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Abst r act

It is evident that to ensure seam ess and robust user experience
across all type of access networks nultinmedi a comunication suits
shoul d adapt to the changi ng network conditions. There is an ongoing
effort in | ETF RMCAT working group to standardi ze rate adaptive
algorithm(s) to be used in the real-tine interactive conmmunication

In this docunent test cases are described to evaluate the
performances of the proposed endpoint adaptation solutions in LTE
networ ks and W-Fi networks. The proposed algorithns should be

eval uated using the test cases defined in this docunent to sel ect
nmost optimal sol utions.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and nay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on Novenber 8, 2016
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1. I nt roducti on

Wrel ess networks (both cellular and W-Fi [|EEE802.11] |ocal area
network) are an integral part of the Internet. Mobile devices
connected to the wirel ess networks produces huge anount of media
traffic in the Internet. They covers the scenarios of having a video
call in the bus to nedia consunption sitting on a couch in a living
room It is a well known fact that the characteristic and chall enges
for offering service over wireless network are very different than
provi ding the same over a wired network. Even though RMCAT basic
test cases defines nunber of test cases that covers lots of effects
of the inpairments visible in the wireless networks but there are
characteristics and dynam cs those are unique to particular wreless
environnment. For exanple, in the LTE the base station nmintains
queues per radi o bearer per user hence it gives different interaction
when all traffic fromuser share the sane queue. Again, the user
mobility in a cellular network is different than the user nobility in
a W-Fi network. Thus, It is inmportant to eval uate the performance
of the proposed RMCAT candi dates separately in the cellular nobile
networks and W-Fi |ocal networks (IEEE 802. 11xx protocol famly ).

RMCAT eval uation criteria [I-D.ietf-rncat-eval-criteria] docunent
provides the guideline to performthe evaluation on candidate

al gorithms and recogni zes wireless networks to be inportant access
link. However, it does not provides particular test cases to

eval uate the performance of the candidate algorithm 1In this
docunent we describe test cases specifically targeting cellular
net works such as LTE networks and W-Fi [|ocal networks.

2. Term nol ogi es

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in RFC2119 [ RFC2119]

3. Cellular Network Specific Test Cases

A cellular environment is nore conplicated than a wireline ditto
since it seeks to provide services in the context of variable
avai | abl e bandwi dth, | ocation dependenci es and user nobilities at
different speeds. 1In a cellular network the user may reach the cel
edge which may lead to a significant anount of retransm ssions to
deliver the data fromthe base station to the destination and vice
versa. These network links or radio links will often act as a

bottl eneck for the rest of the network which will eventually lead to
excessi ve del ays or packet drops. An efficient retransm ssion or
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I ink adaptation mechani sm can reduce the packet |oss probability but
there will still be some packet |osses and del ay vari ations.
Moreover, with increased cell |oad or handover to a congested cell
congestion in transport network will beconme even worse. Besides,
there are certain characteristics which make the cellul ar network
different and chall engi ng than other types of access network such as
W-Fi and wired network. In a cellular network -

o0 The bottleneck is often a shared link with relatively few users.

* The cost per bit over the shared link varies over tine and is
different for different users.

* Left over/ unused resource can be grabbed by other greedy
users.

0 Queues are always per radi o bearer hence each user can have nany
of such queues.

0 Users can experience both Inter and Intra Radi o Access Technol ogy
(RAT) handovers ("handover™" definition in [HO def-3GPP] ).

0 Handover between cells, or change of serving cells (see in
[ HO- LTE-3GPP] and [ HO UMIS-3GPP] ) might cause user plane
i nterruptions which can lead to bursts of packet |osses, delay
and/or jitter. The exact behavi or depends on the type of radio
bearer. Typically, the default best effort bearers do not
gener ate packet |oss, instead packets are queued up and
transmitted once the handover is conpl eted.

0 The network part deci des how much the user can transnmit.

o The cellular network has variable link capacity per user
* Can vary as fast as a period of nilliseconds.

* Depends on lots of facts (such as distance, speed,
interference, different flows).

