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(57) ABSTRACT 

A method and system for acknowledging the receipt of a 
transmitted data stream in a wireless personal area network 
(WPAN) are disclosed. In one embodiment, a plurality of 
medium access control (MAC) protocol data units (MPDUs) 
are transmitted from a transmitting party to a receiving party, 
and the receiving entity sends a delayed acknowledgment 
frame to the transmitting party using a bitmap field for each 
of the fragmented packets instead of using two bytes of an 
MPDU block for acknowledging each received MPDU. The 
bitmap field includes a plurality of bitmap values corre­
sponding to the plurality of MPDUs, and each of the 
plurality of bitmap values is indicative of whether each of 
the MPDUs is received or not. 
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METHOD AND SYSTEM FOR ACKNOWLEDGING 
THE RECEIPT OF A TRANSMITTED DATA 

STREAM IN A WIRELESS PERSONAL AREA 
NETWORK 

RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 
119(e) from provisional application No. 60/576,019 filed on 
Jun. 1, 2004, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a wireless data commu­
nication system, and particularly to a method and system for 
acknowledging the receipt of a transmitted data stream in a 
wireless personal area network (WPAN). 

[0004] 2. Description of the Related Technology 

[0005] Recently, a variety of computer network systems 
that make use of wireless communication systems have been 
widely used. Such network systems include a local area 
network (LAN), a wide area network (WAN), a wireless 
local area network (WLAN), a wireless personal area net­
work (WPAN), a general packet radio service (GPRS) 
network and other wireless network systems. The network 
systems allow communication between various end termi­
nals such as a personal computer (desktop, laptop, and 
palmtop), a mobile phone, or other portable communication 
devices. 

[0006] In most of the above networks, when an end 
terminal device transmits data, it encapsulates the data into 
a sequence of packets with the destination address being 
placed inside the header of each packet. Each packet is then 
transmitted onto a network. All other connected devices read 
the address in the packet header, but a device will only read 
the data in a packet if it recognizes its own address. Once the 
packet has been read, the destination device acknowledges 
the receipt of a received packet by responding to the source 
(the source address is also placed in the packet header). The 
acknowledgment packet tells the source that the data was 
received successfully, or that it was corrupt and re-trans­
mission is necessary. 

SUMMARY OF CERTAIN ASPECTS OF THE 
INVENTION 

[0007] One aspect of the invention provides a method of 
acknowledging the receipt of a transmitted data stream in a 
wireless personal area network (WPAN). The method com­
prises transmitting a plurality of fragmented packets 
(MPDUs) from a transmitting entity to a receiving entity, 
and sending a delayed acknowledgement frame, at the 
receiving entity, which acknowledges the receipt of each of 
the plurality of MPDUs using a bitmap field. 

[0008] Another aspect of the invention provides a method 
of acknowledging the receipt of a transmitted data stream in 
a wireless personal area network (WPAN). The method 
comprises receiving a plurality of fragmented packets 
(MPDUs) from a transmitting entity, and sending a delayed 
acknowledgement frame, which acknowledges the receipt of 
each of the plurality of MPDUs with a bitmap field, to the 
transmitting entity. 
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[0009] Another aspect of the invention provides a method 
of acknowledging the receipt of a transmitted data stream in 
a wireless personal area network (WPAN). The method 
comprises i) receiving a plurality of data packets from a 
transmitting entity, ii) determining which ones of the plu­
rality of data packets are fragmented, iii) generating a 
bitmap field which includes a plurality of bitmap values 
corresponding to the determined fragmented packets, 
wherein each of the plurality of bitmap values is indicative 
of whether each of the determined fragmented packets is 
received or not, iv) generating a delayed acknowledgement 
frame which includes the generated bitmap field, and v) 
sending the generated delayed acknowledgement frame to 
the transmitting entity. 

[0010] Still another aspect of the invention provides a 
system for acknowledging the receipt of a transmitted data 
stream in a wireless personal area network (WPAN). The 
system comprises a first piconet device configured to trans­
mit a plurality of fragmented packets (MPDUs), and a 
second piconet device configured to receive the plurality of 
MPDUs and send a delayed acknowledgement frame, which 
acknowledges the receipt of each of the plurality of MPDUs 
using a bitmap field, to the first piconet device. 

