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(57) Abstract

A communication system supports multiple modulation/FEC coding schemes. 
One scheme is selected for initiating transmission on the link. The performance of 
the transmissions is evaluated after a variable update interval expires. The update 
interval is varied as a function of time, amount of information, LLC blocks, etc., 
in order to optimize throughput in the system. A shorter update interval can be 
used initially until an optimal modulation/FEC coding scheme is determined for a 
particular data transmission.
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METHOD AND SYSTEM FOR LINK ADAPTATION HAVING

A VARIABLE UPDATE INTERVAL

BACKGROUND

5 The present invention generally relates to increasing data throughput or quality

in a wireless communication system and, more particularly, to systems and methods 

involving adaptive modulation and FEC coding schemes.

The growth of commercial communication systems and, in particular, the 

explosive growth of cellular radiotelephone systems have compelled system designers

10 to search for ways to increase system capacity without reducing communication quality 

beyond consumer tolerance thresholds. At the same time usage of mobile 

communication equipment for transmission of data rather than speech has become 

increasingly popular by consumers. The ability to send and receive electronic mail and 

to use a web browser to obtain world-wide-web access is frequently discussed among

15 services that will be used more and more in wireless communication systems. In

response to this, communication system designers search for ways to efficiently transfer 

data information to and from mobile users.

There are fundamental differences between requirements for data 

communication and e.g., speech communication. For example, delay requirements are

20 higher for speech, which is a real time service, and the error requirements are higher 

for data communication, while the delay constraints are lower. The use of packet data 

protocols, which are more suitable for transmission of data than circuit switched 

protocols, starts to find its way into cellular communication systems. Packet service 

integration in both GSM cellular systems as well as DAMPS cellular systems is

25 presently being standardized.

Today, GSM systems provide a circuit switched data service, which can be used 

to interconnect with external data networks. The circuit switched data service is used 

for both circuit switched as well as packet switched data communication. To make 

packet switched data communication more efficient, a new packet switched data service

30 called GPRS, (General Packet Radio Services) is introduced. GPRS will support both
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connectionless protocols (e.g., IP) as well as a connection-oriented protocol (X.25).

One of the advantages with a packet switched data communication protocol is that a 

single transmission resource can be shared between a number of users. Thus, in the 

case of e.g., a GSM cellular system, a timeslot on a radiofrequency carrier can be

5 utilized by several mobile users for reception and transmission of data.

GPRS is a GSM service and parts of the GSM infrastructure will be used. The

GSM communication system is described in the European Telecommunication Standard 

Institute (ETSI) documents referenced below.

The aims of introducing a packet data protocol in cellular systems are mainly to

10 be able to support high data rate transmissions and at the same time achieve flexibility 

and efficient utilization of the radio frequency bandwidth over the air interface. The 

concept of GPRS can be implemented in any TDMA system and extended also for 

multicarrier/multislot protocols, where a single user is allowed to occupy more than 

one transmission resource simultaneously.

15 In order to provide various communication services, a corresponding minimum

user bit rate is required. For example, for voice and/or data services, user bit rate 

corresponds to voice quality and/or data throughput with a higher user bit rate 

producing better voice quality and/or higher data throughput. The total user bit rate is 

determined by a selected combination of channel FEC coding and modulation, in

20 combination with the number of transmission resources allocated for a user. For

example, in a TDMA system the number of transmission resources corresponds to the 

number of timeslots.

Different communication systems use different FEC coding schemes to 

communicate voice or data information. The modulation techniques include, for

25 example, Gaussian Minimum Shift Keying (GMSK), Quadrature Phase Shift Keying 

(QPSK) and different levels of Quadrature Amplitude Modulation (QAM).

Combinations of the FEC coding and modulation schemes may provide different user 

bit rates. Usually a high user bit rate combination implies a need for a channel with 

low interference level, whereas a low user bit rate combination has a lower requirement

30 on interference. A conventional term used to indicate tolerance to high or low
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interference levels is robustness. The robustness is usually indicated by a carrier-to- 

interference level measure (C/I ratio). This ratio expresses the relation between the 

signal strength of the useful signal on a radio channel and the interference level on that 

channel. Other indications of robustness may also be applied, e.g., carrier to noise

5 ratio (C/N). For brevity, C/I is used throughout this text.