* Uses conplex and smart |ink adaptation which nmakes the |ink
behavi or ever nore dynanic.

* The scheduling priority depends on the estinmated throughput.

0 Both Quality of Service (QS) and non- QS radi o bearers can be
used.
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Hence, a real-tine conmuni cation application operating in such a
cellular network need to cope with shared bottl eneck |ink and
variable Iink capacity, event |ikes handover, non-congestion related
| oss, abrupt change in bandwi dth (both short termand |ong tern) due
to handover, network |oad and bad radi o coverage. Even though 3GPP
define QoS bearers [QS-3GPP] to ensure high quality user experience
adaptive real-time applications are desired.

Different nobile operators deploy their own cellular network with
their own set of network functionalities and policies. Usually, a
nmobi | e operator network includes 2G EDGE, 3G and 4G radi o access
technol ogi es. Looking at the specifications of such radio
technologies it is evident that only 3G and 4G radi o technol ogi es can
support the high bandwi dth requirenments fromreal-time interactive
video applications. The future real-tinme interactive application

wi Il inpose even greater demand on cellular network perfornance which
makes 4G (and beyond radi o technol ogi es) nore suitable access
technol ogy for such genre of application

The key factors to define test cases for cellular netwrk are
0 Shared and varying |ink capacity

o Mbility

0 Handover

However, for cellular network it is very hard to separate such events
fromone another as these events are heavily related. Hence instead
of devising separate test cases for all those inportant events we
have divided the test case in two categories. It should be noted
that in the following test cases the goal is to evaluate the
performance of candidate al gorithns over radio interface of the
cellular network. Hence it is assuned that the radio interface is
the bottleneck link between the comuni cating peers and that the core
networ k does not add any extra congestion in the path. Also the
combi nation of multiple access technol ogi es such as one user has LTE
connection and another has W-Fi connection is kept out of the scope
of this docunent. However, |ater those additional scenarios can al so
be added in this list of test cases. While defining the test cases
we assuned a typical real-tine tel ephony scenario over cellular

net wor ks where one real -time session consists of one voice stream and
one video stream W reconmend that an LTE network sinulator is used
for the test cases defined in this docunent, for exanple-NS-3 LTE
simulator [LTE-sinulator].
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3.1. Varying Network Load

The goal of this test is to evaluate the performance of the candidate
congestion control algorithmunder varying network |oad. The network
| oad variation is created by adding and renoving network users a.Kk. a.
User Equi prments (UEs) during the simulation. |In this test case, each
of the user/UE in the nedia session is an RMCAT conpliant endpoint.
The arrival of users follows a Poisson distribution, which is
proportional to the length of the call, so that the nunber of users
per cell is kept fairly constant during the evaluation period. At
the beginning of the sinmulation there should be enough anount of tine
to warmup the network. This is to avoid running the evaluation in
an enpty network where network nodes are having enpty buffers, |ow
interference at the beginning of the simulation. This network
initialization period is therefore excluded fromthe eval uation

peri od.

This test case also includes user nobility and conpeting traffic.
The conpeting traffics includes both same kind of flows (with sane
adaptation algorithnms) and different kind of flows (with different
service and congestion control). The investigated congestion contro
al gorithnms shoul d show nmaxi mum possi bl e network utilization and
stability in terms of rate variations, |owest possible end to end
franme | atency, network |latency and Packet Loss Rate (PLR) at
different cell 1oad |evel

3.1.1. Net wor k Connecti on

Each nobile user is connected to a fixed user. The connection

bet ween the nobil e user and fixed user consists of a LTE radio
access, an Evol ved Packet Core (EPC) and an Internet connection. The
mobi |l e user is connected to the EPC using LTE radi o access technol ogy
which is further connected to the Internet. The fixed user is
connected to the Internet via wired connection with no bottl eneck
(practically infinite bandwidth). The Internet and wi red connection
in this setup does not add any network inmpairnents to the test, it
only adds 10nms of one-way transport propagation del ay.