[0011] Still another aspect of the invention provides a 
system for acknowledging the receipt of a transmitted data 
stream in a wireless personal area network (WPAN). The 
system comprises a device operating within a network 
communicating using an IEEE 802.15.3 protocol and being 
programmed to i) receive a plurality of fragmented packets 
(MPDUs) from a transmitting entity, and ii) send a delayed 
acknowledgement frame, which acknowledges the receipt of 
each of the plurality of MPDUs with a bitmap field, to the 
transmitting entity. 

[0012] Still another aspect of the invention provides a 
computer data signal embedded in a carrier wave. The signal 
comprises a bitmap field including a plurality of bitmap 
values, each of the plurality of bitmap values indicative of 
whether each of a plurality of MAC protocol data units 
(MPDUS) is received or not, wherein the plurality of 
MPDUs form a MAC service data unit (MSDU) and are 
sequentially transmitted to a receiving entity, wherein the 
signal is a delayed acknowledgement frame and follows the 
protocol of the IEEE 802.15.3 standard. 

[0013] Yet another aspect of the invention provides one or 
more processor readable storage devices having processor 
readable code embodied on the processor readable storage 
devices, the processor readable code for programming one 
or more processors to perform a method of acknowledging 
the receipt of a transmitted data stream in a wireless personal 
area network (WPAN). The method comprises i) receiving a 
plurality of fragmented packets (MPDUs) from a transmit­
ting entity, and ii) sending a delayed acknowledgement 
frame, which acknowledges the receipt of each of the 
plurality of MPDUs with a bitmap field, to the transmitting 
entity. 

[0014] Yet another aspect of the invention provides a 
system for acknowledging the receipt of a transmitted data 
stream in a wireless personal area network (WPAN). The 
system comprises means for receiving a plurality of frag­
mented packets (MPDUs) from a transmitting entity, and 
means for sending a delayed acknowledgement frame, 
which acknowledges the receipt of each of the plurality of 
MPDUs with a bitmap field, to the transmitting entity. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The foregoing and other features of the invention 
will become more fully apparent from the following descrip­
tion and appended claims taken in conjunction with the 
following drawings, in which like reference numerals indi­
cate identical or functionally similar elements. 

[0016] FIG. 1 illustrates an exemplary wireless personal 
area network (WPAN) system. 

[0017] FIG. 2 illustrates a data format of a Medium 
Access Control (MAC) header according to the IEEE 
802.15 .3 standard. 

[0018] FIG. 3 illustrates a data format of a delayed 
acknowledgement frame according to the IEEE 802.15.3 
standard. 

[0019] FIG. 4 illustrates a data format of a delayed 
acknowledgement frame according to one embodiment of 
the invention. 

[0020] FIG. 5 illustrates an exemplary flowchart which 
shows a delayed acknowledgement procedure according to 
one embodiment of the invention. 

[0021] FIG. 6A illustrates an exemplary data format of a 
delayed acknowledgement frame in case of no loss of a 
fragment according to one embodiment of the invention. 

[0022] FIG. 6B illustrates an exemplary data format of a 
delayed acknowledgement frame in case of loss of a frag­
ment according to another embodiment of the invention. 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS OF THE INVENTION 

[0023] FIG. 1 illustrates an exemplary wireless personal 
area network (WPAN) system 100. The network system 100 
comprises devices 110-140 communicating data with each 
other. In one embodiment, the network system 100 follows 
the protocol of the IEEE 802.15.3 standard. In one embodi­
ment, the network system 100 can communicate with other 
peer IEEE 802.15.3 systems. 

[0024] In one embodiment, each of the devices 110-140 
includes one of the following: a digital video camera, a 
portable video display, a wireless surround speaker, an 
electronic game device, a printer, a cordless phone and other 
business and consumer device. 

[0025] In one embodiment, one of the devices 110-140 is 
determined to be a piconet coordinator 110 (or piconet 
controller; hereinafter "piconet coordinator"). Thereafter, 
the piconet coordinator 110 coordinates the data communi­
cation among the remaining devices 120-140 (typically 
referred to as "piconet devices" in the 802.15.3 standard) by, 
for example, providing time slots for each device to com­
municate data with each other. The piconet coordinator 110 
can return to a normal piconet device and another device can 
perform the piconet coordinator function. In this application, 
all of the devices 110-140 will be frequently referred to as 
piconet devices. 

