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&\ he PDU buffer (38) has not reach a predetermined fill level, the buffer readout mechanism (39) uses the concatenation timer for
determining a delay for readout of the PDU from the PDU buffer (38). The delay provides opportunity for at least a portion of a
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an outgoing PDU.
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MINIMIZING PADDING FOR VOICE OVER
INTERNET PROTOCOL-TYPE TRAFFIC OVER
RADIO LINK CONTROL

BACKGROUND

[. TECHNICAL FIELD

[0001]

[0002] This invention presents technology for minimizing the amount of padding
when transmitting VoIP or similar traftic over a radio link employing segmentation and

concatenation, e.g. the 3G link layer RLC. Reducing padding results in increased

network capacity.

II. RELATED ART AND OTHER CONSIDERATIONS

[0003] The Wideband Code Division Multiple Access (WCDMA) radio link
control (RLC) protocol includes functions for segmentation and concatenation of higher
layer "packets" into RLC protocol data units (PDUs). Typically, the RLC is operated
with a discrete number of allowed RLC PDU sizes. Segmentation involves a large
higher-layer packet being divided or "segmented" into smaller RLC PDUs.

Concatenation facilitates the possibility of sending (parts of) several higher layer packets
in one RLC PDU. Concatenation reduces the need of padding if several higher-layer
PDUs are queued for transmission, in case each packet does not fit perfectly into the

RLC PDUs. Segmentation and concatenation are possible in both unacknowledged

mode (UM) and acknowledge mode (AM) WCDMA RLC.

10004] Improved layer two (L2) solutions for voice over internet protocol (VolP)
arc currently being discussed in 3GPP. See, for example. R2-0509693. "L2
Optimizations for VoIP" (Qualcomm. 3GPP TSG-RAN WG2 meeting 46bis. 4-8 April
2005) and 1-12-041645. "L2 Considerations for VoIP Support” (Qualcomm. RAN2#43).
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[0005] Consider the case of a VolP service being mapped over a link-laver
protocol like WCDMA RLC. which deploys concatenation. In current Radio Link
Control protocol (RLC) implementations, the radio link control typically segments
incoming Service Data Units (SDUs) into equally sized so-called Protocol Data Units
(PDU). which commonly are configured to carry a 40 byte payload.

[0006] Assume that ROMC header compression i1s used on the application level 1o
minimize the IP overhead transmitted over the link, and that the speech codec transmits
voice trames of size 159 bits in 20ms intervals (7.95kbps AMR). This will produce
RLC SDU s of a size around 24 bytes. The exact size may fluctuate a bit depending on
the ROHC implementation.

[0007] A typical feature of VoIP-like tratfic 1s a fairly well predictable inter-
arrival time of packets. In the example above, RLLC SDUs will arrive to the RLC with
an (average) inter-arrival time of 20 ms. Unless there 1s any queuing at the RLC layer.
the RLC SDUs will be segmented into RI.C PDUs directly upon arrival. The twenty
four byte SDU will fill only part of the RLC PDU and the rest will be filled with a one
byte length indicator to indicate the end of the SDU, and then fifteen bytes of padding.
In this scenario. the overall padding added to the traffic stream is around thirty five
percent. Thus, the present practice 1s very inefficient, because thirty five percent of the
transmission capacity will be spent on transmitting obsolete bits (e.¢.. padding). This is
particularly problematic for HSDPA-like shared transport channel realizations. where
the queue-buildup takes place in the radio base station (RBS) at times of congestion.
This means that a large fraction of the resources are also wasted at times when the radio

resources are scarce. since a large fraction ot the resources are spent on padding.

