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- INTRODUCTION

Mobile communication advances opened the way for various innovative traffic applications

« Stringent latency and varying QoS requirements
* Multi-Flow traffic

Scheduling becomes challenging!

5G introduces the QoS Model

This architecture enables the support of

delay-critical and multi-flow traffic
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- 5G NR QOS MODEL

» Control is moved to the QoS flow level

Two-layer architecture: ; E ig _E g 3 & s _; “? g
« CN: mapping of SDFs to QoS flows [__i T ;]E z;g S E
*  M:1 multiple SDFs to 1 QoS flow B 5 S 5
« 1:1 each SDF to 1 QoS flow . PF i
\ SDE/TFT taffic templates /

 RAN: mapping of QoS flows to DRBs
* N:1 multiple QoS flows to 1 DRB
« 1:1 each QoS flow to 1 DRB
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5G NR QOS MODEL

A QoS flow is classified using a QoS flow identifier (QFI) in the network
* Included as an encapsulation header

* Indicates how a QoS flow should be treated

* 50QIl includes the characteristics of the flow:

AN
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the resource type (GBR/non-GBR/DC-GBR)
the Priority Level (P)

the Packet Delay Budget (PDB)

the Packet Error Rate (PER)

the Averaging Window (for GBR/DC-GBR)

the Maximum Data Burst Volume (for DC-GBR)

Image taken from: https://devopedia.org/5g-quality-of-service

5Ql

Resource

Defauit

Packet

Packet

Default

Default

Example Services

Value Type Priority Delay Error Maximum Averaging
Level Budget Rate Data Burst Window
(NOTE 3) Volume
(NOTE 2)
1 20 100 ms 102 N/A 2000 ms Conversational Voice
GBR (NOTE 11,
NOTE 13)
2 (NOTE 1) 40 150 ms 1073 N/A 2000 ms Conversational Video
(NOTE 11, (Live Streaming)
NOTE 13)
3 30 50 ms 107 N/A 2000 ms Real Time Gaming,
(NOTE 11, V2X messages (see
NOTE 13) TS 23.287 [121]).
Electricity distribution
— medium voltage,
Process automation
monitoring
“ee .
5 Non-GBR 10 100 ms 106 | NIA N/A IMS Signalling
NOTE 10,
NOTE 13)
6 (NOTE 1) N/A N/A Video (Buffered
60 300 ms 108 Streaming)
(NOTE 10, TCP-based (e.g.,
NOTE 13) www, e-mail, chat, ftp,
p2p file sharing,
progressive video,
etc.)
7 N/A N/A Voice,
70 100 ms 103 Video (Live
(NOTE 10, Streaming)
NOTE 13) Interactive Gaming
..
82 Delay- 19 10 ms 104 255 bytes 2000 ms Discrete Automation
critical (NOTE 4) (see TS 22,261 [2])
GBR
83 22 10ms 104 1354 bytes 2000 ms Discrete Automation
(NOTE 4) (NOTE 3) (see TS 22.261 [2]);
V2X messages (UE -
RSU Platooning,
Advanced Driving:
Cooperative Lane
Change with low LoA.
See TS 22.186 [111],
TS 23.287 [121])
84 24 30ms 10 1354 bytes 2000 ms Intelligent transport
(NOTE 8) (NOTE 3) systems (see

TS 22.261[2])
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- PROPOSED QOS MAC SCHEDULER

 We propose a generalized QoS MAC scheduler based on scheduling weights

* QoS Flow descriptors
* Resource Type (non-GBR/GBR/DC-GBR)
* Priority Level (P)
* Packet Delay Budget (PDB)
* Real-Time measurements inthe MAC Layer
* Head-Of-Line Delay (HOL)
* Proportional Fair Metric

(100 — P) %D +F for DC-GBR

{(100 — P) % +F  for non-GBR and GBR
* risthe instantaneous achievable data rate
« R(1) is the past average data rate updated within the updated window size T
* Fis 100 for retransmission, and F=10 otherwise

* Vs a configurable parameter PDB

//—\\ D is the newly introduced delay budget factor: D = PDB — HOL
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- PROPOSED QOS MAC SCHEDULER

» The active UEs are then classified in descending order in each Transmission Time Interval (TTI)
based on the sum of the calculated scheduling weights for all their active flows:

N
W:Zw
n=1

* N is the number of active Logical Channels (LCs) for a given UE

« Advantages of the proposed solution:

* Promotes flows with stringent latency requirements
« Packet discards are avoided for these flows }

» Considers the P of a flow

« Guarantees higher throughputs and use fairness (PF metric)
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- QOS LC ASSIGNMENT

» To serve multi-flow traffic the LC assignment is also of high importance

» Assign bytes to LCs considering:

« The guaranteed bit rate (e_rabGuarantedBitRate)
« The resource type of a flow

« The algorithm first finds the active GBR and DC-GBR with the e_rabGuarantedBitRate set.

