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Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in [9] apply.

3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

AC
Access Class of UE
AMC
Adaptive Modulation and Coding
AS
Access Stratum

ARQ
Automatic Repeat Request

BCCH
Broadcast Control Channel

BCH
Broadcast Channel

C-
Control-

CC
Call Control

CCCH
Common Control Channel

CCH
Control Channel

CCTrCH
Coded Composite Transport Channel

CN
Core Network

CRC
Cyclic Redundancy Check

DC
Dedicated Control (SAP)

DCA
Dynamic Channel Allocation

DCCH
Dedicated Control Channel

DCH
Dedicated Channel

DL
Downlink

DRNC
Drift Radio Network Controller

DSCH
Downlink Shared Channel

DTCH
Dedicated Traffic Channel

EDGE
Enhanced Data Rate for GSM Evolution

FACH
Forward Link Access Channel

FCS
Frame Check Sequence

FDD
Frequency Division Duplex
FEC
Feed-forward Error Correction
GC
General Control (SAP)

GERAN
GSM/EDGE Radio Access Network

GSM
Global System for Mobile Communications

HARQ
Hybrid Automated ReQuest
HCS
Hierarchical Cell Structure

HO
Handover

HSDPA
High Speed Downlink Packet Access
ITU
International Telecommunication Union

kbps
kilo-bits per second

L1
Layer 1 (physical layer)

L2
Layer 2 (data link layer)

L3
Layer 3 (network layer)

LAI
Location Area Identity

MAC
Medium Access Control
MCS
Modulation & Coding scheme
MM
Mobility Management

NAS
Non-Access Stratum

Nt
Notification (SAP)

PCCH
Paging Control Channel

PCH
Paging Channel

PDU
Protocol Data Unit

PHY
Physical layer

PhyCH
Physical Channels

PLMN
Public Land Mobile Network
RAB
Radio Access Bearer
RACH
Random Access Channel

RAT
Radio Access Technology

RLC
Radio Link Control

RNC
Radio Network Controller

RNS
Radio Network Subsystem

RNTI
Radio Network Temporary Identity

RRC
Radio Resource Control

SAP
Service Access Point

SCCH
Synchronisation Control Channel

SCH
Synchronisation Channel

SDU
Service Data Unit
SIR
Signal-to-Interference power Ratio
SRNC
Serving Radio Network Controller

SRNS
Serving Radio Network Subsystem

TCH
Traffic Channel

TDD
Time Division Duplex

TFCI
Transport Format Combination Indicator

TFI
Transport Format Indicator

TMSI
Temporary Mobile Subscriber Identity

TPC
Transmit Power Control

U-
User-

UE
User Equipment

UL
Uplink

UMTS
Universal Mobile Telecommunications System

URA
UTRAN Registration Area

UTRA
UMTS Terrestrial Radio Access

UTRAN
UMTS Terrestrial Radio Access Network

13
High Speed Downlink Packet Access 
The examples in this section apply from Rel-5 onwards
13.1
HSDPA scheduling

13.1.1
Introduction

The Radio Resource Management (RRM) strategies for HSDPA foresees that packet scheduling functionality performed by MAC-hs is tight-coupled with Adaptive Modulation and Coding (AMC) to the radio channel conditions and the Hybrid Automated ReQuest (HARQ) mechanism.

AMC matches the modulation-coding scheme to the instantaneous channel conditions for each user transmission. The power of the transmitted signal is held constant over a subframe interval, and the modulation and coding format are selected according to the quality of the received signal or the channel conditions, reported by the UE in the previous subframes. In this scenario, users close to the base station are typically assigned higher-order modulation schemes with higher code rates. The modulation-order and code rate will decrease as the distance from the base station increases.