[0026] In one embodiment, data communication within 
the system 100 (FIG. 1) is carried out using IEEE 802.15.3 
or other suitable wireless communication standards, either 
known today or developed in the future. The specification of 
IEEE 802.15.3 can be found in "Wireless Medium Access 
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Control (MAC) and Physical (PHY) Layer Specifications for 
High Rate Wireless Personal Area Networks (WPAN)", 
Draft P802.15.3/Dl 7, February 2003, which is incorporated 
herein by reference. The IEEE 802.15.3 standard provides 
portable consumer electronic devices with whole home 
coverage. The standard addresses, for example, the need for 
mobility, quality of service ( QoS) and fast connectivity for 
the broad range of consumer electronic devices. 

[0027] Typically, the data communication between the 
piconet devices 120-140 is performed within a short range 
distance, e.g., 10 m. In one embodiment, the piconet coor­
dinator 110 can coordinate the data communication with up 
to about 250 devices (although three piconet devices 120-
140 are shown in FIG. 1). 

[0028] A description of the general operation of a typical 
802.15.3 based network system, including a piconet coor­
dinator, can be found, for example, in "Wireless Medium 
Access Control (MAC) and Physical (PHY) Layer Specifi­
cations for High Rate Wireless Personal Area Networks 
(WPAN)", Draft P802.15.3/D17, February 2003, which is 
incorporated by reference herein. 

[0029] FIG. 2 illustrates a data format of a Medium 
Access Control (MAC) header according to the IEEE 
802.15.3 standard. In the 802.15.3 standard, a frame (or 
packet) typically includes a frame body and an error cor­
rection field (such as frame check sequence (FCS) field) in 
addition to the MAC header 200. The MAC header 200 
includes, among other things, a fragmentation control field 
210, and source and destination IDs (212, 214). The frag­
mentation control field 210 includes information related to a 
frame ( or packet) fragmentation. 

[0030] In one embodiment such as in the IEEE 802.15.3 
network, before transmission, a packet (generally referred to 
as a MAC service data unit (MSDU) in the 802.15.3 
standard) can be fragmented into a plurality of smaller 
packets or fragments. Each fragment is referred to as a MAC 
protocol data unit (MPDU) in the standard. Throughout this 
application, fragmented packets and fragments will be used 
interchangeably. 

[0031] Each fragment (MPDU) has the same data format 
as that of the entire data packet (MSDU). Thus, each of 
MSDU and MPDU includes the MAC header shown in FIG. 
2 as well as a frame body and an FCS. A destination device 
will reassemble the received fragmented packets. This 
method provides less chance of a packet being lost due to 
noise (higher loss probability of larger packets) and causes 
less bandwidth loss due to the small size of packet. In 
addition, even if the fragments are lost, an even smaller 
amount of data is actually lost compared to the entire packet 
transmission. Thus, this fragmentation and reassembling is 
frequently used in various communication standards. 

[0032] Each fragment is generally treated as an indepen­
dent packet during the transmission. Thus, an MPDU is 
frequently used to represent both an independent packet 
(MSDU) and a fragmented packet (MPDU) in the 802.15.3 
standard. After receiving each fragment, the destination 
device sends an acknowledgment (ACK) to the source 
device to indicate the reception of each of the fragmented 
packets. In the 802.15.3 standard, three acknowledgement 
frames are used: an immediate acknowledgement frame, a 
delayed acknowledgement frame and a no acknowledge-
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ment frame. The immediate acknowledgement frame is sent 
to acknowledge an individual packet as soon as it is received 
by a receiving entity. The delayed acknowledgement is sent 
to acknowledge a group ( or block) of packets after the entire 
group of packets are received. The no acknowledgement is 
used if the transmitter does not want the transmitted packet 
to be acknowledged by the receiver. Various embodiments of 
the invention relate to the delayed acknowledgement. 
Throughout the specification, a delayed acknowledgement 
(frame) and an acknowledgement (frame) will be used 
interchangeably. 