The path fromthe fixed user to nobile user is defines as "Downlink"
and the path fromnobile user to the fixed user is defined as
"Uplink". W assune that only uplink or downlink is congested for
the nmobile users. Hence, we reconmend that the uplink and downli nk
sinul ati ons are run separately.
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3.1. 2.
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Figure 1: Simul ation Topol ogy
Si mul ati on Setup

val ues enclosed within " [ ] " for the follow ng simulation

attributes follow the notion set in [I-D.ietf-rntat-eval-test]. The
desired sinulation setup as foll ows-

1.

Sar ker,

Radi o envi r onnment

A. Depl oynent and propagation nodel : 3GPP case 1[ Depl oynent ]
Antenna: Multiple-Input and Miultiple-Qutput (MM, [2D, 3D
Mobility: [3kmh, 30kn h]

Transm ssi on bandw dt h: 10Mhz

m O O W

Nunber of cells: multi cell deploynent (3 Cells per Base
Station (BS) * 7 BS) = 21 cells

m

Cell radius: 166.666 Meters

G Scheduler: Proportional fair with no priority

H. Bearer: Default bearer for all traffic.

I. Active Queue Managenent (AQVW) settings: AQM [on, of f]
End to end Round Trip Time (RTT): [ 40, 150]

User arrival nodel: Poisson arrival nodel

User intensity:

* Downlink user intensity: {0.7, 1.4, 2.1, 2.8, 3.5, 4.2, 4.9,
5.6, 6.3, 7.0, 7.7, 8.4, 9,1, 9.8, 10.5}
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* Uplink user intercity : {0.7, 1.4, 2.1, 2.8, 3.5, 4.2, 4.9,
5.6, 6.3, 7.0}
5. Sinulation duration: 91s
6. Evaluation period : 30s-60s
7. Media traffic
1. Media type: Video
a. Media direction: [Uplink, Downlink]
b. Nunber of Media source per user: One (1)
c. Media duration per user: 30s

d. Media source: sane as define in section 4.3 of
[I-D.ietf-rncat-eval -test]

2. Media Type : Audio
a. Media direction: Uplink and Downl i nk
b. Number of Media source per user: One (1)
c. Media duration per user: 30s
d. Media codec: Constant BitRate (CBR)
e. Media bitrate : 20 Kbps
f. Adaptation: off

8. Oher traffic nodel:

*  Downlink sinulation: Mxinmm of 4Mops/cell (web browsing or
FTP traffic)

* Unlink sinulation: Maxinum of 2Mops/cell (web browsing or FTP
traffic)

3.2. Bad Radi o Coverage
The goal of this test is to evaluate the performance of candi date
congestion control algorithmwhen users visit part of the network

with bad radi o coverage. The scenario is created by using |arger
cell radius than previous test case. In this test case each of the
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user/UE in the nedia session is an RMCAT conpliant endpoint. The
arrival of users follows a Poisson distribution, which is
proportional to the length of the call, so that the nunber of users
per cell is kept fairly constant during the evaluation period. At
the beginning of the sinmulation there should be enough anount of tine
to warmup the network. This is to avoid running the evaluation in
an enpty network where network nodes are having enpty buffers, |ow
interference at the beginning of the simulation. This network
initialization period is therefore excluded fromthe eval uation

peri od.

This test case also includes user nobility and conpeting traffic.
The competing traffics includes same kind of flows (with sane
adaptation algorithns) . The investigated congestion contro
al gorithnms shoul d show maxi num possi bl e network utilization and
stability in terms of rate variations, |owest possible end to end
frane | atency, network |latency and Packet Loss Rate (PLR) at
different cell 1oad |evel

3.2.1. Network connection
Sanme as defined in Section 3.1.1

3.2.2. Simulation Setup

The desired sinulation setup is sane as Varying Network Load test
case defined in Section 3.1 except follow ng changes-

1. Radio environnent : Sane as defined in Section 3.1.2 except
fol | owi ngs

A. Depl oynent and propagation nodel : 3GPP case 3[ Depl oynent ]
B. Cell radius: 577.3333 Meters
C. Mbility: 3knih

2. User intensity = {0.7, 1.4, 2.1, 2.8, 3.5, 4.2, 4.9, 5.6, 6.3,
7.0}

3. Mediatraffic nodel: Sane as defined in Section 3.1.2

4. Oher traffic nodel: None
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3.3. Desired Evaluation Metrics for cellular test cases

RMCAT eval uation criteria document [I-D.ietf-rncat-eval-criterial
defines nmetrics to be used to eval uate candi date al gorithns.