Conventionally, a communication system operates using a single modulation 

scheme and a single FEC coding scheme with a certain rate for transmission of 

information under all radio channel conditions. However, as the number of mobile 

users increases, the radio channel conditions become more diverse in different areas

10 and at different times. The interference from several simultaneous transmissions may 

severely degrade performance for a certain combination of modulation and FEC coding 

with a high user bit rate, while at other instants, the interference level may be low 

enough to allow for such a combination. More recently, however, dynamic adaptation 

of modulation and FEC coding scheme combinations used for transmission in

15 radiocommunication systems has been considered as an alternative. Depending upon 

the radio channel conditions, a suitable combination with a sufficient robustness may be 

applied and an optimal user bit rate may be provided. Switching between different 

combinations of modulation and FEC coding during transmission is called link 

adaptation and this feature is being considered for future radiocommunication systems

20 and as an improvement for existing systems. An example of a communication system 

employing multiple modulation schemes is found in U.S. Patent No. 5,577,087.

Therein a technique for switching between a higher level QAM and QPSK is described. 

The decision to switch between modulation types is made based on quality 

measurements, however this system employs a constant user bit rate which means that a

25 change in modulation also requires a change in channel user bit rate, e.g., the number 

of timeslots used to support a transmission channel.

Thus, it is possible to consider providing different link protocols, i.e., 

combinations of different types of modulation and channel FEC coding in one system, 

which link protocols are adaptively changed for a particular radio channel condition,

30 i.e., radio link. For example, two link protocols may exist in a system, where one has
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a lower robustness (i.e., using less FEC coding and/or a less robust modulation) and 

one has a higher robustness (i.e., using more FEC coding and/or more robust 

modulation). The link protocol being used by the system at any given time is referred 

to herein as a realization.

5 Link protocol performance can be characterized by Bit Error Rates (BER) as a

function of signal quality, e.g., C/I. A less robust link protocol is typically sensitive to 

interference, i.e., needs high C/I to achieve low BER. On the other hand, a less robust 

protocol also provides a higher user bit rate. Since the C/I varies between links in a 

system, different protocols are suited for different links. A link adaptation algorithm

10 adaptively selects the realization that maximizes the throughput or user perceived 

quality. Since the C/I varies with time, the realization should be reevaluated 

continuously. The time between these realization reevaluations is referred to herein as 

the update interval.
When a transmission link is initially established, there may be no or limited

15 previous information regarding the quality of the radio channel. It is therefore difficult 

to select the correct realization from the beginning, i.e., an initial realization that 

maximizes the throughput on that particular radio channel. Thus, it is likely that a non- 

optimal (e.g., fixed/default or based on inaccurate link quality estimates) realization 

will be used as an initial choice.

20 It is known in the literature that evaluating the performance of a particular

realization and selectively change to another realization, i.e., link protocol, has 

occurred at fixed update intervals. However, Applicants have recognized that using a 

fixed update interval for link adaptation may lessen throughput because, for example, 

the initial realization is frequently non-optimal. Thus innovative techniques for link

25 adaptation techniques are needed.
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Any discussion of documents, devices, acts or knowledge in this 

specification is included to explain the context of the invention. It should not be 

taken as an admission that any of the material formed part of the prior art base or 

the common general knowledge in the relevant art in Australia on or before the

5 priority date of the claims herein.

“Comprises/comprising” when used in this specification is taken to specify 

the presence of stated features, integers, steps or components but does not 

preclude the presence or addition of one or more other features, integers, steps, 

components or groups thereof.”

10 SUMMARY

According to a first aspect of the invention there is provided a method for 

transmitting information in a communication system including the steps of:

a) selecting a first realization for transmitting said information;

b) transmitting said information using said first realization during a first 

15 update interval;

c) evaluating a performance associated with information transmitted 

using said first realization;

d) selectively changing to a second realization based upon a result of 

said evaluating step; and

20 e) continuing to transmit said information during a second update

interval using one of said first and second realizations, wherein said second 

update interval has a different duration than said first update interval.

According to a second aspect of the invention there is provided a method 

for transmitting data in a communication system including the steps of:

25 transmitting data using a link protocol; and

evaluating said transmitted data to determine if a change in said link

protocol is desirable after a variable update interval expires.