[0033] In one embodiment as shown in FIG. 2, the frag­
mentation control field 210 (e.g., 24 bits assigned according 
to the 802.15.3 standard) includes, among other things, a last 
fragment number field 220 (7 bits assigned according to the 
802.15.3 standard), a fragment number field 230 (e.g., 7 bits 
assigned according to the 802.15.3 standard) and an MSDU 
number field 240 (9 bits assigned according to the same 
standard). 

[0034] The MSDU number field 240 represents the num­
ber of an MSDU which includes a set of fragments (MPDUs; 
if fragmented) being transmitted. The fragment number field 
230 represents the number of a fragment (MPDU) which is 
being transmitted. In the case of an MSDU being fragmented 
into a plurality of MPDUs, the MSDU numbers of all of the 
plurality of MPDUs remain the same but the fragment 
number of each MPDU is incremented by one. In one 
embodiment, one MSDU can include up to 128 fragments 
(MPDUs; 7bits=27 =128; see "230" in FIG. 2). The last 
fragment number field 220 represents the total number of 
fragments which belong to the fragmented MSDU. 

[0035] FIG. 3 illustrates a data format of a delayed 
acknowledgement frame according to the 802.15.3 standard. 
The delayed acknowledgement frame 300 includes an FCS 
field 310, a frame body 320 and a MAC header 330. The 
frame body 320 includes, among other things, a plurality of 
MPDU IDs fields (from block 1 to block n; each field 
assigned 2 bytes in the 802.15.3 standard). The frame body 
320 is used to acknowledge received fragmented packets or 
non-fragmented packets. 

[0036] As shown in FIG. 3, in the current 802.15.3 
standard, each packet (either fragmented (MPDU) or non­
fragmented (MSDU)) is acknowledged individually using 
two bytes (16 bits). For example, if two MSDUs (one 
fragmented into 10 MPDUs and the other non-fragmented) 
are transmitted, 22 bytes (2 bytes per MPDU (20 bytes) and 
2 bytes per MSDU) are required to acknowledge the trans­
mitted packets. The size of the frame body 320 of the 
delayed acknowledgement frame can significantly increase 
as the number of fragmented packets increases. 

[0037] If multiple MSDUs (at least one of them frag­
mented) are received and needed to be acknowledged using 
this delayed acknowledgement method, the size of the 
delayed acknowledgement frame can be significant. The 
more MSDUs are fragmented, the more communication 
overhead will be caused. The significant increase in the 
frame body of a delayed acknowledgement frame can 
require higher bandwidth to transmit and reduces the 
throughput efficiency. Furthermore, the increase in the frame 
body also increases the loss probability of a transmitted 
packet, which may cause the retransmission of all the 
packets and hence wastage of bandwidth. Thus, a more 
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efficient delayed acknowledgment in a wireless communi­
cation environment, such as the IEEE 802.15.3 based net­
work is desired. 

[0038] One aspect of the invention provides a system and 
method of acknowledging the receipt of a transmitted data 
stream in a wireless personal area network, wherein a 
plurality of MPDUs are transmitted from a transmitting 
party to a receiving party, and wherein the receiving party 
sends a delayed acknowledgment frame to the transmitting 
party using a bitmap field for each of the fragmented packets 
instead of using two bytes of an MPDU block for acknowl­
edging each received MPDU. The bitmap field includes a 
plurality of bitmap values corresponding to the plurality of 
MPDUs, and each of the plurality of bitmap values is 
indicative of whether each of the MPDUs is received or not. 

[0039] FIG. 4 illustrates an exemplary data format of a 
delayed acknowledgement frame according to one embodi­
ment of the invention. The delayed acknowledgement frame 
400 includes an FCS field 410, a frame body 420 and a MAC 
header 430. In one embodiment, the frame body 420 
includes, among other things, at least one MSDU field (2 
bytes assigned in the 802.15.3 standard) and a bitmap field 
(up to 16 bytes assigned in the 802.15.3 standard), if this 
MSDU has at least one fragment. In one embodiment shown 
in FIG. 4, the frame body 420 includes a plurality of MSDU 
fields (from MSDU 1 to MSDU n) and a plurality of bitmap 
fields corresponding to the plurality of MSDU fields (if all 
of MSDUs are fragmented). The frame body 420 also 
includes a "MPDUs Acked" (MPDUs acknowledged) field 
(1 byte=8 bits assigned in 802.15.3 standard). Thus, in the 
standard, one delayed acknowledgement frame can include 
up to b 256 packets (28) regardless of the packets being 
fragmented or non-fragmented. 