However, | ooking at the nature and distinction of cellular networks
we recommend at mninmumfollowing netrics to be used to evaluate the
performance of the candidate algorithnms for the test cases defined in
this docunent.

The desired netrics are-

0 Average cell throughput (for all cells), shows cell utilizations.
o Application sending and receiving bitrate, goodput.

0 Packet Loss Rate (PLR)

o End to end Media frame delay. For video, this nmeans the del ay
fromcapture to display

o Transport del ay.
0 Algorithmstability in terms of rate variation
4. W-Fi Networks Specific Test Cases

G ven the preval ence of Internet access links over W-Fi, it is

i mportant to eval uate candi date RMCAT congestion control solutions

over W-Fi test cases. Such evaluations should also highlight the

i nherent different characteristics of W-Fi networks in contrast to
Wred networks:

o0 The wireless radio channel is subject to interference from nearby
transmitters, nultipath fading, and shadow ng, causing
fluctuations in |link throughput and sonetines an error-prone
conmuni cati on environnent

0 Available network bandwidth is not only shared over the air
bet ween cocurrent users, but al so between uplink and downlink
traffic due to the half duplex nature of wireless transm ssion
nmedi um

o Packet transmessions over W-Fi are susceptible to contentions and
collisions over the air. Consequently, traffic | oad beyond a
certain utilization | evel over a W-Fi network can introduce
frequent collisions and significant network overhead. This, in
turn, leads to excessive delay, retransm ssion, |oss and | ower
ef fective bandwi dth for applications.
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o The I EEE 802.11 standard (i.e., W-Fi) supports nulti-rate
transm ssion capabilities by dynami cally choosing the nost
appropriate nodul ati on schene for a given received singa
strength. A different choice of Physical-layer rate will lead to
di fferent application-layer throughput.

0 Presence of |egancy 802.11b networks can significantly sl ow down
the the rest of a nmobdern W-Fi Network, since it takes |longer to
transmt the sanme packet over a slower link than over a faster
link. [Editor’s note: nmaybe include a reference here instead.]

0 Handover fromone W-Fi Access Point (AP) to another nay cause
packet delay and | oss.

o | EEE 802. 11e defi ned EDCA/ WW ( Enhanced DCF Channel Access/W -Fi
Multi-Media) to give voice and video streans higher priority over
pure data applications (e.g., file transfers).

As we can see here, presence of W-Fi network in different network
topol ogies and traffic arrival can exert different inpact on the
networ k performance in terns of video transport rate, packet |oss and
delay that, in turn, effect end-to-end real-tinme nultinedia
congestion control

Throughout this draft, unless otherw se nentioned, test cases are
descri bed using 802.11n due to its wide availability in real-world
networks. Statistics collected fromenterprise W-Fi netwrks show
that the dom nant physical nobdes are 802.11n and 802. 1lac, accounting
for 73.6% and 22.5% of enterprise network users, respectively.

Since W-Fi network nornmally connects to a wired infrastructure,
either the wired network or the W-Fi network could be the
bottleneck. 1In the follow ng section, we describe basic test cases
for both scenarios separately. The sane set of performance netrics
as in[l-Dietf-rncat-eval-test]) should be collected for each test
case.

While all test cases described bel ow can be carried out using
simul ati ons, e.g. based on [ns-2] or [ns-3], it is also recomended
to performtestbed-based eval uations using W-Fi access points and
endpoi nts running up-to-date | EEE 802. 11 protocols. [Editor’s Note:
need to add some nore discussions on the pros and cons of simnulation-
based vs. testbed-based evaluations. WII be good to provide
recomended testbed configurations. ]
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4.1. Bottleneck in Wred Network

The test scenarios below are intended to mmc the set up of video
conferencing over W-Fi connections fromthe hone. Typically, the

W -Fi hone network is not congested and the bottleneck is present
over the wired hone access link. Although it is expected that test
evaluation results fromthis section are sinilar to those fromtest
cases defined for wired networks (see [I-D.ietf-rnctat-eval-test]), it
is worthwhile to run through these tests as sanity checks.

