rst radio network controller, a 
new UATI to the ?rst access terminal when the ?rst 
access terminal is in dormant state after moving from 
the coverage area of the ?rst radio node to any portion 
of a coverage area of the third radio node. 

9. The method of claim 1, further comprising: 

employing a chassis-based hardware platform with mul 
tiple server cards to implement each of the radio 
network controllers. 

10. The method of claim 9, further comprising: 

establishing the primary association between the ?rst 
radio node and the ?rst radio network controller by 
assigning the ?rst radio node to one of the server cards 
on the ?rst radio network controller; and 

establishing a primary association between the second 
radio node and the second radio network controller by 
assigning the second radio node to one of the server 
cards on the second radio network controller. 

11. The method of claim 10, wherein establishing the 
primary association comprises passing PN offset informa 
tion from each radio node to the server card of the radio 
network controller to which it is assigned, the method 
further comprising: 

distributing the PN offset information from the server 
cards receiving the PN offset information to other 
server cards in the chassis-based hardware platform. 

12. The method of claim 10, further comprising: 

establishing a transport-layer connection for signaling 
between each radio node and the server cards to which 
it is assigned in the radio network controllers. 

13. A computer program product, tangibly embodied in an 
information carrier, and adapted to work in a radio access 
network that enables many-to-many communication 
between radio network controllers and radio nodes through 
a packet network, the computer program product comprising 
instructions operable to cause data processing apparatus to: 

establish a primary association between a ?rst radio 
network controller and a ?rst radio node and establish 
a secondary association between the ?rst radio network 
controller and a second radio node; 
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establish a ?rst tra?ic channel between a ?rst access 
terminal and the ?rst radio network controller when the 
?rst access terminal is in an active state in a coverage 
area of the ?rst radio node; and 

maintain the ?rst traf?c channel between the ?rst access 
terminal and the ?rst radio network controller as the 
?rst access terminal moves from the coverage area of 
the ?rst radio node to any portion of the coverage area 
of the second radio node while remaining in the active 
state. 

14. The computer program product of claim 13, wherein 
the instructions are further operable to cause the data pro 
cessing apparatus to: 

pass packets between the ?rst access terminal and the ?rst 
radio network controller on the ?rst tra?ic channel 
without requiring the packets to pass through any other 
radio network controller. 

15. The computer program product of claim 13, wherein 
the instructions are further operable to cause the data pro 
cessing apparatus to: 

establish a primary association between a second radio 
network controller and the second radio node. 

16. The computer program product of claim 15, wherein 
the instructions are further operable to cause the data pro 
cessing apparatus to: 

receive, from the ?rst access terminal, a UATI Request 
message upon a detection, by the ?rst access terminal, 
of a change in a subnet identi?er; and 

perform an inter-radio network controller dormant hand 
off from the ?rst radio network controller to a second 
radio network controller when the ?rst access terminal 
is in a dormant state in any portion of the coverage area 
of the second radio node. 

17. The computer program product of claim 13, wherein 
the instructions are further operable to cause the data pro 
cessing apparatus to: 

establish a primary association between a ?rst radio 
network controller and a third radio node, the third 
radio node and the ?rst radio node being in different 
subnets. 

18. The computer program product of claim 17, wherein 
the instructions are further operable to cause the data pro 
cessing apparatus to: 

receive, from the ?rst access terminal, a UATl_Request 
message upon a detection, by the ?rst access terminal, 
of a change in a subnet identi?er; and 

assign, by the ?rst radio network controller, a new UATI 
to the ?rst access terminal when the ?rst access termi 
nal is in dormant state in any portion of a coverage area 
of the third radio node. 

19. A system comprising: 

a packet network that enables many-to-many communi 
cation between radio network controllers and radio 
nodes; 

a ?rst radio network controller having a primary associa 
tion with a ?rst radio node and a secondary association 
with a second radio node, the ?rst radio node and the 
second radio node being in different subnets; and 
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wherein the ?rst radio node establishes a ?rst traf?c 
channel With a ?rst access terminal When the ?rst 
access terminal is in an active state in a coverage area 

of the ?rst radio node, and maintains the ?rst traf?c 
channel With the ?rst access terminal When the ?rst 
access terminal moves from the coverage area of the 
?rst radio node to any portion of the coverage area of 
the second radio node While remaining in the active 
state. 

20. The system of claim 19, Wherein: 

the ?rst radio node forwards packets from the ?rst access 
terminal to the ?rst radio netWork controller on the ?rst 
tra?ic channel Without requiring the packets to pass 
through any other radio netWork controller. 

21. The system of claim 19, further comprising: 

a second radio netWork controller having a primary asso 
ciation With the second radio node; 
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Wherein the second radio netWork controller triggers an 
inter-radio netWork controller dormant handolT With the 
?rst radio netWork controller in response to a receipt of 
a UATl_Request message from the ?rst access terminal 
When the ?rst access terminal is in a dormant state in 
any portion of the coverage area of the second radio 
node. 

22. The system of claim 19, Wherein the ?rst radio 
netWork controller has a primary association With a third 
radio node, the ?rst radio node and the third radio node being 
in di?cerent subnets; and 

Wherein the ?rst radio netWork controller assigns a neW 
UATI to the ?rst access terminal in response to a receipt 
of a UATl_Request message from the ?rst access 
terminal When the ?rst access terminal is in a dormant 
state in any portion of a coverage area of the third radio 
node. 


