wo 2010/072567 A1 I 0K 0 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

s ats L o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Peoperty Organization. /g3 | 1IN AN K 00001 OO 00O
International Bureau W Uy~
4\ ) 10) International Publication Number
(43) International Publication Date \'{_5___,/ (10)
1 July 2010 (01.07.2010) PCT WO 2010/072567 Al
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HO04L 12/18 (2006.01) HO04L 29/06 (2006.01) kind of national protection available): AE, AG, AL, AM,
. L AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA. CH. CL. CN. CO. CR. CU. CZ. DE. DK. DM. DO
PCT/EP2009/066730 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
9 December 2009 (09.12.2009) KR, KZ, ILA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
- . ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, 8G, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ,UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: . .
08305994.9 22 December 2008 (22.12.2008) gp (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): THOM- GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
SON LICENSING [FR/FR]; 46 Quai Alphonse Le Gal- ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
lo, F-92100 BOULOGNE-BILLANCOURT (FR). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
. ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors; and MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

(75) Inventor.s/Apphcants (for US oply). CHEN, Ren Lei TR), OAPI (BF, BJ. CF, CG, CL, CM, GA, GN. GQ. GW.
[CN/FR]; THOMSON, 46 Quai Alphonse Le Gallo, ML. MR, NE, SN, TD, TG)
F-92648 BOULOGNE Cedex (FR). ZHANG, Zhi Gang i P '
[CN/FR]; THOMSON, 46 Quai Alphonse Le Gallo, Published:
F-92648 BOULOGNE Cedex (FR). MA, Xiao Jun [CN/
FR]; THOMSON, 46 Quai Alphonse Le Gallo, F-92648
BOULOGNE Cedex (FR).

(74) Agent: RUELLAN-LEMONNIER, Brigitte; THOM-
SON, 46 Quai A. Le Gallo, F-92648 BOULOGNE Cedex
(FR).

—  with international search report (Art. 21(3))

(54) Title: METHOD AND APPARATUS FOR RELIABLE MULTICAST STREAMING

QoS
Server .
> — > Multicast stream
N e e Multicast-over-unicast
9] (] stream
»8 wg 4 5
3 3 @ A\VANIAVAN
» v § . @ AP, QoS agent inside
g R
E > 8
[ =
> Router\/\ 3 N h
Media Server 6 ® K @
3w/ % a ] 3
- o P I @
3@ 2 3 >
7 5] 3 \
>,’ 3 > W', )
S m : . S
. 4 N A
[ '
¥ . EAVAN
2 &y 2~ "
MSs
MS,
FIG.1

(57) Abstract: A method and apparatus for network transmission in a network system, e.g. WLAN is provided. In the network
system, there is a media server for multicasting video stream, a QoS server for obtaining important packets from the media server
and reconstructing the obtained important packets into a QoS multicast stream. Then there is an AP for receiving and sending out
the multicast video stream to mobile stations directly, and for receiving the QoS multicast stream, re-encapsulating and sending
out the stream in multicast-over-unicast way.
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METHOD AND APPARATUS FOR RELIABLE MULTICAST STREAMING

TECHNICAL FIELD

This invention relates to network transmission, especially to method and

apparatus using multicast-over-unicast transmission scheme in a WLAN.

BACKGROUND OF THE INVENTION

In wireless local area networks or WLANSs based upon the IEEE 802.11
standards, which define intermediate devices such as access points(APs),
bridges, routers and that provide access for mobile devices and to other
networks, video transmissions--in particular real time transmissions—require
broadcast/multicast transmissions. However, broadcast/multicast
transmissions suffer from an inherent lack of an error correction mechanism.
When a data packet is sent to a group of receivers (broadcast/multicast), it is
extremely difficult, if not impossible for the transmitter to manage the
retransmission protocol for each receiver.

Several mechanisms exist to overcome data packet loss, in particular
Forward Error Correction (FEC), multicast automatic Repeat Request (ARQ)
etc. All of these mechanisms, however, suffer from significant added
complexity and limitations in certain networks. For example, some WLAN
intermediate devices like Access Point (AP) or a bridge, where bridge and/or
AP are used herein to include router and/or brouter or any device having
equivalent functionality, have an inherent limit in the transmission rate for
WLAN multicast data packets on the premise that multicast quality should be
limited by the client, e.g., mobile terminal with the poorest reception. Another
mechanism is to transmit all the multicast packets using the

multicast-over-unicast scheme, which definitely causes a scalability problem,,
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since because the bandwidth is limited, if all the multicast packets are
transmitted using multicast-over-unicast scheme, then the number of
terminals which can concurrently receive the multicast packets will be limited

by the bandwidth..