4.1.1. Network topol ogy

Fi gure 2 shows topol ogy of the network for W-Fi test cases. The
test contains nultiple nobile nodes (M\s) connected to a common W - Fi
access point (AP) and their corresponding wired clients on fixed
nodes (FNs). Each connection carries either RMCAT or TCP traffic
flow Directions of the flows can be uplink, downlink, or bi-

di rectional

upl i nk
S >+
[ + [ +
| M1 [)))) [===== FN_1 |
e + )) [/ e +
)) /1
)) /1
. )) /1 .
[ + E—— B + [ +
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e + | | | e +
| AP | :::::::::l FNO |
S + | | | S +
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)) \\
)) \\

. )) \\ .
S + )) \\ S +
| MN_tcp_M]))) \=====| MN_tcp_M |
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Fmmm e e e e maaaaaa +
downl i nk

Figure 2: Network topology for W-Fi test cases
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4.1.2. Test setup
0o Test duration: 120s
o W-Fi network characteristics:

* Radi o propagati on nodel: Log-distance path | oss propagation
nodel [ NS3W Fi ]

*  PHY- and MAC-| ayer configuration: |EEE 802.11n
* MCS Index at 11: 16-QAM 1/2, Raw Data Rat e@2Mops
0 Wred path characteristics:
* Path capacity: 1Mops
*  One-Way propagation delay: 50ns.
*  Maxi mum end-to-end jitter: 30ns
* Bottleneck queue type: Drop tail.
*  Bottleneck queue size: 300ns.
* Path loss ratio: 0%
0 Application characteristics:
* Media Traffic:
+ Media type: Video
+ Media direction: See Section 4.1.3
+ Nunber of nedia sources (N): See Section 4.1.3
+ Media tineline:
- Start tine: Os.
- End time: 1109s.
* Conpeting traffic:
+ Type of sources: long-lived TCP or CBR over UDP

+ Traffic direction: See Section 4.1.3
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4.1. 3.

(0]

4.1. 4.

+ Nunber of sources (M: See Section 4.1.3

+ Congestion control: Default TCP congestion control [TBD] or
CBR over UDP

+ Traffic timeline: See Section 4.1.3
Typical test scenarios
Single uplink RMCAT flow. N=1 with uplink direction and M=O.

One pair of bi-directional RMCAT flows: N=2 (with one uplink flow
and one downlink flow); M=O.

One pair of bi-directional RMCAT flows, one on-off CBR over UDP
flow on uplink : N=2 (with one uplink flow and one downlink flow);
M=l (uplink). CBR flowon tinme at 0s-60s, off tine at 60s-119s

One pair of bi-directional RMCAT flows, one off-on CBR over UDP
flow on uplink : N=2 (with one uplink flow and one downlink flow);
M=l (uplink). UDP off time: 0s-60s, on tine: 60s-119s

One RMCAT fl ow conpeting agai nst one long-live TCP fl ow over
uplink: N=1 (uplink) and M= 1(uplink), TCP start time: 0s, end
time: 119s.

Expect ed behavi or

Single uplink RMCAT flow the candidate algorithmis expected to
detect the path capacity constraint, converges to bottl eneck
link’s capacity and adapt the flow to avoid unwanted oscillation
when the sending bit rate is approaching the bottleneck link’s
capacity. No excessivie rate oscillations.

Bi -directional RMCAT flows: It is expected that the candi date
algorithnms is able to converge to the bottleneck capacity of the
wired path on both directions despite presense of neasurnent noise
over the W-Fi connection. 1In the presence of background TCP or
CBR over UDP traffic, the rate of RMCAT flows should adapt in a
tinmely manner to changes in the avail able bottl eneck bandwi dth.