According to a third aspect of the invention there is provided a

transmission device including:

30 a transmitter for transmitting data using a selected one of at least two

modulation/FEC coding schemes; and
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a processor for evaluating a quality of said transmission to determine if a 

change in said selected modulation/FEC coding scheme is desirable at the end of 

a variable update interval.

According to a fourth aspect of the invention there is provided a method for 

5 evaluating a currently selected one of a plurality of link protocols including the

step of:

evaluating said currently selected link protocol after a variable update 

interval expires, said variable update interval having a duration based on at least 

one of:

10 existence/reliability of link quality measurements, transmission size, and

quality of transmission during a previous update interval and selectively changing 

said currently selected link protocol based on a result of said evaluation.

In embodiments the present invention presents techniques and systems 

for a variable update interval which

15
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increases system throughput. The update interval can be variable, for example, in 

terms of time, amount of information, erroneously transmitted blocks, or LLC frames. 

The duration of the update interval can be changed based upon parameters such as, the 

existence and/or reliability of link quality measurements, total amount of data to be

5 transmitted and the quality of transmission during the previous update interval.

According to one exemplary embodiment, an initial update interval has a

relatively short duration. In this way, if a non-optimal realization is selected initially, 

it can be rapidly changed to a more optimal realization so that the deleterious effects of 

the poor initial selection are minimized.

10

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, features and advantages of the present invention will 

become more apparent upon reading from the following detailed description, taken in

15 conjunction with the accompanying drawings, wherein:

FIG. 1 is a block diagram of an exemplary GPRS network in which the present

invention can be implemented;

FIG. 2 depicts an exemplary packet transformation flow for the system of

FIG. 1;

20 FIG. 3 is a graph illustrating data throughput as a function of link quality for

two different modulation/FEC coding schemes;

FIG. 4 depicts an amount of time used to transmit data when using a 

conventional, fixed update interval;

FIG. 5 depicts an amount of time used to transmit the same data as in FIG. 4, 

25 but using a variable update interval in accordance with an exemplary embodiment of

the present invention; and

FIG. 6 is a flowchart illustrating how an update interval can be varied as a 

function of time according to one exemplary embodiment of the present invention.
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DETAILED DESCRIPTION

The following exemplary embodiments are provided in the context of TDMA 

radiocommunication systems. However, those skilled in the art will appreciate that this 

access methodology is merely used for the purposes of illustration and that the present

5 invention is readily applicable to all types of access methodologies including frequency 

division multiple access (FDMA), TDMA, code division multiple access (CDMA) and 

hybrids thereof.

Moreover, operation in accordance with GSM communication systems is 

described in European Telecommunication Standard Institute (ETSI) documents ETS

10 300 573, ETS 300 574 and ETS 300 578, which are hereby incorporated by reference.

Therefore, the operation of the GSM system in conjunction with the proposed GPRS 

optimization for packet data (hereafter referred to simply as "GPRS") is only described 

herein to the extent necessary for understanding the present invention. Although, the 

present invention is described in terms of exemplary embodiments in an enhanced

15 GPRS system, those skilled in the art will appreciate that the present invention could be 

used in a wide variety of other digital communication systems, such as those based on 

PDC or D-AMPS standards and enhancements thereof. Moreover, although the present 

invention is described in the context of packet-switched connections, it is equally 

applicable to circuit-switched connections.

20 An overview of the GPRS network architecture can be found in Figure 1.

Information packets from external networks 122, 124 will enter the GPRS network at a 

GGSN (Gateway GPRS Service Node) 120. The packet is then routed from the GGSN 

via a backbone network, 118, to a SGSN (Serving GPRS Support Node), 116, that is 

serving the area in which the addressed GPRS mobile resides. From the SGSN the

25 packets are routed to the correct BSS, (Base Station System), in a dedicated GPRS 

transmission. A GPRS register may, or may not be integrated with the HLR (Hone 

Location Register) of the GSM system. Subscriber data may be interchanged between 

the SGSN and MSC to ensure service interaction, such as e.g., restricted roaming.

