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PRIORITIZATION TECHNIQUES FOR QUALITY OF SERVICE PACKET
TRANSMISSION OVER EV-DO NETWORK

TECHNICAL FIELD

[0001] The disclosure relates to wireless communication and, more particularly,

wireless packet transmission in compliance with a IX EV-DO network or a similar

network that does not inherently support quality of service (QoS) at the media access

control (MAC) level.

BACKGROUND

[0002] In a wireless communication network, base stations typically provide network

access to mobile devices (sometimes referred to as subscriber units). A mobile device

generally refers to any wireless device used by an end user, such as a mobile

radiotelephone or similar device. Mobile devices communicate with base stations over

the communication network in order to communicate with other devices through the

base stations. Base stations are generally stationary equipment that wirelessly

communicate with the mobile devices to provide the mobile devices with access to a

wired telecommunication network. For example, the base stations may provide an

interface between the mobile devices and a public switched telephone network (PSTN)

such that telephone calls can be routed to and from the mobile devices. Additionally,

the base stations may be coupled to a packet-based network for transmission of packet-

based voice information or packet-based data.

[0003] A number of different wireless communication techniques have been developed

for communication between mobile devices and base stations. Examples include

frequency division multiple access (FDMA) techniques, time division multiple access

(TDMA) techniques and various spread spectrum techniques. A number of wireless

communication standards have been developed using these and other techniques. One

very common spread spectrum technique used in wireless communication is code

division multiple access (CDMA) signal modulation in which multiple communications

are simultaneously transmitted over a spread spectrum radio-frequency (RF) signal.

CDMA utilizes orthogonal codes to generate spread spectrum signals that can be

simultaneously transmitted by several sending devices on the network, and extracted by

receiving devices using the respective codes.



[0004] In order to support and improve packet communication between mobile devices

and base stations, many packet communication techniques have been developed to

operate in parallel with telecommunication techniques, such as CDMA. One example

of a communication network used for packet communication between mobile devices

and base stations is the evolution data optimized (EV-DO) network. EV-DO

networking techniques are commonly used in mobile networks that support CDMA or

other spread spectrum communication techniques in order to allow for packet

communication of data packets or voice-over-Internet-Protocol (VoIP) packets.

Unfortunately, the first generation (IX) EV-DO network does not provide for quality of

service (QoS) in packet transmissions in the physical media access control (MAC) layer.

The first generation (IX) EV-DO network is also commonly referred to as "Release 0."

The second generation EV-DO network is commonly referred to as "Release A."

[0005] QoS generally refers to the prioritization of certain packets over other packets in

order to better ensure timely transmission of time-sensitive packets, such as VoIP

packets or real-time video packets. QoS techniques are common in many networks, but

as indicated, are not supported in the MAC layer of the IX EV-DO network. Other data

networking techniques used for packet communication between mobile devices and

base stations may have similar limitations, particularly at the hardware level. While

future generations of such networks may provide QoS support at the MAC level,

implementation of such future generation networks can require hardware updates in the

base stations, which can be very costly for network service providers.

SUMMARY

[0006] In general, this disclosure is directed to packet scheduling techniques for

prioritizing packets in a first generation (IX) evolution data optimized (EV-DO)

network or similar networks that do not provide quality of service (QoS) support at the

media access control (MAC) level. The techniques may be executed in mobile devices

that communicate packets to the base stations of the network. The techniques ensure

compliance with the IX EV-DO network or similar network, and achieve QoS without

requiring MAC level updates in the base stations.

[0007] More specifically, the techniques make use of a plurality of prioritized queues

that are organized into packet flows such that each of the packet flows includes one or

more of the prioritized queues. At least one of the packet flows include a plurality of



the prioritized queues. Typically, a plurality or possibly all of the packet flows include

a plurality of queues. In any case, the different packet flows associate packets having

similar or identical radio link protocols (RLPs) in order to achieve the necessary error

detection for such related packets. The different queues are prioritized, in order to give

transmission priority to certain types of packets over other types of packets. By

separating the packets into different prioritized queues and associating several queues

into common packet flows, prioritization can be achieved along with an efficient

implementation of different error detection schemes. A number of additional

scheduling rules and techniques are also described which can ensure effective

implementation of QoS, while maintaining compliance with the IX EV-DO network or

a similar network.

[0008] In one embodiment, this disclosure is directed to device that provides QoS for

wireless packet transmission between the device and a base station in a communication

network. The device comprises a classifier unit that receives packet to be transmitted

and separates the packets into a plurality of prioritized queues based on packet type,

wherein the prioritized queues are organized into packet flows such that each of the

packet flows includes one or more of the prioritized queues and at least one of the

packet flows include a plurality of the prioritized queues. The device also comprises a

scheduler unit that schedules packet transmissions based on prioritization numbers of

the prioritized queues and the packet flows associated with the prioritized queues.

[0009] In another embodiment, this disclosure describes a method of providing QoS for

wireless packet transmission between a device and a base station in a communication

network. The method comprises receiving packets to be transmitted, separating the

packets into a plurality of prioritized queues based on packet type, wherein the

prioritized queues are organized into packet flows such that each of the packet flows

includes one or more of the prioritized queues and at least one of the packet flows

include a plurality of the prioritized queues, and scheduling packet transmissions based

on prioritization numbers of the prioritized queues and the packet flows associated with

the prioritized queues.