One RMCAT fl ow conpeting with long-live TCP flow over uplink: the
candi date al gorithm should be able to avoid congestion coll apse,
and stablize at a fair share of the bottl eneck capacity over the
wi red path.
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4.2. Bottleneck in W-Fi Network
These test cases assune that the wired portion along the nmedia path
are wel |l -provisioned. The bottleneck is in the W-Fi network over
wireless. This is to mmc the enterprise/coffee-house scenari os.
4.2.1. Network topol ogy
Sane as defined in Section 4.1.1
4.2.2. Test setup
0 Test duration: 120s

o W-Fi network characteristics:

* Radi o propagati on nodel: Log-distance path | oss propagation
nmodel [ NS3W Fi ]

*  PHY- and MAC-| ayer configuration: |EEE 802.11n
* MCS Index at 11: 16-QAM 1/2, Raw Data Rate at 52Mips
0 Wred path characteristics:
* Path capacity: 100Mps
*  One-\Way propagation delay: 50ns.
*  Maxi mum end-to-end jitter: 30ns
* Bottleneck queue type: Drop tail.
*  Bottleneck queue size: 300ns.
* Path loss ratio: 0%
0 Application characteristics:
* Media Traffic:
+ Media type: Video
+ Media direction: See Section 4.2.3
+ Nunber of nedia sources (N): See Section 4.2.3

+ Media tineline:
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4.2.3.

- Start tinme: Os.
- End time: 119s.
*  Conpeting traffic:
+ Type of sources: long-lived TCP or CBR over UDP
+ Nunber of sources (M: See Section 4.2.3
+ Traffic direction: See Section 4.2.3

+ Congestion control: Default TCP congestion control [TBD] or
CBR over UDP

+ Traffic tineline: See Section 4.2.3

Typi cal test scenarios

This sections describes a few specific test scenarios that are deened
as inportant for understandi ng behavi or of a RMCAT candi date sol ution
over a W-Fi network.

(0]

Mul tiple RMCAT Fl ows Sharing the Wreless Downlink: N=16 (al
downlink); M= 0; This test case is for studying the inpact of
contention on conpeting RMCAT flows. Specifications for |EEE
802. 11n, MCS Index at 11: 16-QAM 1/2, Raw Data Rate at 52Mops is
chosen. Note that retransm ssions, MAC-|ayer headers, and contro
packets may be sent at a lower |ink speed. The total application-
| ayer throughput (reasonable distance, |low interference and small
number of contention stations) for 802.11n is around 20 Mops.
Consequently, a total of N=16 RMCAT flows are needed for
saturating the wireless interface in this experinent. Evaluation
of a given candi date solution should focus on whether downlink
RMCAT flows can stablize at a fair share of bandwi dth

Mul tiple RMCAT Fl ows Sharing the Wreless Uplink: N = 16 (al
downlink); M= 0; Wien multiple clients attenpt to transmt video
packets uplink over the wireless interface, they introduce nore
frequent contentions and potentially collisions. Per-flow

t hroughput is expected to be |lower than that in the previous
downl i nk-only scenario. Evaluation of a given candidate sol ution
shoul d focus on whether uplink flows can stablize at a fair share
of bandw dt h.

Multiple Bi-directional RMCAT Flows: N = 16 (8 uplink and 8
downlink); M= 0. the goal of this test is to evaluate
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performance of the candidate solution in ternms of bandwi dth
fairness between uplink and downlink flow

o Miltiple Bi-directional RMCAT Flows with on-off CBR traffic: N =
16 (8 uplink and 8 downlink); M= 5(uplink). The goal of this
test is to evaluate upgradi ng performance of the candidate
solution in ternms of avail abl e bandwi dt h changes caused by the CBR
uplink flow over UDP. CBR over UDP background flows have on tinme
0s-60s, and off time 60s-119s

0o Miltiple Bi-directional RMCAT Flows with off-on CBR traffic: N =
16 (8 uplink and 8 downlink); M= 5(uplink). The goal of this
test is to evaluate upgradi ng performance of the candidate
solution in terms of avail abl e bandw dt h changes caused by the CBR
uplink flow over UDP. CBR over UDP background flows have off tine
0s-60s, and on tine 60s-1109s.