The packet scheduling functionality acts in cooperation with the HARQ scheme in order to be able to recover temporary occurrence of bad radio conditions. HARQ combines feed-forward error correction (FEC) and ARQ methods that use packets from previous failed attempts for subsequent decoding. HARQ is an implicit link-adaptation technique and - unlike AMC - it uses link-layer acknowledgments (ACK/NACK) for re-transmission decisions. As a result, AMC provides the coarse data-rate selection upon estimated radio conditions, while HARQ provides fine data-rate adjustment based on channel conditions.

Along with AMC and HARQ, an efficient packet scheduling algorithm is an essential technique in order to improve the total system throughput as well as the peak throughput of each user. In the following sections, possible scheduling strategies are discussed and analysed.
13.1.2 Scheduling strategies

In general terms, the HSDPA packet scheduler entity can be considered responsible for the following two main issues: 

· maximization of the air interface performance (i.e. sector throughput) 

· to fulfil the QoS requirement in downlink for each user. 

Since packet scheduling strategies should take into account also the QoS constrains, different approach can be envisaged according to the type of service. For example, different strategies can be assumed for services belonging to INTERACTIVE or BACKGROUND classes (i.e. non-real-time services) and for the services belonging to CONVERSATIONAL and STREAMING classes (i.e. real-time services). 

13.1.2.1
Non real-time services 

HSDPA packet scheduler functionality for non real-time services can be based exclusively on the air interface performance maximization, since it is not necessary to guarantee a minimum bandwidth  to this type of services  (i.e. the “guaranteed bit rate” parameter in the RAB profile is not applicable to non real-time services [24])

Suitable packet schedulers for these services can be the Round Robin (RR) scheme and Maximum C/I scheme . In the Maximum C/I scheme, the scheduler assigns resources to the user with the highest received signal-to-interference power ratio (SIR), according to the reported received SIR value from all the users. Thus, an efficient modulation and channel coding scheme (MCS) yielding a higher bit rate is employed with priority for the user, to which the Maximum C/I method assigns the packet. Therefore, the Maximum C/I scheduler provides maximum system capacity (i.e. maximum sector throughput) at the expense of fairness, because all frames can be allocated to a single user with the best channel conditions and users experiencing poor radio conditions are further restricted in accessing the radio resources. As an alternative, in the RR packet scheduling the packet transmission resources are equally assigned to all users within a sector irrespective of the radio link conditions, so this scheduler provides a fair sharing of resources at the expense of a lower system capacity. 
In addition to RR and Maximum C/I schemes, also other packet schedulers can be envisaged for non real-time users. For instance, the Proportional Fairness (PF) method assigns packet transmission based on criteria such as the instantaneous SIR or long-term averaged SIR value of each user. Thus, after maintaining the fairness of the packet assignment duration for each user, packet assignment based on the priority is possible starting from the user having a relative higher received SIR. Simulation results in [26] show that although the and Maximum C/I schemes method achieves an aggregated user throughput within a cell higher than that using the PF and RR methods, the PF method enhances the user throughput for a large number of access users with a lower received SIR compared to the and Maximum C/I method.

13.1.2.2
Real time / near real-time services 

When real-time or near real-time services are considered, the RRM scheme should ensure throughput optimisation over the UMTS air interface and, at the same time, fulfil QoS requirements in order to satisfy every user (in terms of guaranteed bandwidth, maximum delay, etc.). 

QoS parameters for MAC-hs packet scheduler

In order to take into account QoS constrains associated to real-time services, MAC-hs packet scheduler at Node B can take advantages of the following two parameters: 

· MAC-hs Guaranteed Bit Rate 

· Discard Timer 

These parameters can be included in the HS-DSCH Information IE present in the RADIO LINK REQUEST message and sent from RNC to the Node B [27] hence the sheduler in Node B may use this information to optimise MAC-hs scheduling decisions. 

Examples of scheduling for real time services

Different examples of HSDPA packet scheduling algorithms, in conjunction with AMC and HARQ mechanisms, can be considered, in order to clarify how it could be possible to take advantage of the QoS parameters mentioned above when real-time services are considered.