* In case there are more than 1 and the total requirements exceed the assigned bytes ->
Assign equally the assigned bytes (RR fashion)

* In case their total requirements are less that the assigned bytes -> Assign the minimum
among the e_rabGuaranteedBitRate and the RLC buffer size

« The rest of the bytes (if any), are assigned in RR fashion to the rest of LCs
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- QOS LC ASSIGNMENT

bytesLeftTr,.ReAssigned

if gbrActiveMap>1 &&
SumGbr > tbs
RR assignment

bytesLeftToBeAssigned = tbs

bytesLeftToBeAssigned = 0

GBR Flow gbr set \ gbrActiveMap
/ Sum gbr to SumGbr
DC-GBR Flow gbr set \ else if gbrActiveMap >0 RR assignment of

O = e’ elBliiier) bytesLeftToBeAssigned
non-GBR Flow

bytesLeftToBeAssigned -= bytes

bytesleftToBeAssigned
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NS-3 IMPLEMENTATION
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NrMacSchedulerLcRR

NrMacSchedulerLcAlgorithm

+As5ignBytesToD1LC()

+Assignation: struct

NrMacSchedulerLcQos

+AssignBytesToDLLC()

_AssignBytesToLC() +AssignBytesToDILC()
|
NrMacSchedulerLC NrMacSchedulerNs3

Tm id: uint3z t +m_schedLc: Ptr=NrMac5chedulerLcAlgorithm
+m_gci: uint8_t <:F — — — _|+m_schedLcType: Typeld | ====-=
+m_resourceType: uint8_t -DoScheduleDlData()
+m_priority: uint8 t +AssignDLRBG()
+m_delayBudget: Time +CreateD1Dci()
+m_eRabGuaranteedBitrateDl: uint64_t
+m_rlcTransmissionQueueSize: uint32_

NrMacSchedulerTdma

#AssignDLREBG( )
-AssignRBGTDMA()
#CreateDci() <]

NrMacSchedulerOfdma

#GetUeCompareDlFn()
#AssignedDlResources()
#NotAssignedDlResources()
#BeToreDl1Sched()

NrMacSchedulerTdmaRR

NrMacSchedulerTdmaQos

#GetUeCompareDlFn() -

#AssignedDlResources()
#NotAssignedDlResources()
#BeforeDl5ched()

+m_timeWindow: double
+m_alpha: double

#GetUeCompareDlFn()
#AssignedD1Resources()
#NotAssignedDlResources()
#BeToreDl5ched()

#As51gnDLRBG ()
#CreateD1Dci()

i

NrMacSchedulerOfdmaRR

NrMacSchedulerUelnfo

+m_d1TbSize: uint32_t

+m_d1LCG: std::unordered_map<uint8_t, LCGPtr
+m_rnti: uintlé_t

v

+GetD1LCG()
+ResetD1SchedInfo()
+UpdateD1Metric()
+ResetDlMetric()

NrMacSchedulerUelnfoRR

- >]+compareveweightsD1()
+ResetD1SchedInfo()
+ResetD1lMetric()

#GetUeCompareD1Fn()
#AssignedD1Resources()

NrMacSchedulerOfdmaQos

+m_timeWindow: double
+m_alpha: double

+5et/GetFairnessIndex()
+5et/GetTimeWindow( )
#GetUeCompareD1Fn{)
#AssignedD1Resources()
#MotAssignedD1lResources()
#BeforeblSched()

A

NrMacSchedulerUelnfoQos

+m_currTputDl: double
+m_avgTputDl: double
+m_lastAvgTputDl: double
+m_potentialTputDl: double
+m_alpha: float

+ResetD1lSchedInfo()
+ResetD1lMetric()
+UpdateDlQosMetric()
+CalculatePotentialTPutDl()
-CompareUeWeightsD1()
-CalculateD1lWeight()
-CalculateDelayBudgetFactor()