o Miltiple RMCAT flows in the presence of background TCP traffic:
the goal of this test is to evaluate how RMCAT fl ows conpete
agai nst TCP over a congested W-Fi network for a given candidate
solution. TCP start time: Os, end tinme: 119s. [Editor’s Note:
nore detailed description will be added in the next version in
terns of directoin/nunber of RMCAT and TCP fl ows. ]

o Varying number of RMCAT flows: the goal of this test is to
eval uate how a candi date RMCAT sol uti on responds to varying
traffic | oad/ demand over a congested W-Fi network. [Editor’s
Note: nore detailed description will be added in the next version
in terns of arrival/departure pattern of the flows.]

4.2.4. Expected behavior

o Miltiple downlink RMCAT flows: Al RMCAT flows should get fair
share of the bandwidth. Overall bandw dth usage should be no |ess
than sane case with TCP fl ows (using TCP as perfornmance
benchmark). The delay and | oss should be within acceptabl e range
for real-tinme nmultinedia flow

o Miltiple uplink RMCAT flows: overall bandw dth usage shared by al
RMCAT fl ows should be no |l ess than those shared by the sane nunber
of TCP flows (i.e., benchmark performance using TCP fl ows).

o Miltiple bi-directional RMCAT flows with CBR over UDP traffic:
RMCAT fl ows should adapt to the changes in avail abl e bandwi dt h.

o Miltiple bi-directional RMCAT flows with TCP traffic: overal

bandwi dt h usage shared by all RMCAT fl ows should be no | ess than
t hose shared by the same nunber of TCP flows (i.e., benchmark
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performance using TCP flows). Al downlink RMCAT flows are
expected to obtain simlar bandwi dth with respect to each ot her.
4.3. Potential Potential Test Cases
4.3.1. EDCA/ WM usage
EDCA/WWM is prioritized QS with four traffic classes (or Access
Categories) with differing priorities. RMCAT fl ow should have better
performance (|l ower delay, |ess loss) wth EDCA WW enabl ed when
conpeting agai nst non-interactive background traffic (e.g., file
transfers). VWhen nost of the traffic over W-Fi is doninated by
nmedi a, however, turning on WW nay actual |y degrade perfornmance
This is a topic worthy of further investigation

4.3.2. Legacy 802.11b Effects
When there is 802.11b devices connected to nodern 802.11 network, it
may affect the performance of the whole network. Additional test
cases can be added to evaluate the affects of |egancy devices on the
performance of RMCAT congestion control algorithm

5. Concl usion

Thi s docunent defines a collection of test cases that are considered
i mportant for cellular and W-Fi networks. Mreover, this docunent
al so provides a franmework for defining additional test cases over
wireless cellular/W-Fi networks.

6. Acknow edgenents

We would Iike to thank Tomas Frankkila, Magnus Westerlund, Kristofer
Sandl und for their val uable coments while witing this draft.

7. |1 ANA Consi derations
This meno includes no request to | ANA
8. Security Considerations
Security issues have not been discussed in this neno.

9. References

Sar ker, et al. Expi res Novenber 8, 2016 [ Page 18]



Internet-Draft RMCAT Wrel ess Test Cases May 2016

9.1. Normmtive References

[ Depl oynent ]
TS 25.814, 3GPP., "Physical |ayer aspects for evol ved
Uni versal Terrestrial Radio Access (UTRA)", Cctober 2006,
<http://ww. 3gpp. org/ ftp/specs/
archive/ 25_seri es/ 25. 814/ 25814- 710. zi p>.

[ HO def - 3GPP]
TR 21. 905, 3GPP., "Vocabul ary for 3GPP Specifications”,
Decenber 2009, <http://ww. 3gpp.org/ftp/specs/
archive/ 21_series/ 21. 905/ 21905- 940. zi p>.

[ HO- LTE- 3GPP]
TS 36.331, 3GPP., "E-UTRA- Radi o Resource Control (RRO);
Pr ot ocol specification", Decenber 2011,
<http://ww. 3gpp. org/ ftp/specs/
archive/ 36_seri es/ 36. 331/ 36331- 990. zi p>.