SUMMARY OF THE INVENTION

In a first aspect, a method for transmitting a packet stream containing a
first set of packets in a network is provided. The method comprises steps of:
sending said first set of packets to a plurality of receivers in multicast mode;
and sending in unicast mode a second set of packets to at least one receiver
among said plurality of receivers, wherein the second set of packets are a
subset of the packets of the first set.

In detail, the first set of packets are capsulated into multicast packets
with a multicast IP address and a corresponding multicast MAC address for a
multicast group, and when sending the second set of packets to at least one
receiver, the multicast MAC address contained therein is changed to the MAC
address of the at least one receiver.

Further, the second set of packets are transmitted to a receiver in
response to a request by the at least one receiver for joining the multicast
group.

In addition, the second set of packets are selected as a function of
importance for decoding the payload data of the first set of packets.

In above method said second set of packets are packets necessary for
decoding | frames or base layer packets of a video stream.

In a second aspect, a method for receiving a packet stream containing a
first set of packets in a network is described. The method comprises steps of:

receiving the first set of packets in multicast mode; receiving the second set of
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packets in unicast mode, wherein the packets of the second set are a subset
of the packets of the first set; and using packets from the second set to
replace lost or uncorrectable packets from the first set of packets.

In the method of the second aspect, the first set of packets are
capsulated into multicast packets whit a multicast IP address and a
corresponding multicast MAC address for a multicast group, and the multicast
MAC address contained in second set of packets is changed to a unicast
MAC address when they are sent.

Further, the second aspect comprises steps of: joining a multicast group
corresponding to the first set of packets; and for triggering the unicast
transmission of the second set of packets, joining a second multicast group.

In addition, said subset of packets are packets necessary for decoding |

frames or base layer packets of a video stream.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a diagram illustrating an embodiment of present network
system,

FIG.2a is an exemplary format of an Ethernet frame,

FIG.2b is an exemplary format of multicast packet,

FIG.2c is an exemplary format of the multicast packet of Fig.2b using
multicast-over-unicast mechanism,

FIG.3 is a flow chart illustrating the process of present network sytem,

FIG.4 is a flow chart illustrating the process at a QoS server in the
present network system,

FIG.5 is a flow chart illustrating the process at an AP with a QoS agent in
the present network system, and

Fig.6 is a block diagram showing the structure of the network system.
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DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

Fig.1 is a block diagram of a present network system including a
wireless local area network (WLAN) according to an embodiment of the
invention. As shown in Fig.1, there is a media server 1, multiple mobile
stations 2, a QoS (Quality of Service) server 3, an AP (Access Point) 4 with a
QoS agent 5 inside, and a router 6. The media server 1 and the QoS server 3
are within a LAN, e.g. IEEE802.3 LAN. The multiple MS 2 are in a WLAN, e.qg.
IEEE802.11 Wireless LAN and connected the LAN via the AP 4.

In the exemplary Fig.1, the multicast media stream is video stream A. At
the media server 1 the video stream A is encapsulated first into IP packets
and then the IP packets are encapsulated into Ethernet MAC frame format.
Figure 2a illustrates an Ethernet MAC frame format according to IEEE802.3
protocol. Each IP packet (The field “data”) added with an Ethernet MAC
header is termed as an Ethernet MAC frame. In the IP packet, the field Dest
IP Address is the destination |IP address where the packet is routed to. And
the Source IP Address shows where a packet from. In the multicast
transmissions, the destination IP address is a multicast IP address. The field,
Dest MAC Address, contained in the MAC header is used to identify the
destination that the IP packet will be routed to. Note that for a general
multicast packet, the contained Dest MAC Address is the multicast MAC
address corresponding to the multicast IP address. So for the video stream A,
the multicast group is A1, the multicast group Destination MAC address is A2
(01-00-5e-01-01-01), and the multicast group Destination IP address is A2’
(e.g. 230.1.1.1). The Source MAC Address is the MAC address of the media

server 1 and the Source IP Address is the IP address of the media server 1.
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Prior to a multicast transmission, e.g. transmission of multicast video
stream A, an appropriate announcement containing a session description is
made by the media server 1. Standard session descriptions are generated
using a Session Description Protocol (SDP), as defined in the Internet
Engineering Task Force’s draft RFC 2327. SDP is a simple ASCII text based
protocol that is used to describe real time multimedia sessions and their
related scheduling information. A SDP message conveys information about
each media stream in the multicast session to allow the recipients to
participate in the session. The media information contained in the SDP
information includes the type of media (e.g. video, audio), the transport
protocol (e.g. RTP, UDP, or IP), the format of the media (e.g. MPEG video),
the multicast address for media, the transport port for media, etc. The
multicast address for media are the destination address and destination port
of the multicast stream. The address SDP information being sent is 224.2.2.2,
and the UDP port is 4000. A host which wants to know the multicast session
can join this special multicast session and receive the SDP information. For
the multicast video stream A at the media server 1, the multicast address for
the stream A is the multicast IP address A2 (230.1.1.1) and the
corresponding MAC address A2 (01-00-5e-01-01-01).