NS-3 IMPLEMENTATION QOS MAC SCHEDULER

NrMacSchedulerLcAlgorithm
NrMacSchedulerLcRR g NrMacSchedulerLcQos
- Dv +Assignation: struct q
+AssignBytesToD1LC() - =
-AssignBytesToLC() +AssignBytesToD1LC() +AssignBytesToD1LC()

NrMacSchedulerNs3

+m_schedLc: Ptr<NrMacSchedulerLcAlgorithmp

NrMacSchedulerUelnfo

+m_d1TbSize: uint32_t
+m_d1LCG: std::unordered_map<uint8_t, LCGPtr

NrMacSchedulerLC

+m_id: uint32_t

)

+m_qci: uint8_t <:F — — — —|*m_schedLcType: TypeId === == +m_rnti: uintl6_t
+m_resourceType: uint8_ t -DoScheduleDlData() +GetDLLCG()
+m_priority: uint8 t +AssignDLRBG() +ResetDlSchedInfo()
+m_delayBudget: Time +CreateD1Dci() +UpdateDlMetric()

+ResetDlMetric()

+m_rlcTransmissionQueueSize: uint32_

+m_eRabGuaranteedBitrateDl: uint6d4_t ?

« Theysetthe schedulertype and the

+m_avgTputDl: double
+m_lastAvgTputDl: double
+m_potentialTputDl: double
+m_alpha: float

NrMacSchedulerTd
access mode type through the user o R
example ’fﬁjiigﬁg;ﬁ?ﬁ,ﬂj” NrMacSchedulerOfdma
° They implement the virtual functions ﬁé;iﬁﬁﬁﬁ;;j,’,ewm < :ﬁssigngtgsggg NrMacSchedulerUelnfoRR
. = reate (o

that update the DL/UL metrics foreach oot s anedbiResoar cus () % - -DfCompareUeeigntsot ()

UE and the potential throughput based FReTorellchedd) | |sresetowmetricy

on the available resources NrMacSchedulerofdmaRR | | A

#GetlUeCompareDLlFn() - 1 |NrMacSchedulerUelnfoQos
NrMacSchedulerTdmaRR daicl? Resource : +m_currTputDLl: double

1

#GetUeCompareD1Fn{()
#AssignedD1lResources()

NrMacSchedulerOfdmaQos
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NrMacSchedulerTdmaQos

NotAssignedDlResources()
BeforeDlSched()

/ +m_timeWindow: double

+m_timeWindow: double
+m_alpha: double

#GetUeCompareDlFn{()
#AssignedDlResources()
#NotAssignedD1Resources()
#BeToreDlSched()

+m_alpha: double

+5et/GetFairnessIndex()
+5et,/GetTimeWindow( )
#GetUeCompareDlFn()
#AssignedD1Resources()
#NotAssignedD1lResources( )
#BeforeDl5ched()

""" D +ResetD1SchedInfo()

+ResetD1lMetric()
+UpdateDlQosMetric()
+CalculatePotentialTPutDl()
-CompareleWeightsDl()
-CalculateD1lWeight()
-CalculateDelayBudgetFactor()




NS-3 IMPLEMENTATION QOS MAC SCHEDULER

NrMacSchedulerLcAlgorithm
NrMacSchedulerLcRR g NrMacSchedulerLcQos
- >+Assignatiun: struct q
+AssignBytesToDLLC() q +AssignBytesToDLLC()
AssignBytesToLC() +AssignBytesToDILC() gney
1
NrMacSchedulerUelnfo
NrMacSchedulerLC NrMacSchedulerNs3 +m_dlTbSize: uint32 t
Tm id: uinisz © +m_schedlLc: Ptr<NrMacSchedulerLcAlgorithm} +m_dlLCG: std::unordered map=uint8_t, LCGPtrp
+m_qci: uints t <]_ — — — —|*m_schedLcType: TypeId | === == _Dﬂn_rntl: uintl6_t
+m_resourceType: uint8 t -DoScheduleDlData() +GetD1LCG()
+m_priority: uints t +AssignDLRBG( ) +ResetDl5chedInfo()
+m_delayBudget: Time +CreateD1Dci() +UpdateDlMetric()
+m_eRabGuaranteedBitrateDl: uint64 t +ResetDlMetric()
+m_rlcTransmissionQueueSize: uint32_
NrMacSchedulerTdma
#As51gnDLRBG
-Assignmmmﬁn NrMacSchedulerOfdma
' A, < - NrMacSchedulerUeinfoRR
* Uses the DL/UL metrics and performs #GetUeCompareD1Fn() #Ass1gnDLRBG() rMacSchedulerUelnfo
. #AssignedDlResources() #CreateDlDci() -
the sorting of the UEs based on the #lotAssignedDlResources() — {>{+ComparelelieigntsDL()
) . #BeforeDlSched() +ResetDlSchedInto ()
calculation of weights | [tResetbutetric()
NrMacSchedulerOfdmaRR [IS 7~
|
#GetUeCompareDLFn() - ﬁrMacSchedulerUelnantﬁ
NrMacSchedulerTdmaRR FAssignediiResourcest) I ENFTIIITEILE Soniile