[0010] These and other techniques described herein may be implemented in a mobile

device in hardware, software, firmware, or any combination thereof. If implemented in

software, the software may be executed in a processor such as a digital signal processor

(DSP). In that case, the software that executes the techniques may be initially stored in



a computer readable medium and loaded and executed in the DSP in order to provide

QoS for wireless packet transmission between a device and a base station in a

communication network.

[0011] Accordingly, in another embodiment, this disclosure describes a computer

readable medium comprising computer readable instructions that when executed in a

device of a wireless communication network cause the device to provide QoS for

wireless packet transmission between the device and a base station in the

communication network. Upon execution, the instructions cause the device to separate

received packets into a plurality of prioritized queues based on packet type, wherein the

prioritized queues are organized into packet flows such that each of the packet flows

includes one or more of the prioritized queues and at least one of the packet flows

include a plurality of the prioritized queues, and schedule packet transmissions based on

prioritization numbers of the prioritized queues and the packet flows associated with the

prioritized queues.

[0012] The details of one or more embodiments of this disclosure are set forth in the

accompanying drawings and the description below. Other features, objects, and

advantages of this disclosure will be apparent from the description and drawings, and

from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a system diagram of a wireless communication system capable of

implementing one or more aspects of this disclosure.

[0014] FIG. 2 is a block diagram of a mobile device according to an exemplary

embodiment of this disclosure.

[0015] FIG. 3 is a more detailed exemplary block diagram of various components of a

mobile device according to this disclosure.

[0016] FIG. 4 is a flow diagram illustrating exemplary operation of a mobile device

according to an embodiment of this disclosure.

DETAILED DESCRIPTION

[0017] This disclosure is directed to packet scheduling techniques for prioritizing

packets in order to achieve quality of service (QoS). QoS generally refers to the

prioritization of certain packets over other packets in order to better ensure timely



transmission of time-sensitive packets, such as (VoIP) packets or real-time video

packets. However, QoS can generally be used to prioritize packets for any reason. QoS

techniques are common in many networks, but are not supported in the media access

control (MAC) layer of the first generation (IX) evolution data optimized (EV-DO)

network. This disclosure describes techniques that allow for efficient implementation of

QoS in the IX EV-DO network or similar networks.

[0018] The techniques may be executed in mobile devices that communicate packets to

the base stations of the network. More specifically, the techniques make use of a

plurality of prioritized queues that are organized into packet flows such that each of the

packet flows includes one or more of the prioritized queues. At least one of the packet

flows include a plurality of the prioritized queues. Typically, a plurality or possibly all

of the packet flows include a plurality of queues. In any case, different packet flows

associate packets having similar or identical radio link protocols (RLPs) in order to

achieve the necessary error detection and packet loss schemes for such packets having

similar RLPs. hi addition, the different queues define packet priorities base on packet

type, in order to give transmission priority to certain types of packets over other types of

packets.

[0019] By separating the packets into different prioritized queues and associating

several queues into common packet flows, prioritization can be achieved along with an

efficient implementation of different error detection and packet loss schemes. In

particular, by associating different prioritized queues into packet flows based on the

RLPs of the packets in the queues, error detection and packet loss schemes can be

defined on a packet flow basis hi this manner, the described techniques may be more

efficient than other QoS techniques that might be used in such networks. A number of

additional scheduling rules and techniques are also described which can ensure effective

implementation of QoS, while maintaining compliance with the IX EV-DO network or

a similar network.

[0020] FIG. 1 is a system diagram of a wireless communication system 10, including a

mobile device 12 that communicates with a base station 14. Mobile device 12 generally

refers to any wireless device used by an end user. Examples of mobile device 12

include a mobile radiotelephone, a personal digital assistant (PDA), a portable

computer, a portable interactive television, a wireless data terminal, a wireless data

collection device, or any other mobile device that sends packets according to a network



protocol that does not support QoS at the MAC level, such as the IX EV-DO network

protocol.

[0021] Base station 14 is stationary equipment that wirelessly communicates with

mobile device 12 to provide the mobile devices with access to a wired

telecommunication network. For example, base station 14 may provide an interface

between the mobile device 12 and a public switched telephone network (PSTN) 17 such

that telephone calls can be routed to and from the mobile devices. Additionally, base

station 14 may be coupled to a packet-based network 19 for transmission of packet-

based voice information or packet-based data. Base station 14 may also be referred to

as a base transceiver systems (BTS).

[0022] In the example of FIG. 1, mobile device 12 is illustrated as being coupled to a

laptop computer 16 in order to provide packet based telecommunication service to

laptop computer 16. The techniques described herein are very useful for such

arrangements, in which case mobile device 12 may allow for phone service to a user and

simultaneous packet-based data service to laptop computer 16. The techniques,

however, are not limited to use with an attached laptop computer 16 and may be used to

provide both packet-based telecommunication and non-packet based telecommunication

to mobile device 12 to support applications executed by mobile device 12 without an

attached laptop computer 16.