[0008] The existing RLC protocol supports concatenation, €.g.. part(s) of the
following SDU may be concatenated into the RLC PDU carrying the end of the last
SDU, thus avoiding the use of padding. However. this concatentation requires that the
next SDU be available in the radio network controller (RNC) node. But realistically, in
the case ot a VoIP service with 20ms (or more) between SDUSs, the RNC bufter will be
empty most of the time, assuming low or moderate load on the air interface. This 1s
especially the case when using the HS-DSCH channel. tor which the scheduling butter
resides in the NodeB (e.g.. radio base station or RBS), and each RLC SDU is typically
forwarded to the Node B directly upon arrival.
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[0009] What is needed. therefore. and an object of the present invention. are

apparatus, methods. and techniques tor reducing the amount of padding and thereby

iIncrease network capacity and/or efficiency.
BRIEF SUMMARY

[0010] A radio access network node comprises protocol data unit (PDU) formation
logic; a PDU bufter: a concatenation timer: and a buffer readout mechanism. The
protocol data unit (PDU) formation logic serves. e.g., for segmenting incoming service
data units (SDUs) to form protocol data unit (PDUs). The PDU buftfer storcs one or
more PDUs. The buffer readout mechanism controls readout of contents of the PDU
buffer. For example. when contents of a PDU 1n the PDU bulfer has not reach a
predetermined fill level. the bufter readout mechanism uses the concatenation timer for
determining a delay for readout of the PDU trom the PDU buffer. The delay provides
opportunity for at least a portion of a yet-arrived SDU 1o be included in the PDU prior

to readout of the PDU from the PDU butter. and thereby reduce padding in an outgoing
PDU.

[0011] The bufter readout mechanism delays readout of a PDU trom the PDU
bufter until either (1) the contents of the PDU 1n the buffer has reached the
predetermined fill level, or (2) a predetermined time interval (maintained by the

concatenation timer) has expired.

[0012] In an example implementation. non-limiting implementation. the SDUSs are
twenty four byte voice over Internet Protocol (VoIP) packets which arrive with twenty
millisecond inter-arrival time; torty octets of payload are allowed in each PDU: and the

predetermined time delay 1s set between twenty milliseconds and torty milliseconds

[0013] In terms of predetermined fill level, in an example embodiment the bufter
readout mechanism delays read out ot the PDU from the PDU bufter bv the
predetermined time interval if an extent of padding that would occur upon transmission
of current contents of the PDU in the PDU buffer is not less than a threshold. In one

example implementation, the threshold is ten percent of a length of the PDU size.
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{0014] Another aspect of the technology concerns a method of operating a
radio access network node. The method includes the basic, example steps of seamenting
mconung service data units (SDUs) to torm protocol data unit (PDUSs); storing one or
more PDUs m a PDU bufter; and delaying readout of a PDU of the

PDU buffer when contents of the PDU 1n the PDU butfer has not reached a
nredetermined fill level. The delay provides opportunity for at feast a portion of a yet-
arrived SDU to .bc included in the PDU prior to rcadout of the PDU from the PDU
bufter, and thereby reduce padding i an outgomyg PDU. The method can comprise
delaying the readout of the PDU trom the PDU bufler until either (1) the

contents of the PDU 1n the butfer has reached the predetermined fill level, or (2) a

predetermimed time mterval has expired.

According to an aspect of the present mvention, there 1s provided a radio
access network node comprising:
protocol data unit formation logic for scgmenting incoming service data
units to form protocol data units;
a protocol data unit buffer for storing onc or more protocol data untts;
a concatenation timer; and
a butler readout mechanism for controlling readout ol a protocol data unit n
the protocol data unit bufler, the buffer readout mechanism bemng arranged to:
read out the protocol data unit if an extent of padding that would occur
upon transmission of current contents of the protocol data unit 1s less than a
threshold:; and
delay readout of the protocol data unit if an extent of padding that
would occur upon transmission of current contents of the protocol data unit 18
not less than the threshold,
whereby when the extent of padding 1s not less than the threshold, the bufter
readout mechanism 1s arranged to use the concatenation timer lor determiming a
delay for readout of the protocol data unit from the protocol data unit buffer for
providing an opportunity for at least a portion of a not-yet-arrived service data umt to

be mcluded in the protocol data unit prior to readout of the protocol data unit from
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the protocol data unit buffer, and thereby reduce padding in an outgoing protocol

data unit.