In Figure 2 is depicted a packet transformation flow for a GPRS system. This

30 is also briefly described in the article by D. Turina et al, entitled “A Proposal For
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Multi-Slot MAC Layer Operation for Packet Data Channel in GSM", ICUPC, ‘96, 

vol. 2, pp. 572-276, the disclosure of which is hereby incorporated by reference. The 

packets which are received from the network, 210, are mapped onto one or more 

logical link control (LLC) frames 212, each containing an information field, a frame

5 header (FH) and a frame check sequence (FCS). An LLC frame is mapped onto a 

plurality of radio link control blocks (RLC blocks) or radio blocks 216, each of which 

include a block header (BH), information field and block check sequence (BCS), which 

can be used in the receiver to check for errors in the information field. The radio 

blocks are further mapped into physical layer bursts. In a GPRS system, one radio

10 block is mapped onto four bursts in the GSM transmission protocol.

In systems according to the present invention, the mobile stations (not shown)

and BSSs 110 support at least two link protocols (i.e., FEC coding and/or modulation 

schemes). For more details regarding exemplary mobile station and base station 

implementations, the interested reader is referred to U.S. Patent Application Serial No.

15 08/921,319, entitled "A Link Adaptation Method For Links Using Modulation Schemes

That Have Different Symbol Rates", to Magnus Frodigh et al., and filed on August 29, 

1997, the disclosure of which is expressly incorporated here by reference. Thus, such 

a system could have at least two modulation schemes and one FEC coding scheme, at 

least two FEC coding schemes and one modulation scheme or plural modulation

20 schemes and plural FEC coding schemes. The selection of one of the link protocols as 

the initial realization can be performed in any desired manner, e.g., a default initial 

realization can be designated or the system can attempt to determine an initial 

realization based upon any desired parameter (i.e., anticipated channel quality, desired 

bitrate of the connection, amount of data to be transmitted etc.).

25 After the link has been established using the initial realization, the link

performance will be evaluated to determine whether the initial realization is optimal for 

this particular link. Additionally, the realization should be evaluated on an ongoing 

basis since link quality may change significantly over time. As described above, link 

quality can be evaluated at fixed update intervals, e.g., every 200 ms. However, fixed

30 update intervals may not provide optimal throughput under some circumstances.
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For example, to maximize the throughput of an entire transmission it is necessary 

to select the correct realization from the beginning. That is not possible without 

information regarding the channel quality in advance of the actual transmission. The first 

part of the transmission may, therefore, be inefficient and submitted to increased delay.

5 This problem is especially severe in mobile applications, where a large fraction of very 

short transmissions can be expected. For short transmissions the entire transmission may 

take place using a non-optimal realization before a realization change can be made.

This problem, and the solution according to the present invention, will be best 

understood by considering an illustrative example. -Suppose that a user in the GPRS

10 system described above (having two different link protocols) is just about to initiate a 

data transmission of 4 kbits. At this particular instant in time, the link quality for this 

user is such that the achievable data rates for the two realizations are 10 kbps and 20 

kbps, respectively. This is illustrated in the graph of Figure 3, which depicts an 

exemplary relationship between throughput and link quality. Therein the more robust

15 realization A provides 10 kbps at link quality ‘X’, while the less robust realization B 

provides 20 kbps for the same link quality.

The system, however, typically has no or limited knowledge of the link quality 

at this particular time and, therefore, selects the more robust realization initially, in this 

case realization A. First, assume that fixed length update intervals of, e.g., 200 ms are

20 used. In this case, 2 kbits of the transmission will be transmitted using the non-optimal 

modulation and FEC coding scheme A, i.e., at 10 kbps, before a switch to the optimal 

selection can be performed after the fixed update interval. After the reselection, the 

remaining 2 kbits of the transmission can transmitted at 20 kbps. Thus, the total 

transmission time of the packet using a fixed update interval is 300 ms as illustrated in

25 Figure 4.

Next, using the teachings of the present invention, assume that the update 

interval is variable. In particular, assume that a relatively short initial update interval 

of, e.g., 40, ms is used due to the lack of link quality measurements at the start of the 

transmission. In this case, only 0.4 kbits are transmitted using the non-optimal

30 realization A, whereas the remaining 3.6 kbit are sent using the optimal realization B as
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seen in Figure 5. The total transmission time has now decreased to 220 ms; a decrease 

of 27%, corresponding to a throughput increase of 36%.