[0023] Mobile device 12 may support at least two telecommunication protocols. In

particular, mobile device 12 may support a first wireless communication protocol for

communicating voice data, and a second communication protocol for communicating

packets. The first communication protocol may comprise code division multiple access

(CDMA), although many other techniques could alternatively be used. The second

communication protocol may comprise EV-DO networking techniques that are often

used in mobile networks that support CDMA. As mentioned, however, the IX EV-DO

network does not provide for QoS in packet transmissions in the physical MAC layer.

This disclosure addresses this limitation by providing techniques that can facilitate such

QoS in mobile device 12 in an effective manner.

[0024] FIG. 2 is a block diagram of an exemplary mobile device 20, which may

correspond to device 12 of FIG. 1. As shown in FIG. 2, mobile device 20 includes a

data unit 22 and a voice unit 24. Data unit 22 facilitates packet-based communication,

whereas voice unit 24 facilitates non-packet based communication. Data unit 22 and



voice unit 24 may share a common antenna 29, or two or more separate antennas may

be used.

[0025] Voice unit 24 may facilitate telecommunication according to CDMA

communication techniques. CDMA is a very common spread spectrum technique used

in wireless communication in which multiple communications are simultaneously

transmitted over a spread spectrum radio-frequency (RF) signal. In order to support

CDMA, voice controller 28 utilizes orthogonal codes to generate spread a spectrum

signal, which is transmitted by voice transmitter/receiver 27. CDMA techniques allow

for the simultaneous transmission of signals by several sending devices on the network,

and extraction of the various signals by receiving devices using the respective codes.

Voice controller 28 and voice transmitter/receiver 27 may generally conform to a

conventional CDMA architecture to facilitate such communication.

[0026] Data unit 22 supports packet communication between mobile device 20 and one

or more base stations according to the EV-DO protocol. EV-DO networking techniques

are commonly used in mobile networks that support CDMA or other spread spectrum

communication techniques in order to allow for packet communication of data packets

or VoIP packets. Data unit 22 may include an EV-DO controller 26 and an EV-DO

transmitter/receiver 25 to facilitate such packet communication. As described in greater

detail below, EV-DO controller 26 may implement packet scheduling techniques for

prioritizing packets in order to achieve QoS.

[0027] Again, the IX EV-DO network does not provide QoS in packet transmissions in

the physical MAC layer. This generally means that base station hardware designed for

IX EV-DO network communication does not support QoS. In accordance with this

disclosure, however, EV-DO controller 26 provides QoS without requiring MAC layer

updates to the base stations.

[0028] EV-DO controller 26 includes a plurality of prioritized queues that are organized

into packet flows such that each of the packet flows includes one or more of the

prioritized queues. At least one of the packet flows include a plurality of the prioritized

queues. The different packet flows associate packets having similar RLPs in order to

achieve the necessary error detection and packet loss schemes for such packets having

similar RLPs. In addition, the different queues define packet priorities based on packet

type, in order to give transmission priority to certain types of packets over other types of

packets.



[0029] FIG. 3 is a depiction of a packet-based telecommunication control unit 31 and a

transmitter unit 36. Control unit 3 1 may correspond to EV-DO controller 26 (FIG. 2)

and transmitter unit 36 may correspond to EV-DO transmitter/receiver 25. As shown in

FIG. 3, control unit 3 1 includes a classifier unit 32 and a scheduler unit 34.

[0030] Classifier unit 32 receives packets to be transmitted and separates the packets

into a plurality of prioritized queues (Q1-Q8) based on packet type. For example,

classifier unit 32 may include a packet classifier 42, a packet framer 44, a packet

queuing unit 46, a plurality of packet flow units (labeled packet flow 0, packet flow 1,

and packet flow 2). The prioritized queues (Q1-Q8) are labeled with priority numbers

ranging from priority 1 (PR 1) to priority 8 (PR 8). Of course, more queues or fewer

queues could be used. The prioritized queues (Q1-Q8) are organized into the packet

flows such that each of the packet flows includes one or more of the prioritized queues.

[0031] In this disclosure, the term packet flow refers to a flow of packets according to a

common or substantially similar RLP. In other words, packets having common or

similar RLPs are associated into common flows, even if the priorities of such packets

are different. Thus, all of the queues that correspond to a common packet flow include

packets to be sent according to a common or substantially similar RLP. Generally, at

least one of the packet flows include a plurality of the prioritized queues. In the

example of FIG. 3, packet flow 0 includes three queues, packet flow 1 includes three

queues and packet flow 2 includes two queues. As described in greater detail below,

scheduler unit 34 is used to schedule packet transmissions based on prioritization

numbers of the prioritized queues and the packet flows associated with the prioritized

queues.

[0032] The input to packet classifier 42 may be a stream of Internet Protocol (IP)

packets to be transmitted (labeled "packets" in FIG. 3) by mobile device 12 (FIG. 1).

Packet classifier 42 parses these packets and classifies them according to predetermined

classification criteria. Packet classifier 42 tags the packets according to the priority

associated with this classification criteria. In this manner, packet classifier 42 of

classifier unit 32 classifies the packets into different packet types that can be analyzed

for QoS determinations. For example, packets associated with real-time audio or real¬

time video transmissions may be tagged with a higher priority than packets associated

with non-real time file transfers. In addition to tagging packets with priority, packet



classifier 42 also tags the packets with the respective RLP associated with each of the

packets.