+m_avgTputDl: double
+m_lastAvgTputDl: double
+m_potentialTputDl: double

D#GetUeCompareDan[} ————————— ? _________________

#AssignedD1lResources()
#NotAssignedD1Resources() NrMacSchedulerOfdmaQos| = _ _ _ [ +m_alpha: float
NrMacSchedulerTdmaQos #BeforeDlSched() Tm timeWindow: double 1 +ResetDlSchedInfo()
+m_timeWindow: double +m_alpha: double : :3:3::2;’:;5;;21‘:“
+m_alpha: double +Set/GetFairnessIndex() | __ _ _ _ I +CalculatePotentialTPutDl()
Il t #GetUeCompareD1Fn{() +Set/GetTimeWindow() -CompareleWeightsDl()
#AssignedD1Resources() #GetUeCompareDlFn() -CalculateDlWeight ()
5 G—L E NA #NotAssignedDlResources() #AssignedD1Resources() W CalculateDelayBudgetFactor () /
#BeToreDlSched() #NotAssignedD1lResources( )
5G NR ) #BeforeDl5ched() $
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NS-3 IMPLEMENTATION QOS MAC SCHEDULER

NrMacSchedulerLcRR

+AssignBytesToDLLC()
mamu

f NrMacSchedulerLC

NrMacSchedulerLcAlgorithm
9 NrMacSchedulerLcQos
>+Assignatiun: struct q
+AssignBytesToDLLC() +AssignBytesToD1LC()
1
NrMacSchedulerUelnfo
NrMacSchedulerNs3 +m_dlTbSize: uint3z2 t

+m_id: uint32_t

+m_gei: uint8_t
+m_resourceType: uint8_t
+m_priority: uint8_t
+m_delayBudget: Time

+m_eRabGuaranteedBitrateDl: uint6d4_t
+m_rlcTransmissionQueueSize: uint32_

+m_schedLc: Ptr<NrMacSchedulerLcAlgorithmp

— — — —|tm_schedlLcType: Typeld +m_rnti: uintl6_t

+m_d1LCG: std::unordered_map<uint8_t, LCGPtr

)

+GetDLLCG()

-DoScheduleDlData()
+ResetD1lSchedInfo()

Extended to include the QCI (5Ql)of a
flow, the resource type, the priority level
(P) and the e_rabGuaranteedBitRate
BwpManagerAlgorithmis also
extended to supportRelease 18 5Qls
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+Ass5ignDLRBG()
+CreageDIDci(J +UpdateDlMetric()
Zis +ResetD1lMetric()
NrMacSchedulerTdma

#AssignDLRBG()

-AssignRBGTDMA() » NrMacSchedulerOfdma
#CreateDci() -
#GetUeCompareD1Fn() #AssignDLRBG() NrMacSchedulerUelnfoRR

#CreateDlDci()

#AssignedDlResources()

#NotAssignedDIResources() r 4:’:;222:;?:5ﬁ2;%:;2?}f1
#BeforeDlSched() I +ResetDlMetric()
NrMacSchedulerOfdmaRR : [IS
#GetUeCompareDLFn() B I
#AssignedD1Resources
NrMacSchedulerTdmaRR J 3 |
1

NrMacSchedulerTdmaQos

#GetUeCompareD1Fn{()
#AssignedD1lResources()
#NotAssignedDlResources()
#BeforeDlSched() 1

+m_timeWindow: double
+m_alpha: double

#GetUeCompareDlFn{()
#AssignedDlResources()
#NotAssignedD1Resources()
#BeToreDlSched()

+m_timeWindow: double
+m_alpha: double

+Set/GetFairnessIndex() | _ _ _ _ _ 1
+5et,/GetTimeWindow( )