According to another aspect of the present invention, there is provided a
method of operating a radio access network node, the method comprising:
segmenting incoming service data units to form protocol data units;
storing one or more protocol data units in a protocol data unit butfer; and
controlling readout of a protocol data unit in the protocol data unit buffer,
wherein said controlling readout comprises:
reading out the protocol data unit if an extent of padding that would
occur upon transmission of current contents of the protocol data unit 1s less
than a threshold; and
delaying readout of the protocol data unit if an extent of padding that
would occur upon transmission of current contents of the protocol data unit
is not less than the threshold, thereby providing opportunity for at least a
portion of a not-yet-arrived service data unit to be included in the protocol

data unit prior to readout of the protocol data unit from the protocol data

unit buffer, and thereby reduce padding in an outgoing protocol data unit.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing and other objects, features, and advantages of the
invention will be apparent from the following more particular description of
preferred embodiments as illustrated in the accompanying drawings in which
reference characters refer to the same parts throughout the various views. The
drawings are not necessarily to scale, emphasis instead being placed upon

illustrating the principles of the invention.

[0016] Fig. 1 is a schematic view of a control node which performs RLC

protocol concatenation.
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[0017] Fig. 2A and Fig. 2B are flowcharts showing example steps of an
example embodiment.
[0018] Fig. 3A - Fig. 3C are diagrammatic views showing a sequence of

three packets arriving at a node which implements RLC protocol concatentation.

DETAILED DESCRIPTION

[0001] In the following description, for purposes of explanation and not limitation,

specific details are set forth such as particular architectures, interfaces, techniques,
etc. in order to provide a thorough understanding of the present invention. However,
it will be apparent to those skilled in the art that the present invention may be

practiced in other embodiments that depart from these specitic details. That 1s, those

skilled 1n the



10

20

25

30

CA 02614018 2008-01-02

WO 2007/011298 PCT/SE2006/050220

5
art will be able to devise various arrangements which. although not explicitlv described
or shown herein, embody the principles of the invention and are included within its
spirit and scope. In some instances. detailed descriptions ot well-known devices.
circuits, and methods are omitted so as not to obscure the description of the present
invention with unnecessary detail. All statements herein reciting principles. aspects,
and embodiments of the invention. as well as specific examples thereof. are intended to
encompass both structural and functional equivalents thereof. Additionally. it 1s
intended that such equivalents include both currently known equivalents as well as

equivalents developed in the future, 1.e.. any elements developed that perform the same

function. regardless of structure.

[0002] Thus, for example, it will be appreciated by those skilled in the art that block
diagrams herein can represent conceptual views of illustrative circuitry embodying the
principles of the technology. Similarlyv. it will be appreciated that any flow charts, state
transition diagrams, pseudocode, and the like represent various processes which may be
substantially represented in computer readable medium and so executed by a computer

or processor. whether or not such computer or processor is explicitly shown.

(0019] The functions of the various elements including functional blocks labeled
as “processors’” or “controllers” may be provided through the use ot dedicated hardware
as well as hardware capable of executing software in association with appropriate
software. When provided by a processor. the functions may be provided by a single
dedicated processor. by a single shared processor. or by a plurality of individual
processors, some of which may be shared or distributed. Moreover, explicit use ot the
term “processor’ or “controller” should not be construed to refer exclusively to
hardware capable of executing software. and may include. without limitation, digital
signal processor (DSP) hardware. read only memory (ROM) for storing software,

random access memory (RAM), and non-volatile storage.

[0020] According to one example mode. the last PDU in the RNC scgmentation
butter is delayed for a certain amount of time. guarded by a timer. hereafler referred to
(only tor sake of convenience) as the concatenation timer 40. By delaving the last PDUI
in the RNC until the next SDU arrives, the PDU can be filled up with parts of this next
SDU instead of padding. This eliminates the use of padding on this link and thus

increases the capacity of the system. The tradeott is. of course. an increased delav. A
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threshold A is used to set the acceptable percentage of padding in outgoing PDUs.

PDUs exceeding this level are stored until the concatenation timer expires.

[0021] As an example, non-limiting embodiment of implementation, Fig. 1
illustrates a control node, such as a radio network controller (RNC) 24, which (as
indicated by arrow 32) receives SDUs, e.g.. from a core network. The RNC 24
compriscs. among numerous other unillustrated constituent elements. an (optional)
SDU reception bufter 34: PDU formation logic 36: PDU butter 38; PDU butter readout

mechanism 39: and concatenation timer 40.