[0033] In one example, the input labeled "packets" in FIG. 3 is serial IP traffic that

needs to be transmitted over the IX EV-DO network. Different packets may be

generated by different applications running on mobile device 12 (FIG. 1), but

interleaved with one another in the common serial packet stream. Though this IP traffic

is inputted serially, certain IP packets may have higher priority than other packets and

may need to be transmitted before the other packets in order to insure timely arrival. In

this case, the IP packets can be classified based on some predetermined criteria (such as

the destination IP address, the port associated with the packet, or whether the packet is a

transmission control protocol (TCP) packet, a user datagram protocol (UDP) packet or

internet control message protocol (ICMP) packet, or some other packet type. In

accordance with this disclosure, packet classifier 42 determines the packet types and

tags the packets for transmission over a particular RLP. Scheduler 34 can then use the

tags for such packet scheduling.

[0034] Table 1provides one example of parameters that may be used in classification of

IP packets and how they are associated with a priority and a particular RLP.

Table 1

[0035] In Table 1, the Reservation Label is the label associated with the particular QoS

criterion. The QoS criterion includes the packet flow specifications as well as the packet

filtering specifications. For example, the packet filter specifications could be defined

by:

1. Protocol: Whether the packet is UDP, TCP, ICMP or other.

2. Destination IP address range: Start IP address and End IP address.



3. Destination Port number range: Start Port number and End Port number.

The Relative Priority ranks the packets by priority. The RLP Flow is the RLP

associated with the particular IP Flow. A wide variety of packet classifying schemes or

priority schemes could be defined using the variables of Table 1 or other variables

associated with the packets.

[0036] Once the packets have been classified, packet firamer 44 frames the packets, e.g.,

according to hop-to-hop link protocol such as a point-to-point (PPP) protocol. In

particular, packet framer 44 encapsulates the packets according to the PPP protocol and

forwards the encapsulated packets to packet queuing unit 46. Packet queuing unit 46

separates the packets into queues (Q1-Q8) based on the priority tag associated with each

respective packet. For example, there may be one priority level assigned for each

respective queue (priority levels being labeled PR1-PR8). Packets belonging to

different classification criteria, but having the same priority, will be placed in the same

queue such that these packets will be serviced in a "first come-first serve" basis within

that respective queue.

[0037] For example, packet queuing unit 46 of classifier unit 32 may separate packets

into the plurality of prioritized queues (Q1-Q8) by separating voice packets into one or

more of the prioritized queues (such as Q3) and separating data packets into one or more

of the prioritized queues (such as Q4). In this example, the queue Q3 has a priority of

PRl, whereas queue Q4 has a priority of PR 4, which means the voice packets will

generally be given higher scheduling priority than the data packets.

[0038] i another example, packet queuing unit 46 of classifier unit 32 may separate

packets into the plurality of prioritized queues (Q1-Q8) by separating video packets into

one or more of the prioritized queues (such as Q7) and separating data packets into one

or more of the prioritized queues (such as Q4). In this example, the queue Q7 has a

priority of PR2, whereas queue Q4 has a priority of PR 4, which means the video

packets will generally be given higher scheduling priority than the data packets.

[0039] At the same time, each of the packet flows (packet flow 0, packet flow 1 and

packet flow 2) may include queues for packets that have the same or substantially

similar radio link protocols (RLPs). Accordingly, each of the packet flows may define a

different error detection scheme relative to others of the packet flows. Moreover, each

of the packet flows defines a different packet loss scheme relative to others of the packet

flows. Thus, for each of the packet flows, the packets within different priority queues



(such as queues Ql, Q2 and Q3 within packet flow O) may use common or substantially

similar packet loss schemes or error detection schemes according to the same or

substantially similar RLPs. In some cases, Q1-Q3 of packet flow 0 may include packets

to be transmitted according to a first RLP, Q4-Q5 of packet flow 1 may include packets

to be transmitted according to a second RLP, and Q6-Q7 of packet flow 2 may include

packets to be transmitted according to a third RLP.

[0040] With the different priority queues organized according to packet flows that

define the same or similar RLPs, each packet can be serviced according to its tagged

RLP in a very efficient manner. Scheduler 34 can determine which packets in which

respective queues should be scheduled for transmission based on priority and packet

fl ows hi particular, once the packets are sorted into the different queues, which are

organized into the different packet flows, scheduler 34 can utilize one or more of the

techniques described in greater detail below to determine which packets should be

transmitted. In this manner, scheduler 34 can schedule such packet transmissions in an

efficient and effective manner.

[0041] For example, scheduler unit 34 may perform a number of functions in order to

achieve desirable packet scheduling that achieves QoS. When asked by packet

consolidation unit 52 for data to be transmitted, scheduler unit 34 may determine which

multi-link radio link protocol (MRLP) packets should be transmitted and schedules

them for transmission.

[0042] There are various algorithms that scheduler unit 34 can use to schedule packet

transmission. One such algorithm is a "highest priority first" algorithm. According to

this technique, as long a higher priority queue has packets for transmission, scheduler

unit 34 will schedule packets from this queue. Only when a higher priority queue has

no more packets will scheduler unit 34 schedule packets from a lower priority queue.