By analyzing the SDP (Service Description Protocol) information, the
QoS (Quality of Service) server 3 knows there is media content A to be
multicast to multicast group A1 in the media server 1 and sends a request to
the router 6 and shows the intention to join the multicast group A1. The
request is sent for example, according to IGMP (Internet Group Management
Protocol). The Internet Group Management Protocol (IGMP) is a
communications protocol used to manage the membership of Internet

Protocol multicast groups. IGMP is used by IP hosts (e.g. the QoS server 3, or
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the mobile station 2) and adjacent multicast routers to establish multicast
group memberships. The QoS server 3 issues messages (JOIN) to the router
6 as an IGMP router for joining the multicast group A1 for the multicast video
stream A. The router 6 responds the JOIN messages with a QUERY message
to determine which group the QoS server is a member of. The QoS server
feeds back the query with a membership report to inform that it wants to join
the multicast group A1. The multicast video stream A can be received by the
QoS server 3.

When the QoS server 3 catches the multicast video stream A, analyzes
e.g. frame format, of every RTP/IP packet in the video stream, and
reconstructs another multicast QoS stream B which includes only a few of
important packets duplicated/copied from the video stream A. As shown in
Fig. 2b, the reconstructed QoS stream B is multicast to a multicast group B1
with a multicast MAC address B2 (01-00-5e-01-01-02) and a corresponding
multicast IP address B2’ (230.1.1.2).

For example, the QoS server 3 analyzes the frame format of every
RTP/IP packet in video stream A, duplicates those packets containing |
frames (e.g. in a MPEG-2 encoded video stream) and stores them, because
in MPEG-2 stream, B frames and P frames are generated with respect to the |
frames. If a packet contains not only | frames but also other frames, e.g. B
frames and/or P frames, the packet is still considered to be an important
packet and stored at the QoS server 3. In another example, for a spatially
scalable video stream, important packets can be base layer packets. That is
because in a scalable encoded/decoded stream, the base layer relates to low
resolution images, and from this base layer encodes/decodes at least one
enhancement layer relating to high resolution images. The QoS server 3 also

sends a request through the router 6 to the video server 1 to request it to
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update the SDP information for video stream A. The updated SDP information
will indicate the destination multicast address A2 and A2’ for video stream A
and the destination multicast address B2 and B2’ for the supplementary video
stream B. The video stream A also contains the packets of the video stream.
In addition, the QoS server 3 can be integrated into the video server 1 or be
separated therefrom as shown herein.

When a mobile station 2 in the WLAN, for example MS; with the IP
address being (10.11.72.64) and the MAC address being
(00-1¢-23-3B-83-5A), issues a request to the video server 1 for SDP
information, it will receive SDP (Service Description Protocol) information
related to the video stream A from the video server 1. By analyzing this SDP
information, it learns that it can get the original video stream A by joining the
multicast group A1 with multicast MAC address A2 (01-00-5e-01-01-01) and
multicast IP address A2’ (230.1.1.1), and get the supplementary QoS video
stream B by joining the multicast group B1 with multicast MAC address B2
(01-00-5e-01-01-02) and multicast |IP address B2’ (230.1.1.2).

The QoS agent 5 at the wireless Access Point (AP) 4 blocks the packets
of multicast stream A from the video server 1 and the supplementary QoS
video stream B from the QoS server 3 until it gets a request from a mobile
station 2 for the packets of stream A and/or B. The request sent by a mobile
station 2 is an IGMP (Internet Multicast Protocol) JOIN message.