The foregoing illustrates one example of variable update intervals for link 

protocol evaluation, i.e., making the initial update interval relatively small to reduce 

the impact of a non-optimal initial realization selection. However, the present 

invention encompasses all types of variable update intervals and many different 

techniques for adaptively selecting a particular sequence of update intervals based upon 

the characteristics of a contemplated data transmission.

For example, in addition to varying the update interval as a function of time, the 

update interval may also be variable in terms of:

1) transmission size [bits/bytes/blocks] of the data packets, e.g., a first 

update occurs after 5 blocks have been transmitted, while a second update occurs after 

another 10 blocks are transmitted;

2) the number of erroneously received failed blocks reported, e.g., a first 

update occurs after 5 erroneously received blocks are reported and a second update 

occurs after another 10 erroneously received blocks are reported; and/or

3) a number of LLC frames, in one specific exemplary embodiment based 

on the GPRS system, e.g., a first update occurs after 5 LLC frames have been 

transmitted and a second update occurs after 10 LLC frames have been transmitted. 

Moreover any combination of these parameters could be used to create a variable 

update interval function.

In addition to the parameters which dictate when update intervals occur in the 

transmission cycle, the lengths of the update intervals may also vary based on one or 

more of:

a) existence or reliability of link quality measurements, e.g., the fewer or 

less reliable the link quality measurements, the shorter the update interval;

b) size of information to be transmitted, e.g., the less information to be 

transmitted, the smaller the update interval; and

c) quality of transmission during last update interval, e.g., the lower the 

quality of transmission, the smaller the next update interval will be.
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The example described above with respect to Figures 4 and 5 illustrates how 

the update interval can be varied when the link quality measurements are nonexistent, 

or have lower reliability, in the beginning of the transmission. However, the same 

conditions may also apply after inter- or intra-cell handovers to another channel. A

5 change of the update interval may also be desirable just after a request for changing 

realization or based upon the frequency of realization change requests. The reliability 

of the link quality measurements may actually be measured in terms of, e.g,. standard 

deviation. When the reliability of the link quality measurements is low, a shorter 

update interval is typically used.

10 According to an exemplary embodiment of the present invention, the lengths of

the update intervals may be controlled in the following manner with reference to the 

flowchart of Figure 6. Initially, a short update interval, e.g., 40 ms, is used at step 

70. If no realization changes are made after one or more update intervals have elapsed 

(step 72), e.g., because the bit error rate and/or the throughput are acceptable, then the

15 variable update interval can be increased, e.g., by another 40 ms, at step 74.

Otherwise, if a realization change (or request therefor) is made, the update interval is 

reset to the initial shorter value by following the “YES” branch from decision block 74. 

Alternatively, the update interval can also be reset whenever a predetermined event, 

e.g., handoff, occurs that would benefit from a shorter update interval. This process

20 can provide successive increases in the length of the update interval as illustrated by 

block 76, until the transmission is ended.

Another factor which can be considered in setting the initial update interval at 

step 70 is the time since a last transmission occurred. For example, if the time since 

the last transmission is short, a longer initial update interval, e.g., 60 ms, could be

25 used. A timer (not shown) that tracks the time since the last transmission can be used 

to determine how long the initial update interval should be. The longer the time that 

has passed since the last transmission, the shorter initial update interval’s duration. 

With the additional information of the frequency of the realization changes, the timer 

thresholds can be set to different values. For example, a previously high frequency of

30 realization changes implies shorter update time intervals.
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In one exemplary embodiment where link adaptation is performed on an LLC 

level, i.e., the update interval ends after each LLC frame, the size of LLC blocks may be 

utilized to achieve a shorter initial update interval. When the network packet data is 

segmented into several LLC frames, this segmentation seldom results in a whole number

5 of LLC frames having full length. Typically, at least one LLC frame is shorter than a full

frame, which frame is typically the last LLC frame in the sequence. By transmitting this 

last LLC frame first, the initial update interval can be made as short as possible, i.e., as 

short as the shortest LLC frame. It would also be possible to specify a certain length of 

the first LLC frame transmitted, and consider this length in the mapping from the network

10 packet data as well.

According to another embodiment, the update interval can be varied based upon 

the change in realization. For example, if a system has six different link protocols of 

varying robustness, a very short update interval may be used after a change from the most 

robust link protocol to the least robust protocol. Alternatively, if the change is only from

15 the most robust link protocol to the second most robust protocol, then a larger update 

interval can be used.