#GetUeCompareDlFn()
#AssignedD1Resources()
#NotAssignedD1lResources( )
#BeforeDl5ched()

NrMacSchedulerUelnfoQos

+m_currTputDl: double
+m_avgTputDl: double
+m_lastAvgTputDl: double
+m_potentialTputDl: double
+m_alpha: float

NrMacSchedulerOfdmaQos ‘D

+ResetD1lSchedInfo()
+ResetD1lMetric()
+UpdateDlQosMetric()
+CalculatePotentialTPutDl()
-CompareleWeightsDl()
-CalculateD1lWeight()
-CalculateDelayBudgetFactor()




NS-3 IMPLEMENTATION QOS LC ASSIGNMENT

NrMacSchedulerLcAlgorithm
NrMacSchedulerLcRR g NrMacSchedulerLcQos
- Dv +Assignation: struct q
+AssignBytesToD1LC() - =
-AssignBytesToLC() +AssignBytesToD1LC() +AssignBytesToD1LC()

NrMacSchedulerLC

NrMacSchedulerUelnfo

NrMacSchedulerNs3

+m_id: uint32_t

+m_gei: uint8_t
+m_resourceType: uint8_t
+m_priority: uint8_t
+m_delayBudget: Time

+m_eRabGuaranteedBitrateDl: uint6d4_t
+m_rlcTransmissionQueueSize: uint32_

+m_schedLc: Ptr<NrMacSchedulerLcAlgorithmp

+m_d1TbSize: uint32_t
+m_d1LCG: std::unordered_map<uint8_t, LCGPtr

)

<:F — — — —|*m_schedLcType: Typeld = |} === == +m_rnti: uintl6_t
-DoScheduleDlData( ) +6etD1LCG()
+AssignDLRBG( ) +ResetDlSchedInfo()
+CreateD1Dci() +UpdateDlMetric()

» Created new classesto assign bytesto LCs

* NrMacSchedulerLcRR assigns bytesin RR
fashion as in the initial implementation

* NrMacSchedulerLcQos performsthe
assignment by taking into account the

resource type and the

e _rabGuaranteedBitRate of a flow

7/

M iﬁl
5G NR
Network

Simulator

Zis +ResetDlMetric()

NrMacSchedulerTdma

#AssignDLRBG()

-AssignRBGTDMA() NrMacSchedulerOfdma

NrMacSchedulerTdmaQos

+m_avgTputDl: double

#CreateDci() <} _
#GetUeCompareDLFn() ﬁﬁﬁlgngth?E ) NrMacSchedulerUelnfoRR
#AssignedDlResources() reate ci() _ o — T ———Y
#NotAssignedDlResources() | [} +ResztDlSchedgnfo[)E)
#BeforeDtSched() [ +ResetDlMetric()
NrMacSchedulerOfdmaRR : [IS
#GetUeCompareDLFn() - 1 |NrMacSchedulerUelnfoQos
#AssignedD1lResources 1 o
NrMaCS CheduleermaRR g () . +m_curerutD1_ : double
1

#GetUeCompareD1Fn{()
#AssignedD1lResources()
#NotAssignedDlResources()
#BeforeDlSched() 1

+m_timeWindow: double
+m_alpha: double

#GetUeCompareDlFn{()
#AssignedDlResources()
#NotAssignedD1Resources()
#BeToreDlSched()

+m_timeWindow: double
+m_alpha: double

+Set/GetFairnessIndex() | _ _ _ _ _ 1
+5et,/GetTimeWindow( )

#GetUeCompareDlFn()
#AssignedD1Resources()
#NotAssignedD1lResources( )
#BeforeDl5ched()

+m_lastAvgTputDl: double
+m_potentialTputDl: double
+m_alpha: float

NrMacSchedulerOfdmaQos ‘D

+ResetD1lSchedInfo()
+ResetD1lMetric()
+UpdateDlQosMetric()
+CalculatePotentialTPutDl()
-CompareleWeightsDl()
-CalculateD1lWeight()
-CalculateDelayBudgetFactor()




NS-3 IMPLEMENTATION EXTENSIONS

 Support of DC-GBR in lte module

5Ql Resource | Default Packet Packet Default Default Example Services
Value Type Priority Delay Error Maximum Averaging
Level Budget Rate Data Burst Window

«  MemberQosBearerType e of (NOTE 3) Yoles
structure LogicalChannelConfigListElement s 7 = THoms | 07 [NA 00 Tve' Uik
. . GBR (NOTE 11, Streaming (e.g.
iIs modifiedto support DC-GBR resource type NOTE 13, TS 26.238 [76))