[0043] However, before scheduling new packets for transmission, the scheduler unit 34

needs to make sure that there are no re-transmissions pending on any RLP. Thus,

before scheduling an IP packet for transmission, scheduler unit 34 can make sure each

MRLP transmits any pending retransmit packets. Retransmit packets are generally

packets for which the receive device has requested a re-send. According to this

technique, when the device receives a message to re-transmit one or more packets,

scheduling unit 34 may schedule such re-transmissions prior to any first transmissions,

regardless of priority. There may be some relative scheduling requirements that



generally need a new IP packet on a particular RLP before retransmission of a packet on

a different RLP. However, in one relatively simple implementation, any retransmit

packet on any RLP takes first priority over new packets. For retransmit packets,

packets on packet Flow 0 are transmitted first, then on packet flow 1, the packet flow

21, etc. Variations, however, could be made to this highest priority first algorithm,

assuming packet flow 0 is given highest priority of the packet flows.

[0044] After transmitting all retransmit packets, scheduler unit 34 polls the appropriate

queues for new data according to the relative priority of the queues. In determining

which queue to transmit packets from, scheduler unit 34 also determines the packet flow

associated with the queue and schedules the RLP for packet transmission accordingly.

[0045] After transmitting all new data from the queues, scheduler unit 34 can check if

the so called "flush time" on any of the RLPs has expired, and if so, scheduler unit 34

can schedule that RLP to retransmit the last octet that it sent. The flush time is

generally a time frame that ensures that the last byte will be resent if no traffic has been

sent for the flush time. This allows the receive device to identify whether packets were

lost, and allows the receive device to request a resend of such packets, if necessary. In

short, after transmitting all of the packets in the packet flows, scheduling unit 34 may

determine if a flush time associated with any of the packet flows has expired and if so,

schedules transmission of a last transmitted octet associated with one or more packet

flows having the expired flush time.

[0046] Scheduler unit 34 also needs to be aware of PPP packet boundaries. For

example, if two queues (say Ql and Q2) are defined in the same packet flow that define

the same RLP, then if the RLP is transmitting a packet from Ql, it generally cannot

transmit a packet from Q2 until the entire PPP packet of Ql has been transmitted. In

general, scheduling unit 34 schedules packet transmissions for packets in a higher

priority queue when packets are not currently being transmitted from the one of the

packet flows associated with the higher priority queue and schedules packet

transmissions for packets in a lower priority queue when packets are currently being

transmitted from the one of the packet flows associated with the higher priority queue,

wherein the lower priority queue is associated with a different one of the packet flows

than the higher priority queue.

[0047] Another issue that scheduler unit 34 may need to address is that of signaling

messages. For example, packet consolidation unit 52 may poll scheduler unit 34 for



RLP signaling messages. In this case, scheduler unit 34 will go through all the packet

flows to see if there are any signaling message to be transmitted and will transmit them

accordingly. Again, in one relatively simple example, packet flow 0 is considered the

highest priority flow. Thus, using the "highest priority first" algorithm, signaling

messages can be sent for packet flow 0 then packet flow 1, then packet flow 2. Sending

of signaling messages takes place on a signaling stream or control channel hi this

manner, packet consolidation unit 52 can ensure that the signaling messages are

transmitted before any non-control packets. Thus, at the direction of packet

consolidation unit 52, scheduling unit 34 schedules transmission of signaling message

packets prior to scheduling transmission of any other packets.

[0048] Put another way, all signaling messages generally will be given priority over all

data, voice, video or any non-signaling message packets. Packet consolidation unit 52

ensures that such signaling messages are sent before any attempts to send other packets.

When asked by packet consolidation unit 52 to build signaling messages, scheduler unit

34 builds such messages for each packet flow. Signaling messages for Packet Flow 0

will get sent before signaling messages for Packet Flow 1, etc.

[0049] The following pseudo-code provides one example of a program that scheduling

unit 34 may use to schedule transmission of signaling message packets prior to

scheduling transmission of any other packets, hi this example, the packet flows, e.g.,

shown in FIG. 3, are represented by the variable rlp_flow(i). Thus, each packet flow is

also an RLP flow in this example.

hdrrlptxsched_queue_msg ()

{

for(i=0; i < Max Active RLP; i++ )

{

if ( rlp_flow[i] has sig msgs to send )

{

Form message,-

Queue message to SLP by calling hdrslp_queue_msg ()

}

}

}

In this example code, labeled hdrrlptxsched_queue_msg, each RLP flow is examined to

determine if it has signaling messages. If so, the signaling messages are formed without

regard to any other packet priority. SLP stands for "Session Layer Protocol" and



generally represents software that facilitates over the air transport. The function

hdrslp_queue_msg is a function used by a data services layer to request an SLP Layer to

transport the message over the air.

[0050] Scheduler unit 34 can maintain one or more tables that identify the priority of

the different queues along with the packet flows to which the different queues belong.

Such tables can allow scheduler unit 34 to loop through the queues according to their

priority to see if they have data to transmit, and then determine their associated packet

flow very quickly. Ih addition, scheduler unit 34 can maintain one or more Tables to

determine which queue a given packet flow is currently serving in order to allow packet

boundaries to be maintained and ensure that two queues in the same packet flow are not

scheduled for packet transmission in a manner that could compromise packet

boundaries.