[ HO- UMT'S- 3GPP]
TS 25.331, 3GPP., "Radio Resource Control (RRC); Protocol
specification", Decenber 2011,
<http://ww. 3gpp. org/ ftp/specs/
archive/ 25_seri es/ 25. 331/ 25331-990. zi p>.

[I-D.ietf-rncat-eval -criterial
Varun, V., Qt, J., and S. Hol mer, "Eval uating Congestion
Control for Interactive Real-tine Media", draft-ietf-
rncat-eval -criteria-05 (work in progress), March 2016.

[NSBWFi] "W-Fi Channel Mdel in NS3 Sinulator",
<htt ps://ww. nsnam or g/ doxygen/
classns3_1 1 yans_wi fi _channel . htn >.

[ QS-3GPP]
TS 23.203, 3GPP., "Policy and charging control
architecture", June 2011, <http://ww. 3gpp.org/ftp/specs/
archive/ 23_series/ 23. 203/ 23203-990. zi p>.

[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi renment Level s", BCP 14, RFC 2119,
DA 10.17487/ RFC2119, March 1997,
<http://wwv rfc-editor.org/info/rfc2119>.

Sar ker, et al. Expi res Novenber 8, 2016 [ Page 19]



Internet-Draft RMCAT Wrel ess Test Cases May 2016

9.2. Informative References

[I-D.ietf-rncat-cc-requirenents]
Jesup, R and Z. Sarker, "Congestion Control Requirenents
for Interactive Real -Tinme Media", draft-ietf-rncat-cc-
requi renents-09 (work in progress), Decenber 2014.

[I-D.ietf-rncat-eval -test]
Sarker, Z., Varun, V., Zhu, X, and M Ranmal ho, "Test
Cases for Eval uating RMCAT Proposal s", draft-ietf-rntat-
eval -test-03 (work in progress), March 2016

[ 1 EEE802. 11]
"Standard for Information technol ogy-- Tel ecommuni cati ons
and i nformation exchange between systens Local and
met ropol i tan area networks--Specific requirenents Part 11
Wrel ess LAN Medi um Access Control (MAC) and Physica
Layer (PHY) Specifications", 2012

[ LTE- si nul at or]
"NS-3, A discrete-Event Network Sinulator”,
<https://www. nsnam or g/ docs/ rel ease/ 3. 23/ manual / ht d /
i ndex. htm >.

[ ns-2] "The Network Simulator - ns-2"
<http://ww. isi.edu/ nsnan ns/>.

[ ns-3] "The Network Simulator - ns-3", <https://ww. nsnam org/>.
Aut hors’ Addresses

Zaheduzzaman Sarker

Eri csson AB

Laboratori egraend 11

Lul eae 97753

Sweden

Phone: +46 107173743
Emai | : zaheduzzanman. sar ker @ri csson. com

Sar ker, et al. Expi res Novenber 8, 2016 [ Page 20]



Internet-Draft RMCAT Wrel ess Test Cases May 2016

I ngemar Johansson
Eri csson AB
Laborat ori egraend 11
Lul eae 97753

Sweden

Phone: +46 10 7143042
Emai | : ingemar.s.johansson@ricsson. com

Xi aoqi ng Zhu

Cisco Systens

12515 Research Blvd., Building 4
Austin, TX 78759

USA

Enai | : xi aoqzhu@i sco. com

Jiantao Fu

Ci sco Systens

707 Tasman Drive

Ml pitas, CA 95035
USA

Emai |l : jianfu@isco.com

Wi - Ti an Tan

Cisco Systens

725 Al der Drive

Ml pitas, CA 95035
USA

Emai |l : dtan2@i sco. com

M chael A. Ranal ho
Ci sco Systens

8000 Hawki ns Road
Sarasota, FL 34241
USA

Phone: +1 919 476 2038
Emai | : nramal ho@i sco. com

Sar ker, et al. Expi res Novenber 8, 2016 [ Page 21]