[0040] In one embodiment, the frame body 420 includes 
two MSDU blocks each of which includes 128 fragments 
and a bitmap field corresponding to the 128 fragments. If 
there are no fragmented packets received, no bitmap field 
will be generated. In this situation, the fragment number 
fields 220, 230 shown in FIG. 2 will be set to be zero. In one 
embodiment, some MSDUs are fragmented and others are 
not depending on communication circumstances. For each 
of the fragmented MSDUs, there will be a bitmap field 
generated and added to the acknowledgement frame as 
shown in FIG. 4. For the non-fragmented MSDUs, there 
will be no bitmap field generated. 

[0041] Each MSDU block includes a first fragment num­
ber field 440 and an MSDU number field 450. The MSDU 
number field 450 (9 bits assigned in the 802.15.3 standard) 
represents the number of an MSDU which is being delayed 
acknowledged. The first fragment number field 440 repre­
sents the fragment number (see FIGS. 6A and 6B) from 
which the delayed acknowledgement starts. In one embodi­
ment, this first fragment number is obtained from the frag­
ment number field 230 (see FIG. 2) of the received frame's 
MAC header 200. 

[0042] FIG. 5 illustrates an exemplary flowchart which 
shows a delayed acknowledgment procedure according to 
one embodiment of the invention. In one embodiment, the 
acknowledgment procedure 500 is implemented in a con­
ventional programming language, such as C or C++ or 
another suitable programming language. In one embodiment 
of the invention, the program is stored on a computer 
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accessible storage medium at the piconet devices 110-140. 
In another embodiment, the program can be stored in other 
system locations so long as it can perform the acknowledg­
ment procedure 500 according to embodiments of the inven­
tion. The storage medium may comprise any of a variety of 
technologies for storing information. In one embodiment, 
the storage medium comprises a random access memory 
(RAM), hard disks, floppy disks, digital video devices, 
compact discs, video discs, and/or other optical storage 
mediums, etc. 

[0043] In another embodiment, each of the pico net devices 
110-140 comprises a processor (not shown) configured to or 
programmed to perform the acknowledgment procedure 
500. The program may be stored in the processor or a 
memory of the piconet devices 110-140. In various embodi­
ments, the processor may have a configuration based on Intel 
Corporation's family of microprocessors, such as the Pen­
tium family and Microsoft Corporation's windows operating 
systems such as WINDOWS 95, WINDOWS 98, WIN­
DOWS 2000 or WINDOWS NT. In one embodiment, the 
processor is implemented with a variety of computer plat­
forms using a single chip or multichip microprocessors, 
digital signal processors, embedded microprocessors, micro­
controllers, etc. In another embodiment, the processor is 
implemented with a wide range of operating systems such as 
Unix, Linux, Microsoft DOS, Microsoft Windows 2000/9x/ 
ME/XP, Macintosh OS, OS/2 and the like. In another 
embodiment, the acknowledgment procedure 500 can be 
implemented with an embedded software. 

[0044] In one embodiment, the procedure 500 of FIG. 5 
may be implemented with the IEEE 802.15.3 standard. For 
convenience, the procedure 500 will be explained based on 
the IEEE 802.15.3 standard. Depending on the embodi­
ments, additional states may be added, others removed, or 
the order of the states changes. 

[0045] Referring to FIGS. 1 and 4-6, the operation of 
each of the piconet devices 110-140 will be described in 
more detail. In one embodiment, data communication within 
the system 100 is carried out using the IEEE 802.15.3 
standard. Each of the piconet devices 110-140 can be a 
receiving entity and a transmitting entity. During a certain 
period of time, one of the piconet devices 110-140 can act 
as a receiving entity while another of the piconet devices 
110-140 can act as a transmitting entity. 

[0046] Referring to FIG. 5, the receiving entity receives 
frames (either MPDUs or MSDUs) and checks the MAC 
header of each of the received frames from a transmitting 
entity (510). In procedure 520, the receiving device deter­
mines whether or not the received frames are fragmented. 
Since the fragmentation control field 210 of the MAC header 
200 (see FIG. 2) includes information as to whether a 
transmitted frame is fragmented or not, this procedure can be 
performed by checking the fragmentation control field 210 
of the MAC header 200 of each received frame. 