[0051] For any given packet flow transmission, an RLP sequence number may be

padded to a stream of bytes. Any time the RLP sequence number is padded to a stream

of bytes, packet consolidation unit 52 can also append a stream header to this stream of

byes. In this manner, according to the pseudo-code below, the scheduler function

always returns after getting any data from an RLP. If the function did not return, then it

would need to perform an additional process of appending the appropriate stream header

and chaining of packets from different RLPs, both of which are already taken of by

packet consolidation unit 52. As long as packet consolidation unit 52 can send more

bytes in the given frame, it will keep calling this function, until the function returns no

bytes.

[0052] The following pseudo-code outlines one implementation of techniques that can

be performed by scheduler unit 34. The pseudo-code refers to "RLP flows" in the

sense that packet flows, as outlined above, are assumed to include packets having the

same RLPs. The pseudo-code below includes comments preceding the actions defined

by the code, which explains the functionality of the steps that are executed.

/ * rev_pkt_ptr i s a pointer t o the place where t o chain the dsm

bytes .

max bytes i s the max that can b e transmitted */

int hdrlptxsched_get_pkt_cb ( rev_pkt_ptr, max_bytes )

{

/ * Go thru all the RLP Flows and Transmit any retransmit

packets .

RLPFlow[i] i s higher priority than RLPFlow[i+l] * /



for( i=0; i < Max RLP Flows; i++ )

{

if (RLPFlow[i] has retransmit data)

{

return hdrmrlp_f orm_retx_data ( rev_pkt_ptr, max_bytes );

}

}

/* Now Go through all the priority queues and schedule packets

for

transmission based on the higher priority queue having new

packets to transmit. If this priority queue uses a RLP that

is already in the midst of transmitting a partial PPP packet

from another priority queue, then the queue cannot be

scheduled for

transmission, and the techniques look for the next highest

priority queue

*/

for( i=0; i< # of priority queues; i++ )

{

/* Set the queue_handle =

highest_priority_queue_with_new_data_to_transmit

*/

if( pri_queue[i] is empty )

{

continue;

}

else

{

chosen_rlp = pri_queue[i] .rlp_handle;

}

/* Schedule RLP only if the chose_rlp is not transmitting

any

partial PPP data, or it is transmitting partial PPP data

from the same ρriority_queue */

if(( chosen_rlp->handle_to_pri_queue_for_partial_ppp == NULL

I l

( chosen_rlp->handle_to_pri_queue_for_partial_ppp ==

pri_queue [i] ))

{

bytes_built =



hdrmrlp_get_pkt ( chosen_rlp, pri_queue [ i ] , max__bytes

) ;

if ( rlp_handle did not tx complete ppp packet )

{

//set flag RLP is transmitting from pri_queue[i]

chosen_rlp->handle_to_pri_queue_for_jpartial_ppp =

pri_gueue [i];

}

else

{

//finishedtxing complete PPP

chosen_rlp->handle_toj>ri_queue_for_partial_ppp = NULL;

}

return bytes_built;

}

}

/* Now go through all the RLPs so see if the flush timer has

expired on any of the RLPs. If yes, then schedule the last

octet for transmission */

for( i=0 ; i<Max RLP Flows; i++ )

{

if ( RLPFlow[i] flush timer expired )

{

return hdrmrlp_build_last_octet ( rlp_handle[i] , max_bytes

}

}

}

[0053] Once scheduler 34 has scheduled packet transmissions as outlined above,

transmitter unit 36 transmits such packets according to the scheduling. In particular,

transmitter unit 36 may include a packet consolidation unit 52 to consolidate packets

and a reverse traffic channel MAC 54 that physically sends the packets over the air via

antenna 55. As outlined above, packet consolidation unit 52 may periodically

communicate with scheduler 34 in a manner that can affect the packet scheduling, such

as by polling scheduler unit 34 for RLP signaling messages, in which case scheduling

unit 34 schedules transmission of the signaling message packets prior to scheduling

transmission of any other packets.



[0054] FIG. 4 is a flow diagram illustrating a technique that can be implemented by

control unit 3 1 or a similar control unit of a telecommunication device. As shown in

FIG. 4, packet classifier 42 receives packets (81) and classifies the packets into different

packet types (82). For example, packet classifier 42 may tag the packets with IP tags

indicating the priority and RLP tags indicating the RLP associated with the packet.

Packet queuing unit 46 can then separate the packets into a plurality of queues (Q1-Q8),

which are arranged into packet flows (packet flow 0 packet flow 1 and packet flow 2)

(82). Prior to such queuing, the packets may be framed by packet framer 44. The

packet flows (0, 1 and 2) associate packets having similar or identical RLPs even if such

packets reside in different queues. In other words, the queues of any common packet

flow may include packets that have similar or identical RLPs.

[0055] Scheduler unit 34 schedules packet transmissions based on prioritization

numbers of the queues and packet flows associated with the queues (84). For example,

scheduler unit 34 may schedule packets in a higher priority queue when packets are not

currently being transmitted from the packet flow associated with the higher priority

queue, but schedule packets in a lower priority queue (associated with a different packet

flow) when packets are currently being transmitted from the packet flow associated with

the higher priority queue. A number of additional scheduling rules are outlined above,

which may also be implemented, such as a rule that causes signaling of message packets

prior to scheduling transmission of any other packets regardless of priority. In any case,

once packets are scheduled, transmitter unit 36 transmits such packets according to the

scheduling scheme (85).