When the mobile station 2 joins the multicast group A1 or the multicast
group B1 by sending a message, e.g. an IGMP JOIN message (Internet
Group Management Protocol), to the router 6 via the AP 4, the multicast video
stream A and/or video stream B will be forwarded to the mobile station 2 via

the AP4.
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The wireless Access Point (AP) 4 monitors IGMP messages sent from
the mobile stations 2. Upon receipt of an IGMP Join request MS; to join
multicast group A1 from a mobile station 2 such as, the AP 4 forwards the
original multicast video stream A to MS; directly. If the video stream A has
been sent before and the mobile station 2 has got the content, the mobile
station 2 will not ask for the video stream again. If the AP 4 receives an IGMP
request to join multicast group B1, the QoS agent 5 will encapsulate the IP
multicast data packets in the multicast stream B into unicast IEEE 802.11
frames with a destination MAC address corresponding to the source address
of the received IGMP packet, i.e., MS4's MAC address (00-1c-23-3B-83-5A) in
this case and send it out by using a multicast-over-unicast scheme. While the
IP multicast data packets contain the unchanged IP multicast group address
B2’ (230.1.1.2), as shown in Fig.2c. Usually, each IP packet has an Ethernet
MAC header called Ethernet MAC frame. A field ‘Dest MAC Address’ is
contained in the MAC header, identifying the destination that the IP packet will
be routed to. Note that for a general multicast packet, the contained Dest
MAC Address is the multicast MAC address corresponding to the group
address. In order to accomplish the multicast-over-unicast, the contained
Dest MAC Address is changed to a specific host MAC address, whereas other
fields remain the same as a general multicast packet. In the current example,
the specific host MAC address is that of MS1 (00-1¢-23-3B-83-5A). By using
the multicast-over-unicast transmission scheme, these most important
packets can be reliably delivered to the mobile stations 2, while the original
video stream A is transmitted to mobile stations 2 in multicast stream without
MAC layer retransmission mechanism. Stream B can be sent to some or all of

the mobile stations according to implementations.



10

15

20

25

WO 2010/072567 PCT/EP2009/066730

A mobile station 2, e.g. MS4 continuously receives the multicast stream
A and the multicast-over-unicast stream in which the multicast stream B is
encapsulated. It will store and analyze the received RTP packets from
multicast stream A, and if it finds a RTP packet has been lost in the multicast
stream A by counting the sequence number field in the RTP header, it will
look for a RTP packet with the same sequence number in the received RTP
packets queue of the multicast-over-unicast stream. If there is a RTP packet
in received RTP packets queue of the multicast-over-unicast stream having
the same sequence number as the lost RTP packet in the received RTP
packets queue of the multicast stream A, it will copy or move the
corresponding RTP packet from the queue in a buffer 8 of the
multicast-over-unicast stream into the queue of the multicast stream A in
buffer 7. Then the mobile station 2 will use these RTP packets in the queue of
the multicast stream A to compose the frames for the video, decode the
frames and play it.

During the process, the AP 4 will monitor the IGMP messages sent from
the mobile stations 2 all the time, and it will stop transmitting the
multicast-over-unicast stream B to a mobile station 2, once it detects that the
mobile station 2 quits the multicast group B by issuing an IGMP leave
message.

Fig.3 is a flow chart illustrating the process in the network according to
the present embodiment. The process starts at step 310. At step 320, the
media server 1 sends out the multicast stream A to a multicast group A1 with
a multicast MAC address A2 and a multicast IP address A2’. At step 320, after
analyzing e.g. SDP information related to the video stream A, the QoS server
3 joins the multicast group A1 and captures the multicast stream A. Then the

QoS server 3 generates a multicast QoS stream B. This QoS stream B
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contains important packets copied/ duplicated from the multicast stream A.
When a mobile station (user) 2 applies for the multicast stream A at step 340,
by analyzing the SDP information of the stream A, it knows that it can get the
original stream A by joining the multicast group A1 with multicast MAC
address A2 (01-00-5e-01-01-01) and multicast IP address A2’ (230.1.1.1) and
get the supplementary QoS video stream B by joining the multicast group B1
with multicast MAC address B2 (01-00-5e-01-01-02) and multicast IP address
B2'(230.1.1.2). At step 350, the AP 3 with the QoS agent 4 joins the multicast
group B1, encapsulates the QoS video stream B into unicast IEEE 802.11
frames, and sends them by using the multicast-over-unicast method to the
mobile stations 2. The process ends at step 360. So when transmitting the
QoS video stream B from the AP 3 to the mobile station 2, a unicast session is
established to transmit the multicast packets contained in the QoS video
stream B.

Fig.4 is a flow chart illustrating the detailed process at the QoS server 3.
The process starts at step 410. At step 420, it is determined whether a new
packet from the video server 1 arrives. If it is “yes”, the process goes to step
430, where the QoS server 3 analyzes the received new packet to determine
whether the received new packet is an important one or not at step 440. The
important packet is determined in an example as a packet containing | frame
related data. If the received new packet is an important packet, at step 450, a
copy of the received new packet is inserted into a multicast-over-unicast
stream and transmitted to the mobile stations.