[0047] If it is determined in procedure 520 that the 
received frames are fragmented, the receiving entity decides 
the size of a bitmap field, to be generated, for each of the 
received MSDUs based on the number of the fragments 
(540). As one example, it is assumed that there are three 
MSDUs being transmitted, wherein each of MSDUs 1 and 
3 is fragmented into ten MPDUs, and MSDU 2 is not 
fragmented. In one embodiment such as in 802.15.3 stan-
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dard, if the number of fragments for an MSDU is equal to 
or less than 8, one byte of a bitmap field is generated and 
added. Also, if the number of fragments for an MSDU is 
greater than 8 but equal to or less than 16, two bytes of a 
bitmap field may be generated and added. Similarly, if the 
number of fragments for an MSDU is greater than 120 but 
equal to or less than 128, sixteen bytes of a bitmap field may 
be generated and added. 

[0048] In contrast, if no fragment is received (i.e., non­
fragmented MSDU), a bitmap field is not added to an 
acknowledgement frame for the non-fragmented MSDU 
(530). In this situation, two bytes are used to acknowledge 
the non-fragmented MSDU packet as in the current 802.15.3 
standard. 

[0049] The receiving entity prepares a modified delayed 
acknowledgement frame by appropriately setting the bitmap 
field, if applicable (550). For example, in FIG. 4, if only 
MSDU 1 is fragmented and the remaining MSDUs are not 
fragmented, a bitmap field is added only to the MSDU 1 and 
the rest of the MSDUs would not have a bitmap field 
therefore in the delayed acknowledgement frame. The 
receiving entity ( one of the devices 110-140) transmits the 
prepared delayed acknowledgement frame to the transmit­
ting entity ( another of the devices 110-140) ( 560). 

EXAMPLE 

[0050] An example, which quantifies the advantage of one 
embodiment of the invention over the current 

[0051] 802.15.3 standard, will be described. It is assumed 
that 256 MPDUs, which have been fragmented from two 
MSDUs (each fragmented into 128 MPDUs), transmitted 
and need to be delayed acknowledged. Under the current 
802.15.3 standard, since each fragmented MPDU needs two 
bytes for a delayed acknowledgement, the size of the frame 
body for the acknowledgement will be 512 bytes (256x2). 
Also, the remaining frame body of the acknowledgement 
frame will need 17 bytes (10 bytes of MAC header, 1 byte 
of MAX burst, 1 byte of Max Frames, 1 byte of MPDUs 
Acked and 4 bytes of FCS; see FIG. 3). Thus, the total size 
of the acknowledgement frame will be 529 bytes (512+17) 
under the current 802.15.3 standard. 

[0052] In contrast, in one embodiment of the invention, 16 
bytes (128 bits) of a bitmap field will be needed to acknowl­
edge all of the 128 fragmented MPDUs for each of the 
MSDUs. Also, since the single MSDU takes 2 bytes at the 
maximum (see FIG. 4), the size of the frame body for the 
one MSDU acknowledgement will be 18 bytes (16+2). 
Thus, the size of the bitmaps and two MSDU blocks for 
acknowledging the 256 MPDUs will be 36 bytes (18x2). 
The remaining frame body of the acknowledgement frame 
will need 17 bytes as in the current 802.15.3 standard. Thus, 
the total size of the acknowledgement frame will be 53 bytes 
(36+ 17) under the embodiment of the invention. Therefore, 
this embodiment of the invention can provide bandwidth 
savings of [(529x53)/529]x100%=about 90%. 

[0053] FIG. 6A illustrates an exemplary data format of a 
delayed acknowledgement frame in case of no loss of a 
fragment according to one embodiment of the invention. 
FIG. 6B illustrates an exemplary data format of a delayed 
acknowledgement frame in case of loss of a fragment 
according to another embodiment of the invention. 
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[0054] Referring to FIGS. 6A and 6B, it can be seen that 
MSDU 1 is fragmented into eleven MPDUs (fragments 
50-60) and MSDU 2 is fragmented into eight MPDUs 
(fragments 0-7). In each of the MSDUs, the first fragment 
numbers are 50 and 0, respectively as shown in FIGS. 6A 
and 6B. Fragment numbers 0-49, which belong to MSDU 1, 
have been already acknowledged in the previous delayed 
acknowledgement frame (not shown). In the embodiment of 
FIGS. 6A and 6B, since in MSDU 2 the total number of 
fragments is 8, one byte of a bitmap field has been generated. 
Also, since in MSDU 1 the number of fragments is 11, two 
bytes of a bitmap field have been generated. 