The support of quality of service can be achieved by schedulers by prioritizing packets taking into account, for instance single packet delay, average delay of packets in queue of each user, or queue size. However, in order to optimise the system capacity, e.g. cell throughput, this prioritisation could be determined also taking into account parameters reflecting radio conditions.

This objective can be achieved, for example, by identifying a priority function where the above mentioned parameters affecting both QoS and system capacity are properly weighted. Possible examples of priority functions and related parameters are reported in Annex J.
Annex J – Examples of scheduling functions for HSDPA
This annex provides examples of HSDPA scheduling functions that combine both channel information and service requirements (i.e. “channel dependent” and “QoS aware” packet schedulers) for real-time / near real-time services, as described in section 13.
J.1
Link adaptation

A link-adaptation algorithm can used for the selection of suitable CQI to be assumed in transmission of each packet. In this example, the selected CQI is the highest that corresponds to BLER values not higher than 0.1, as described by the following expression:
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In case of services with variable packet sizes, the RRM algorithm could map packets of variable size into variable length radio blocks (which depends on the CQI). For such a system the following actions are performed by the scheduler in order to map packets into radio blocks through ARQ processes:

1. CQI is selected according the link adaptation algorithm;

2. Packet is prioritized according the prioritization scheduling algorithm;

3. Scheduler calculates the number of transport blocks needed to transmit the packet, according to the expression (2)
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where 
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4. An idle ARQ channel  is selected to hold packets and the number of allocated transport blocks;

J.2
Priority scheduling functions
Different scheduling algorithms may be considered, according to the way the different parameters such as reliability in transmission, service requirements and number of attempted transmissions are weighted, in order to combine reliability in packet transmission of each user with upper layer service requirements.

For instance, a priority value can be calculated every TTI combining W1, W2 and W3, where W1, W2 and W3 concern respectively to the reliability on block transmission, the service delay requirement and attempted transmissions. 
Three possible examples of priority functions (Priority1, Priority2, and Priority3) are reported below:
1. 
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(5)
Case 2 differs from case 1 by the fact that instead of actual individual packet delay value, the average delay of all packets in queue of one user is used. In case 3, instead of delay, the queue size in bits is used to prioritize the packet..

Further details on each functions are discussed below.

Reliability function, W1(CQI, SIR)

The expected reliability is obtained by means of CQI, which reflects the SIR that the mobile experiences. For the transmission reliability three values are associated with a weight function: transmission with low probability of correct packet reception, transmission with reasonable probability of packet reception and transmission with high probability of correct packet reception. To distinguish between the three cases, the SIR target, and threshold values are assigned accordingly depending on the service requirements.  The W1 function in relation to the SIR is given by (6)
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Where Target and Threshold are functions of the considered video streaming service.
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Figure J-1: Reliability function

The W2 function – Time-out and Queue size functions

Time-out function

A time-out function is shown by Equation (7), and illustrated in Figure J-2. A value for the constant k is obtained, assuming that when time-out is reached the function will have the same value of as the reliability function for SIR > Target + Threshold.
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Figure J-2: Scheduling delay function

Queue size function

A queue size function is shown by Equation (8), and illustrated in Figure J-3. A value for the constant k is obtained, assuming that when maximum size of the queue/buffer is reached, the W2 function will have the same value of as the reliability function for SIR > Target + Threshold.
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Figure J-3: Queue size function

Attempted Transmissions function, W3(attempTx)

The Attempted transmission function increases with the number of transmissions that the packet has experienced. The maximum number of transmissions will help to minimize the BLER results. After the third attempt the packet is discarded. Examples of values for the attempted transmissions are presented in (9) and graphically depicted in Figure J-4 for a maximum number of transmission equals to three. Three is the number for the maximum transmission attempts. However, other values can also be used.
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Figure J-4: Attempted transmissions function
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