Fig.5 is a flow chart illustrating the detailed processes at the AP 4. At
step 510 the process starts. Then at step 520, it is determined whether a new
packet arrives. If the determination is “yes”, the process goes to step 530

where it further determines whether the new packet is a packet from the QoS
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stream according to its multicast destination address B1 and B1'. If it is, the
new packet is transmitted at step 550 by using the multicast-over-unicast
method. Then the process ends at step 560. If the determination at step 530 is
“no”, which means by analyzing the destination address contained in the
packet, the AP learns that the packet is for multicast group A with multicast
MAC address A1 and IP address A1’, and the packet isn’t a QoS stream
packet, the process goes to step 540 to transmit the new packet as a normal
multicast packet. For same media content (payload), when it is contained in
the QoS stream and the original media stream, since the multicast addresses
are different, it is transmitted to the mobile station 2 in multicast-over-unicast
scheme and direct multicast scheme respectively. And then the process ends
at step 560.

Fig.6 is a block diagram showing the structure of the network and the
devices in the network. To accomplish above processes, as shown in Fig. 6,
the QoS server 3 includes an input 31 for receiving multicast packets from the
media server 1 and a processor 32 for analyzing and determining whether the
received multicast packets are important packets or not. If the received
multicast packets are important ones, e.g. | frame related packets, the
processor 32 will duplicate and re-construct these important packets into new
multicast packets. Then the re-constructed important packets are transmitted
to the AP 4 via an output 33.

Accordingly, at the AP 4, there is an input 41 for receiving packets from
the QoS server 3 and the media server 1. There is also a QoS agent 5 for
analyzing whether a received packet is a packet from the media server 1 or a
packet of the QoS stream from the QoS server 3. If the received packet is a
packet from the media server 1, it will be sent via output 43 to the mobile

stations 2 in multicast way directly. And if the received packet is a packet of
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the QoS stream from the QoS server 3, it will be sent via output 43 to the
mobile stations 2 in multicast-over-unicast mode.

In above description, though the apparatus of the media server 1 and
the QoS server 3 are put separately, they can be put together too. In addition,
although the above processes of the whole system or at a specific device are
illustrated in sequence, it shouldn’t be construed as a limitation to the present
principle, the sequences can be changed.

A number of implementations have been described. Nevertheless, it will
be understood that various modifications may be made. Additionally, one of
ordinary skill will understand that other structures and processes may be
substituted for those disclosed and the resulting implementations will perform
at least substantially the same function(s), in at least substantially the same
way(s), to achieve at least substantially the same result(s) as the
implementations disclosed. Accordingly, these and other implementations are
contemplated by this application and are within the scope of the following

claims.
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CLAIMS

1. Method for transmitting a packet stream containing a first set of packets
in a network characterized by the steps of:
- sending said first set of packets to a plurality of receivers in multicast
mode; and
- sending in unicast mode a second set of packets to at least one receiver
among said plurality of receivers, wherein the second set of packets are a
subset of the packets of the first set and

selected as a function of importance for decoding the payload data of the

first set of packets.

2. Method according to claim 1, wherein the first set of packets are
encapsulated in multicast packets with a multicast IP address and a
corresponding multicast MAC address for a multicast group, and when
sending the second set of packets to at least one receiver, the multicast
MAC address contained therein is changed to the MAC address of the at

least one receiver.

3. Method according to claim 1 or 2, wherein the second set of packets are
transmitted to a receiver in response to a request by the at least one

receiver for joining the multicast group.

4. Method according to claim 3, wherein said second set of packets are
packets necessary for decoding | frames or base layer packets of a video

stream.

5. Method for receiving a packet stream containing a first set of packets in a
network, characterized by the steps of:

- receiving the first set of packets in multicast mode;
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- receiving the second set of packets in unicast mode, wherein the packets
of the second set are a subset of the packets of the first set and selected
as a function of importance for decoding the payload data of the first set of
packets;

- using packets from the second set to replace lost or uncorrectable

packets from the first set of packets.

6. Method according to claim 5, wherein the first set of packets are
encapsulated in multicast packets with a multicast IP address and a
corresponding multicast MAC address for a multicast group, and the
multicast MAC address contained in second set of packets is changed to a

unicast MAC address when they are sent.

7. Method according to claim 6 , wherein it further comprises steps of:
- joining a multicast group corresponding to the first set of packets;
- for triggering the unicast transmission of the second set of packets, joining

a second multicast group.

8. Method according to any of claims 5 to 7, wherein said subset of packets
are packets necessary for decoding | frames or base layer packets of a

video stream.
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