Although the invention has been described in detail with reference only to a few 

exemplary embodiments, those skilled in the art will appreciate that various 

modifications can be made without departing from the invention. Accordingly, the

20 invention is defined only by the following claims which are intended to embrace all 

equivalents thereof.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for transmitting information in a communication system including 

the steps of:

a) selecting a first realization for transmitting said information;

b) transmitting said information using said first realization during a first 

update interval;

c) evaluating a performance associated with information transmitted 

using said first realization;

d) selectively changing to a second realization based upon a result of 

said evaluating step; and

e) continuing to transmit said information during a second update 

interval using one of said first and second realizations, wherein said second 

update interval has a different duration than said first update interval.

2. The method of claim 1, further including the step of:

selecting durations for at least one of said first and second update intervals 

based on at least one of: existence/reliability of link quality measurements, 

transmission size, an amount of change realization robustness and quality of 

transmission during a previous update interval.

3. The method of claim 1 or 2, wherein said information includes data 

packets.

4. The method of claim 1,2 or 3 further including the step of:

using said first update interval after one of the following events occur: 

handover, channel reselection and a realization change.

5. The method of claim 4 wherein said first update intervals is only used after 

said event if a certain time has passed since a last transmission occurred.

6. The method of any one of claims 1 to 5 wherein said first update interval is 

shorter than said second update interval.

&
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7. The method of any one of claims 1 to 6 wherein said first and second 

update intervals correspond to multiples of whole logical link control (LLC) 

frames.

• · ·• · «• · ·• · · ·• ·• · «• · «• · · ·• · 4

8. A method for transmitting data in a communication system including the 

steps of:

transmitting data using a link protocol; and

evaluating said transmitted data to determine if a change in said link 

protocol is desirable after a variable update interval expires.

9. The method of claim 8, wherein said variable update interval varies in 

terms of time.

10. The method of claim 8, wherein said variable update interval varies in 

terms of total data to be transmitted.

11. The method of claim 8, wherein said variable update interval varies in 

terms of a number of failed data blocks reported.

12. The method of claim 8, wherein said variable update interval varies in 

terms of a number of logical link control (LLC) frames.

13. The method of claim 8, wherein a duration of said variable update interval 

varies based upon at least one of: existence/reliability of link quality 

measurements, transmission size, and quality of transmission during a previous 

update interval.

14. The method of any one of claims 8 to 13, wherein said variable update 

interval is determined by:

starting with an initial update interval; and

successively increasing a duration of said initial update interval unless a 

predetermined event occurs.
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15. The method of claim 14, wherein said predetermined event is one of: a 

handoff, a channel reselection and a realization change.

16. The method of any one of claims 8 to 15, wherein said link protocol is a 

modulation/FEC coding scheme and said step of evaluating further includes the 

step of:

evaluating bit error rate performance of said transmitted data and 

selectively changing to a different link protocol for transmissions performed until a 

next variable update interval.

17. A transmission device including:

a transmitter for transmitting data using a selected one of at least two 

modulation/FEC coding schemes; and

a processor for evaluating a quality of said transmission to determine if a 

change in said selected modulation/FEC coding scheme is desirable at the end of 

a variable update interval.

18. The transmission device of claim 17, wherein said variable update interval 

varies in terms of at least one of: amount of information, failed blocks and logical 

link control (LLC) frames.

19. The transmission device of claim 17, wherein a duration of said variable 

update interval varies in terms of at least one of: existence/reliability of link quality 

measurements, transmission size, and quality of transmission during a previous 

update interval.

20. The transmission device of claim 17, 18 or 19, wherein said processor 

changes said selected modulation/FEC coding scheme at the end of said variable 

update interval if transmission performance is below a predetermined threshold.

21. A method for evaluating a currently selected one of a plurality of link 

protocols including the step of:
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evaluating said currently selected link protocol after a variable update 

interval expires, said variable update interval having a duration based on at least 

one of:

existence/reliability of link quality measurements, transmission size, and 

quality of transmission during a previous update interval and selectively changing 

said currently selected link protocol based on a result of said evaluation.

22. A method substantially as herein described with reference to figure 5 or 6.

23. A device substantially as herein described with reference to figure 5 or 6.
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