. ] NOTE 15)
« The logic of how the resource type of a flowis 72 56 | a00ms | 10° |NA 2000 ms "Tive” Uplink
consideredin the EpsBearer class has been changed iy Sueaming feg.
p g NOTE 13, TS 26.238 [76))
. . . NOTE 15)
« Various classes using the old logic have beenupdated 7 5% 1 300ms | 70° [VA 3000 ms e Upink
(NOTE 11, Streaming (e.g.
NOTE 13, TS 26.238 [76])
« Support for Release 18 5QIs NOTE 15)
74 56 500 ms 108 N/A 2000 ms "Live" Uplink
(NOTE 11, Streaming (e.g.

° NOTE 15) TS 26.238 [76])
EpsBearercIass_has _been further extended to support — 5T s | om TWn TS R
new 5QIs as defined in Release 18 (NOTE 11, Streaming (e.g.

. NOTE 13, TS 26.238 [76])
« BwpManagerAlgorithm has beenalso extended to NOTE 15)
87 Delay- 25 5ms 10'3 500 bytes 2000 ms Interactive Service -
Support these 5Q Is critical (NOTE 4) Motion tracking data,
GBR (see TS 22.261 [2])
88 25 10 ms 1073 1125 bytes | 2000 ms Interactive Service -
(NOTE 4) Motion tracking data,
(see TS 22.261 [2])
89 25 15 ms 10 17000 2000 ms Visual content for
(NOTE 4) bytes cloud/edge/split
rendering (see
TS 22.261 [2))
90 25 20 ms 104 63000 2000 ms Visual content for
(NOTE 4) bytes cloud/edge/split
rendering (see
//\\/\ TS 22.261 [2])
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NS-3 IMPLEMENTATION EXTENSIONS

5GLENA

Network
Simulator

Support for PDCP Discard Timer

+ LteRIcUm has been extended to supportthe discarding of a packet when the PDCP packet data unit (PDU) is passed

fromPDCP->RLC

« the value of the discardtimer is either an attribute setin the user script, or the PDB value of the flow is used (5Ql)
 if the buffering time reaches the discard timer value, the packet will be discarded

System Test

« system-scheduler-test-qos has been implementedto test the correctfunctionality of the scheduler
» Itchecks if the obtained throughput is as expected forthe QoS scheduling logic

Validation and Evaluation Example

« cttc-nr-multiflow-gos-sched.cc
» single-celltopologywith 2 UEs
« UE 1 generates DL non-GBR traffic with 5QI = 80
 UE 2 generates two-flowsin DL
* non-GBR with 5QI =80
* DC-GBRwith 5QI = 87 and e_rabGuaranteedBitRate =5Mbps

| Scenario Parameter

|| Value

Carrier frequency

4 GHz

Bandwidth

5 MHz / 10 MHz / 50 MHz

Numerology

1

BS/UE transmit power 43/23 dBm
BS/UE antenna height 10/1.5 m
Propagation model 3GPP UMa TR 38.901

BS antenna array

1 TXRU: 1x1 (3GPP elements)

UE antenna array

1 TXRU: 1x1 (isotropic element)

Shadowing/Fading Disabled/Disabled
Channel condition LoS, No updates
PDCP Discarding Timer 10ms for 5QI=80 (non-GBR),

5ms for 5Q1=87 (DC-GBR) [2]

e_rabGuaranteedBitRate
(DC-GBR)

5 Mbps



EVALUATION APPROACH

* We evaluate the QoS MAC scheduler in conjunction with the implemented QoS LC Assignment

* We study two network conditions

« Non-Saturation: the resources are sufficient to serve all the generated traffic (50 MHZz)

« Saturation: resources are not sufficient to serve all the generated traffic (10 MHz, 5 MHz)
« The target behind this choice is to provide information related to the average end-to-end
delay and throughput, including the user prioritization

Benchmarks:

* QO0S-RR: QoS MAC scheduler with original LC Assignment method (RR fashion)

* Proportional Fair (PF) scheduler
* Round Robin (RR) scheduler
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SIMULATION RESULTS
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SIMULATION RESULTS
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Figure 3: End-to-end Average Delay and Throughput for 10MHz bandwidth
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SIMULATION RESULTS
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Figure 4: End-to-end Average Delay and Throughput for 5MHz bandwidth
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