[0055] In one embodiment shown in FIGS. 6A and 6B, a 
bitmap field set as "bllllllll" represents that eight frag­
ments for MSDU 2 are correctly received and delay 
acknowledged. Also, as shown in FIG. 6A, a bitmap field set 
as "blllllllllll" can represent that eleven fragments for 
MSDU 1 are correctly received and delay acknowledged. 

[0056] In another embodiment shown in FIG. 6B, a bit­
map field set as "bllllllllOll" represents that fragment 52 
is lost but the remaining fragments are properly received. 
Once the MSDU 1 is delayed acknowledged, the transmit­
ting device can determine which fragment(s) is(are) missing 
based on the bitmap field and resend the lost fragment 
(fragment 52) to the receiving device. 

[0057] According to various embodiments of the inven­
tion, the overhead related to delayed acknowledgments can 
be significantly reduced. In addition, one embodiment of the 
invention can significantly improve the throughput effi­
ciency of the overall system. Furthermore, various embodi­
ments of the invention can improve the chances of a delayed 
acknowledgement frame being successfully transmitted, 
which reduces the probability of retransmission of all 
frames. 

[0058] While the above description has pointed out novel 
features of the invention as applied to various embodiments, 
the skilled person will understand that various omissions, 
substitutions, and changes in the form and details of the 
device or process illustrated may be made without departing 
from the scope of the invention. Therefore, the scope of the 
invention is defined by the appended claims rather than by 
the foregoing description. All variations coming within the 
meaning and range of equivalency of the claims are 
embraced within their scope. 

What is claimed is: 
1. A method of acknowledging the receipt of a transmitted 

data stream in a wireless personal area network (WPAN), the 
method comprising: 

transmitting a plurality of fragmented packets (MPDUs) 
from a transmitting entity to a receiving entity; and 

sending a delayed acknowledgement frame, at the receiv­
ing entity, which acknowledges the receipt of each of 
the plurality of MPDUs using a bitmap field. 

2. The method of claim 1, wherein the wireless personal 
area network follows the protocol of the IEEE 802.15.3 
standard. 

3. The method of claim 1, wherein the bitmap field 
includes a plurality of bitmap values corresponding to the 
plurality of MPDUs, and wherein each of the plurality of 
bitmap values is indicative of whether each of the plurality 
of MPDUs is received or not. 
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4. A method of acknowledging the receipt of a transmitted 
data stream in a wireless personal area network (WPAN), the 
method comprising: 

receiving a plurality of fragmented packets (MPDUs) 
from a transmitting entity; and 

sending a delayed acknowledgement frame, which 
acknowledges the receipt of each of the plurality of 
MPDUs with a bitmap field, to the transmitting entity. 

5. The method of claim 4, wherein the method is per­
formed in each of piconet devices which form the wireless 
personal area network. 

6. The method of claim 4, further comprising: 

receiving a plurality of medium access control (MAC) 
service data units (MSDUs), wherein each MSDU is 
fragmented into a plurality of MPDUs; and 

sending a delayed acknowledgement frame, which 
acknowledges the receipt of each of the plurality of 
MPDUs for each of the MSDUs using a bitmap field, 
to the transmitting entity. 

7. The method of claim 4, further comprising determining 
a size of the bitmap field based on the total number of 
fragments to be delayed acknowledged for an MSDU, which 
is calculated from the first fragment number field and the last 
fragment number field of the fragmentation control part of 
the MAC header. 

8. The method of claim 4, wherein if one or more of the 
MPDUs are not received, the bitmap field includes infor­
mation indicative of which MPDUs are not received. 

9. The method of claim 4, wherein the bitmap field 
includes a plurality of bitmap values corresponding to the 
plurality of MPDUs, and wherein each of the plurality of 
bitmap values is indicative of whether each of the plurality 
of MPDUs is received or not. 