(0022 Fig. 2A and Fig. 2B are flowcharts showing representative, non-limiting.
example steps of an example embodiment. The steps of Fig. 2A and Fig. 2B can be
executed instantaneously or substantially instantaneously. 2A particularly shows
example steps for handing incoming SDUs, while Fig. 2B shows example steps
performed upon expiration of the concatenation timer. The two events that trigger
operation are (1) an incoming SDU (step SA-1) or (2) expiration of the concatenation
timer (step SB-2). Step SA-2 reflects receipt and processing of the incoming SDU. As
step SA-3. a check 1s made (e.g.. by PDU formation logic 36) whether there are any
PDUs already in PDU bufter 38. If not. as step SA-4 the incoming SDU i1s segmented
(e.e.. by PDU formation logic 36) into PDU(s). and the PDU(s) are stored in PDU
buffer 38. If a PDU is full, or if the extent of padding that would result if the current
contents (of a PDU in PDU butfter 38) were now transmitted 1s less than the threshold
2. then as step SA-5 that PDU 1s readout of butfer 38 (e.g.. bv PDU bufter readout
mechanism 39). e.g.. to the NodeB. Then. as step SA-6. a check 1s made whether there

are any remaining PDUs in PDU bufter 38 which have a padding ratio higher than the

threshold 7. If the check result is atfirmative, as step SA-7 the concatenation timer 40
1S 1nitialized to zero and then started as step SA-8. Afler starting of concatenation timer
40 at step SA-8. the SDU processing routine of Fig. 2A is temporarily ended or
suspended (step SA-10). If the check result from step SA7 was negative. the
concatenation timer 1s stopped at step SA9, and then the SDU processing routine of IFig.

2A 1s temporarily ended or suspended (step SA-10)

(0023] If at step SA-4 1t 1s determined, upon receipt of an incoming SDU, that
PDUs already reside in PDU butter 38, then as step SA-11 the incoming SDU is
segmented into PDUs and concatenated with the last PDU already in PDU buffer 38.
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As step SA-12 a check is made whether PDU butfer 38 contained any PDUs with an

extent ol padding less than the threshold £.. It the determination at step SA-12 is
positive, step SA-5 and ensuing steps are pertormed (e.g.. step SA-6, step SA-7. step
and SA-8. or (as appropriate) step SA-9). If the determination at step SA-12 is
negative. then the SDU processing routine of Fig. 2A 1s temporarily ended or
suspended (step SA-13).

[0024] As retlected by step SB-1, the concatenation timer 40 1s appropriately
monitored. Should the concatenation timer 40 expire, an interrupt or other indication 1s
received (step SB-2). In view of expiration of concatenation timer 40, as step SB-3 the
last PDU in PDU buffer 38 is readout. and the timer monitoring routine of Fig. 2B is

temporarily concluded.

[0025] Thus. when contents of a PDU in the PDU bufter has not rcach a
predetermined fill level. the bufter readout mechanism uses the concatenation timer for
determining a delay for readout of the PDU trom the PDU bufter. The delay provides
opportunity for at least a portion of a yet-arrived SDU to be included in the PDU prior
to readout of the PDU from the PDU butter, and thereby reduce padding in an outgoing
PDU. The buffer readout mechanism delays readout of a PDU from the PDU buffer
until either (1) the contents of the PDU in the buffer has reached the predetermined fill

level (step SA-5). or (2) a predetermuined time interval (maintained by the concatenation
timer) has expired (step SB-3).

[0026] T'o cause as little extra delay as possible, the concatenation timer (e.g..
concatenation timer 40) may be adapted to the inter-arrival time of incoming SDUs.
This may be done either by continuous filtered measurements on incoming traffic or bv
reading QoS attributes like the guaranteed bit rate and {rame size. if available. The
concatenation timer can be set slightly larger than the inter-arrival time of incoming

SDUs, to cover possible jitter. This jitter may also be measured.