[0056] Various embodiments of the have been described. In particular, packet

scheduling techniques for prioritizing packets have been described for use in the IX

EV-DO network or similar networks that do not provide QoS support at the MAC level.

The techniques may be used for scheduling PPP packets based on IP priority in a IX

EV-DO network using multi-flow packet application RLP and subtype 0 reverse traffic

channel MAC. In such an application, there are multiple RLP flows, and a particular

PPP packet can be associated with a particular RLP flow based on the IP packet it

encapsulates.

[0057] The techniques described herein may be implemented in a mobile unit in

hardware, software, firmware, or the like. Example hardware implementations include

implementations within a digital signal processor (DSP), an application specific



integrated circuit (ASIC), a field programmable gate array (FPGA), a programmable

logic device, specifically designed hardware components, or any combination thereof.

In addition, one or more of the techniques described herein may be partially or wholly

executed in software. In that case, a computer readable medium may store or otherwise

comprise computer readable instructions, i.e., program code, that can be executed by a

processor or DSP of a subscriber unit or base station to carry out one of more of the

techniques described above.

[0058] For example, the computer readable medium may comprise random access

memory (RAM), read-only memory (ROM), non-volatile random access memory

(NVRAM), electrically erasable programmable read-only memory (EEPROM), flash

memory, or the like. The computer readable medium can form part of a mobile unit 12

that includes a processor or DSP that executes various software modules stored in the

computer readable medium.

[0059] Numerous other modifications may be made without departing from the spirit

and scope of this disclosure. For example, although many of the techniques have been

described in the context of IX EV-DO, the techniques may also be useful for other

network protocols that do not inherently support QoS at the MAC level. These and

other embodiments are within the scope of the following claims.



CLAIMS:

1. A device that provides quality of service (QoS) for wireless packet transmission

between the device and a base station in a communication network comprising:

a classifier unit that receives packets to be transmitted and separates the packets

into a plurality of prioritized queues based on packet type, wherein the prioritized

queues are organized into packet flows such that each of the packet flows includes one

or more of the prioritized queues and at least one of the packet flows include a plurality

of the prioritized queues; and

a scheduler unit that schedules packet transmissions based on prioritization

numbers of the prioritized queues and the packet flows associated with the prioritized

queues.

2. The device of claim 1, wherein the classifier unit classifies the packets into the

different packet types.

3. The device of claim 1, wherein the communication network comprise an

evolution data optimized (EV-DO) network.

4. The device of claim 1, wherein the classifier unit separates the packets into the

plurality of prioritized queues by separating voice packets into one or more of the

prioritized queues and separating data packets into one or more of the prioritized

queues, wherein the prioritized queues associated with the data packets are different

than the prioritized queues associated with the voice packets.

5. The device of claim 1, wherein the classifier unit separates the packets into the

plurality of prioritized queues by separating video packets into one or more of the

prioritized queues and separating data packets into one or more of the prioritized

queues, wherein the prioritized queues associated with the data packets are different

than the prioritized queues associated with the video packets.

6. The device of claim 1, wherein each of the packet flows defines a different error

detection scheme relative to others of the packet flows.



7. The device of claim 1, wherein each of the packet flows defines a different

packet loss scheme relative to others of the packet flows.

8. The device of claim 1, wherein each of the packet flows includes a subset of the

prioritized queues, wherein substantially similar radio link protocols (RLPs) are

associated with packets of the prioritized queues in each of the subsets.

9. The device of claim 1, wherein when the device receives a message to re¬

transmit one or more packets, the scheduling unit schedules re-transmissions prior to

first transmissions regardless of priority.

10. The device of claim 1, wherein the scheduling unit schedules packet

transmissions based on prioritization numbers of the prioritized queues and the packet

flows associated with the prioritized queues by:

scheduling packet transmissions for packets in a higher priority queue when

packets are not currently being transmitted from the one of the packet flows associated

with the higher priority queue; and

scheduling packet transmissions for packets in a lower priority queue when

packets are currently being transmitted from the one of the packet flows associated with

the higher priority queue, wherein the lower priority queue is associated with a different

one of the packet flows than the higher priority queue.

11. The device of claim 1, wherein after transmitting all of the packets in the packet

flows, the scheduling unit determines if a flush time associated with any of the packet

flows has expired and if so, schedules transmission of a last transmitted octet associated

with one or more packet flows having an expired flush time.

12. The device of claim 1, wherein the scheduling unit schedules transmission of

signaling message packets prior to scheduling transmission of any other packets.

13. A method of providing quality of service (QoS) for wireless packet transmission

between a device and a base station in a communication network comprising:

receiving packets to be transmitted;



separating the packets into a plurality of prioritized queues based on packet type,

wherein the prioritized queues are organized into packet flows such that each of the

packet flows includes one or more of the prioritized queues and at least one of the

packet flows include a plurality of the prioritized queues; and

scheduling packet transmissions based on prioritization numbers of the

prioritized queues and the packet flows associated with the prioritized queues.

14. The method of claim 13, further comprising classifying the packets into the

different packet types.