10. A method of acknowledging the receipt of a transmit­
ted data stream in a wireless personal area network (WPAN), 
the method comprising: 

receiving a plurality of data packets from a transmitting 
entity; 

determining which ones of the plurality of data packets 
are fragmented; 

generating a bitmap field which includes a plurality of 
bitmap values corresponding to the determined frag­
mented packets, wherein each of the plurality of bitmap 
values is indicative of whether each of the determined 
fragmented packets is received or not; 

generating a delayed acknowledgement frame which 
includes the generated bitmap field; and 

sending the generated delayed acknowledgement frame to 
the transmitting entity. 

11. The method of claim 10, wherein the determining 
comprises checking a fragment number field of the packet 
header of each of the received data packets. 

12. The method of claim 10, wherein the generating a 
bitmap field comprises determining a size of the bitmap field 
based on total number of fragments to be acknowledged for 
an MSDU, which is calculated from the first fragment 
number field and the last fragment number field of the packet 
header of each of the received data packets. 
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13. A system for acknowledging the receipt of a trans­
mitted data stream in a wireless personal area network 
(WPAN), the system comprising: 

a first piconet device configured to transmit a plurality of 
fragmented packets (MPDUs); and 

a second piconet device configured to receive the plurality 
of MPDUs and send a delayed acknowledgement 
frame, which acknowledges the receipt of each of the 
plurality of MPDUs using a bitmap field, to the first 
piconet device. 

14. The system of claim 13, further comprising a piconet 
coordinator configured to coordinate the packet communi­
cation between the first and second piconet devices. 

15. The system of claim 13, wherein each of the piconet 
devices is selected according to one of the following: a 
digital video camera, a portable video display, a wireless 
surround speaker, an electronic game device, a printer, a 
cordless phone and other business and consumer device. 

16. The system of claim 13, wherein the bitmap field 
includes a plurality of bitmap values corresponding to the 
plurality of MPDUs, and wherein each of the plurality of 
bitmap values is indicative of whether each of the MPDUs 
is received or not. 

17. A system for acknowledging the receipt of a trans­
mitted data stream in a wireless personal area network 
(WPAN), the system comprising: 

a device operating within a network communicating using 
an IEEE 802.15.3 protocol and being programmed to i) 
receive a plurality of fragmented packets (MPDUs) 
from a transmitting entity, and ii) send a delayed 
acknowledgement frame, which acknowledges the 
receipt of each of the plurality of MPDUs with a bitmap 
field, to the transmitting entity. 

18. The system of claim 17, wherein the device is selected 
according to one of the following: a digital video camera, a 
portable video display, a wireless surround speaker, an 
electronic game device, a printer, a cordless phone and other 
business and consumer device. 
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19. A computer data signal embedded in a carrier wave, 
the signal comprising: 

a bitmap field including a plurality of bitmap values, each 
of the plurality of bitmap values indicative of whether 
each of a plurality of MAC protocol data units 
(MPDUs) is received or not, wherein the plurality of 
MPDUs form a MAC service data unit (MSDU) and 
are sequentially transmitted to a receiving entity, 

wherein the signal is a delayed acknowledgement frame 
and follows the protocol of the IEEE 802.15.3 standard. 

20. The signal of claim 19, wherein if one or more of the 
MPDUs are not received, the bitmap field includes infor­
mation indicative of which MPDUs are not received. 

21. One or more processor readable storage devices 
having processor readable code embodied on the processor 
readable storage devices, the processor readable code for 
programming one or more processors to perform a method 
of acknowledging the receipt of a transmitted data stream in 
a wireless personal area network (WPAN), the method 
comprising: 

receiving a plurality of fragmented packets (MPDUs) 
from a transmitting entity; and 

sending a delayed acknowledgement frame, which 
acknowledges the receipt of each of the plurality of 
MPDUs with a bitmap field, to the transmitting entity. 

22. A system for acknowledging the receipt of a trans­
mitted data stream in a wireless personal area network 
(WPAN), the system comprising: 

means for receiving a plurality of fragmented packets 
(MPDUs) from a transmitting entity; and 

means for sending a delayed acknowledgement frame, 
which acknowledges the receipt of each of the plurality 
of MPDUs with a bitmap field, to the transmitting 
entity. 

* * * * * 

INTEL-1028 
U.S. Patent 8,457,672 