[0027] Consider an example case 1llustrated in the ume sequence of Fig. 3A - Fig.
3C. In the example case, VolP packets of 24 bytes arrive at PDU buffer 38 with 20 ms
inter-arrival time to the RLC. where the RLC PDU allows tor 40 octets of payload in
each PDU (excluding the length indicator). Fig. 3A shows a first packet (Packet #1)
arriving (step 2A-2) and being stored in PDU buftfer 38. It is assumed. for sake of this
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example. that the acceptable padding percentage 1s set to 10%. Since Packet #1 is the
only packet in PDU bufter 38 and thus PDU butter 38 has only 24 bytes, for Packet #1
it 1s determined at step SA-3 that the percent or ratio of padding to entirec PDU length

exceeds the threshold A. Consequently, Packet #1 remains in PDU buticr 38 (step SA-
6) and the concatenation timer 40 1s both initialized (step SA-7) and started (step SA-8).
Preferably. the concatenation timer 1s initialized/sel to a value larger than 20 ms. but

less than 40 ms 1n this example.

[0028] Fig. 3B shows arrival of a second packet (Packet #2) Upon arrival of the
second packet (Packet #2). 1t 1s determined at step SA-3 that a PDU already resides in
PDU buiter 38. 1.e., Packet #1 1s already in the first PDU of buffer 38. Accordingly, as
step SA-11 the newly arriving packet (Packet #2) is segmented into two RLC PDUs in
38. As such, a first PDU of PDU bufter 38 includes the first VolP packet. a one bvte
length indicator (LI) and fifteen bytes of the second VolP packet. But nine bytes of the
second packet did not f1t into the first RLC PDU of PDU butfer 38, and consequently
are stored in a second PDU position of PDU bufter 38 as illustrated in Fig. 3B.

[0029] The first PDU of PDU bufter 38 is readout in accordance with step SA-5.
as shown in Fig. 3B. However, since 1t 1s determined at step SA-6 that the percentage
of padding in the second PDU ot PDU buffer 38 (as shown in Fig. 3B) is above the
threshold A. both step SA-7 and step SA-8 are performed. At step SA-7. the

concatenation timer 40 is re-initialized and at step SA-8 the concatenation timer 40 is

started again.

[0030] At the reception of the “third™ packet (Packet #3) shown in Fig. 3C. as step
SA-11 the third packet 1s concatenated with the stored nine bytes of Packet #2 into the
sole occupied PDU (PDU #£2) of PDU buffer 38. In this case, the occupancy (in octets)
of PDU #2 1s: 9+24 = 33 octets plus 2 length indicators, and thus is less than the RLC
PDU payload size. Depending on the level of “optimization™ (delay versus capacity),
PDU #2 can now either be transmitted with seven octets of padding. or stored for
concatenation with yet another VoIP packet. With a threshold of 10%, it is determined
at step SA-12 that PDU #2 should still remain in PDU buffer 38. Note that in this case.
concatenation timer 40 1s not restarted. since no PDU was transmitted. The
concatenation timer 40 1s always PDU specific. With a higher threshold. like c.g. 20%.

PDU #2 ot Fig. 3C would be transmitted. causing more padding, but smaller delay.
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[0031] For the downlink. the proposed tunctionality can be implemented in the

RNC without changes to the standard. The uplink does require a standardized solution.

[0032] The techniques described herein provide a mechanism for tradeoff between
delay performance and capacity for VoIP-like services. When active. the techniques
reduce the amount of padding on the radio link. which will increase capacity in the

system.

[0033 Readout of the packets from PDU bufter 38 and from the node which hosts
PDU bulter 38 can be to any suitable device or transmission line. Furthermore, the
concept of “readout” can include moving PDUs from PDU buffer 38 to a suitable

transmission unit for conveying the PDUs out of the node or device which hosts the
PDU butier 38.

[0034] Although various embodiments have been shown and described in detail.
the claims are not limited to any particular embodiment or example. None of the above
description should be read as implying that any particular element. step, range. or
function 1s essential such that it must be included in the claims scope. The scope of
patented subject matter 1s defined only by the claims. The extent of legal protection is
defined bv the words recited in the allowed claims and their equivalents. It is to be
understood that the invention 1s not to be limited to the disclosed embodiment, but on

the contrary, is intended to cover various modifications and equivalent arrangements.
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The embodiments of the invention in which an exclusive property or

privifege is claimed are defined as follows:

. A radio access network node comprising:

g service data

dnna,
L

protocol data unit formation logic for segmenting incomin
s to form protocol data units:

a protocol data unit buffer for storing one or more protocol data units:

a concatenation timer; and

a buffer readout mechanism for controlling readout of a protocol data
unit in the protocol data unit buffer, the buffer readout mechanism b'eing
arranged to:

read out the protocol data unit if an extent of padding that would occur
upon transmission of current contents of the protocol data unit is less than o
threshold: and
detay readout of the protocol data unit if an extent of padding that

would occur upon transmission of current contents of the protocol data

unit 1s not less than the threshold,

whereby when the extent of padding is not less than the threshold, the
bufter readout mechanism is arranged to use the concatenation timer for
determining a delay for readout of the protocol data unit from the protocol data
unit bufter for providing an opportunity for at least a portion of a not-yet-arrived
service data unit to be included in the protocol data unit prior to readout of the
protocol data untt {from the protocol data unit buffer, and thereby reduce padding
I an outgoing protocol data unit.
2. the node of clatm 1, wherein the buffer readout mechanism is arranged to
delay readout of a protocol data unit from the protocol data unit bufler until
either the current contents of the protocol data unit in the protocol data unit
buffer have reached a predetermined fill level, or a predetermined time interval

has expired.

the node of clanm 2, wherem the predetermined time iterval is adjusted

N
1 Y

tor 1ater- arrival time of incoming service data units.



CA 02614018 2015-08-12

4. The node of claim 3, wherein the predeternmined time interval is adjusted
for mmter-arnival times of incoming service data units by continuously filtered

measurements on incoming traffic or by reading quality of service attributes,

>, The node of claim 2, wherein the service data units are twenty four byte
voirce over [nternet Protocol, VolP, packets which arrive with twenty millisecond
inter-arrival times, wherein forty octets of payload arc allowed in each protocol
data umit, and wherein the predetermined tfime nterval 18 set to between twenty

milliscconds and forty milliseconds.

0. The node of any of claims 1 to 5, wherein the threshold s ten percent of a
length of the protocol data unait.
7. The node of any of claims 1 to 6, wherein the concatenation timer 15

reset upon readout of a protocol data unit from the protocol data unit buffer,

3. A method of operating a radio access network node, the method comprising:
segmenting icoming service data units to lorm protocol data units;
storing one or motre protocol data units m a protocol data unit butfer: and
controlling readout of a protocol data unit in the protocol data umit buffer,
wheretn said controlling readout comprises:

reading out the protocol data unit 1l an extent of paddimg that would
occur upon transmission of current contents of the protocol data unit s
less than a threshold: and

delaving readout of the protocol data umit 1f an extent of padding
that would occur upon transmission of current contents of the protocol
data unit 1s not less than the threshold, thereby providing opportunity for
at teast a portion of a not-yet-arrived service data unit to be included in
the protocol data unit prior to readout of the protocol data unit from the
protocol data unit buffer, and thereby reduce padding in an outgoing

protocol data unit.
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9. The method of claim 8, further comprising delaying the readout of the
protocol data unit from the protocol data unit buffer until either the contents of
the protocol data unit i the buffer has reached a predetermined [l Tevel, or o

predetermined time interval has expired.

[0, The method of claim 9, {urther comprising adjusting the
predetermined time interval tor inter-arrival time of tncoming service data

Uttt s,

1 1. The method of claim 9, turther comprising adjusting the
predetermined time interval for imter-arrival himes of incoming service data
units by continuously tiltered measurements on imncoming tratiic or by

reading quality of service atiributes.

| 2. The method of claim 11, wherein the service data units are twenty four byte
vorce over Internet Protocol, VolP, packets which arrive with twenty millisecond inter-
arrival times, the method further comprising:

allowing forty octets of pavload i each protocol data unit; and

setting the predetermined time mterval to between twenty milliseconds

and forty milliseconds.

> .

| 3. The method of any of claims 8 to 12, wherein the threshold is ten
percent of a length of the protocol data unit.
[4.  The method of any of ¢claims & to 13, turther comprisinyg:
using a concatenation tumer for determuming the delay for readout of the
protocol data unit from the protocol data unit bufter 11 the extent of padding s
not less than the threshold; and
resetting the concatenation timer upon readout of the protocol data unit from the

protocol data unit buffer.
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