15. The method of claim 13, wherein the communication network comprise an

evolution data optimized (EV-DO) network.

16. The method of claim 13, wherein separating the packets into a plurality of

prioritized queues includes separating voice packets into one or more of the prioritized

queues and separating data packets into one or more of the prioritized queues, wherein

the prioritized queues associated with the data packets are different than the prioritized

queues associated with the voice packets.

17. The method of claim 13, wherein separating the packets into a plurality of

prioritized queues includes separating video packets into one or more of the prioritized

queues and separating data packets into one or more of the prioritized queues, wherein

the prioritized queues associated with the data packets are different than the prioritized

queues associated with the video packets.

18. The method of claim 13, wherein each of the packet flows defines a different

error detection scheme relative to others of the packet flows.

19. The method of claim 13, wherein each of the packet flows defines a different

packet loss scheme relative to others of the packet flows.



20. The method of claim 13, wherein each of the packet flows includes a subset of

the prioritized queues, wherein substantially similar radio link protocols (RLPs) are

associated with packets of the prioritized queues in each of the subsets.

2 1. The method of claim 13, further comprising receiving a message to re-transmit

one or more packets, wherein scheduling packet transmissions based on prioritization

numbers of the prioritized queues and the packet flows associated with the prioritized

queues comprises scheduling re-transmissions prior to first transmissions regardless of

priority.

22. The method of claim 13, wherein scheduling packet transmissions based on

prioritization numbers of the prioritized queues and the packet flows associated with the

prioritized queues comprises:

scheduling packet transmissions for packets in a higher priority queue when

packets are not currently being transmitted from the one of the packet flows associated

with the higher priority queue; and

scheduling packet transmissions for packets in a lower priority queue when

packets are currently being transmitted from the one of the packet flows associated with

the higher priority queue, wherein the lower priority queue is associated with a different

one of the packet flows than the higher priority queue.

23 . The method of claim 13, further comprising:

after transmitting all of the packets in the packet flows, determining if a flush

time associated with any of the packet flows has expired and if so,

scheduling transmission of a last transmitted octet associated with one or more

packet flows having an expired flush time.

24. The method of claim 13, further comprising scheduling transmission of

signaling message packets prior to scheduling transmission of any other packets.

25. A computer readable medium comprising computer readable instructions that

when executed in a device of a wireless communication network cause the device to

provide quality of service (QoS) for wireless packet transmission between the device



and a base station in the communication network, wherein upon execution the

instructions cause the device to:

separate received packets into a plurality of prioritized queues based on packet

type, wherein the prioritized queues are organized into packet flows such that each of

the packet flows includes one or more of the prioritized queues and at least one of the

packet flows include a plurality of the prioritized queues; and

schedule packet transmissions based on prioritization numbers of the prioritized

queues and the packet flows associated with the prioritized queues.

26. The computer readable medium of claim 25, wherein upon execution the

instructions cause the device to classify the packets into the different packet types.

27. The computer readable medium of claim 25, wherein the communication

network comprise an evolution data optimized (EV-DO) network.

28. The computer readable medium of claim 25, wherein the instructions cause the

device to separate the packets into a plurality of prioritized queues by separating voice

packets into one or more of the prioritized queues and separating data packets into one

or more of the prioritized queues, wherein the prioritized queues associated with the

data packets are different than the prioritized queues associated with the voice packets.

29. The computer readable medium of claim 25, wherein the instructions cause the

device to separate the packets into a plurality of prioritized queues by separating video

packets into one or more of the prioritized queues and separating data packets into one

or more of the prioritized queues, wherein the prioritized queues associated with the

data packets are different than the prioritized queues associated with the video packets.

30. The computer readable medium of claim 25, wherein each of the packet flows

defines a different error detection scheme relative to others of the packet flows.

31. The computer readable medium of claim 25, wherein each of the packet flows

defines a different packet loss scheme relative to others of the packet flows.



32. The computer readable medium of claim 25, wherein each of the packet flows

includes a subset of the prioritized queues, wherein substantially similar radio link

protocols (RLPs) are associated with packets of the prioritized queues in each of the

subsets.

33. The computer readable medium of claim 25, wherein upon receiving a message

to re-transmit one or more packets the instructions cause the device to schedule

re-transmissions prior to first transmissions regardless of priority.

34. The computer readable medium of claim 25, wherein the instructions cause the

device to schedule packet transmissions based on prioritization numbers of the

prioritized queues and the packet flows associated with the prioritized queues by:

scheduling packet transmissions for packets in a higher priority queue when

packets are not currently being transmitted from the one of the packet flows associated

with the higher priority queue; and

scheduling packet transmissions for packets in a lower priority queue when

packets are currently being transmitted from the one of the packet flows associated with

the higher priority queue, wherein the lower priority queue is associated with a different

one of the packet flows than the higher priority queue.

35. The computer readable medium of claim 25, wherein the instructions cause the

device to determine if a flush time associated with any of the packet flows has expired

after transmitting all of the packets in the packet flows, and if so, schedule transmission

of a last transmitted octet associated with one or more packet flows having an expired

flush time.

36. The computer readable medium of claim 25, wherein the instructions cause the

device to schedule transmission of signaling message packets prior to scheduling

transmission of any other packets.
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