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ABSTRACT

One main target for the evolution of 3G mobile commication is to provide the possibility of sigedintly higher
end-user data rates compared to what is achievibdtive first releases of the 3G standards. This r#ers to higher data
rates over the entire cell area including userthatcell edge. 3GPP standards body has significemthanced the peak
user throughput as part of Release-7 with feataseslIMO and Higher Order Modulation (HOM) and thias helped to
improve the average user throughput to some ex@mé approach to increase the typical user expegi€onsists in
pooling the radio resources of two or more carrierthe same base station and enabling a collakeraperation on the
lower radio layers (i.e. L2 layer) for a betteraesce utilization efficiency by dynamic radio reso&i management over
multiple carriers. Within 3GPP such operation hasrbinvestigated under the work item “Dual-Cell HFZDoperation on
adjacent carriers” (hereafter DC-HSDPA).

In this paper, a detailed description on DC-HSDBApresented. DC-HSDPA operation has the purpose of
enhancing the user experience throughout the wdalleange, in particular in outer area of the celverage (at the cell
edge where MIMO cannot be operated with dual stré@msmission). In terms of system performance, HEDPA
operation enables efficient and flexible spectrussea utilization offering efficient inherent loadlancing across the

carriers.

KEYWORDS: DC-HSDPA, Carrier Aggregation, Resource Utilizatidefficiency, Channel Quality Indicator,

Quadrature Amplitude Modulation
INTRODUCTION
Dual cell HSDPA (DC-HSDPA) is a 3GPP Release 8ufea which aims at increasing the peak data rateiger.

It can be defined as natural evolution of HSPA laans ofcarrier aggregation in the downlink. UMTS licenses are often
issued as 10 or 15 MHz paired spectrum allocati®hs.basic idea of the mutli-carrier feature isbhieve better resource
utilization and spectrum efficiency by means of rioated resource allocation and load balancingsacthe downlink
carriers. This coordinated resource optimizatioeromultiple carriers requires dynamic RRM in CELICB state to
achieve higher peak data-rates per HADPA user withsingle Transmission Time Interval (TTI), as lvae enhanced
terminal capabilities. The overall goal is to pawienhanced and consistent user experience abmselt especially at

the edges where the channel conditions are notdbl®and techniques such as MIMO cannot be used.

DC-HSPA provides twice the average burst rate @agbto two separate carriers. Simply speakingtheduler
can send a packet twice as fast and a burst ofusee is likely to be sent before a burst of anotser arrives.

Parallel transmission with 64-QAM modulation on le@arrier can theoretically provide an aggregatendionk peak data
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rate of 43.2Mbps in 10MHz without the support ofND. The Single-Carrier and Dual-Carrier HSDPA trarssion is

(E;) g

shown in Figure 1.
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Figure 1: Single Carrier v/s Multicarrier Transmission [10]

The Dual-Carrier HSDPA is based on the primary secbndary carrier. Both carriers provide all tiogvdlink
physical channels for the User Equipment (UE) Bottdownlink data transmission as well as the cleéssupporting the
uplink data transmission. The physical channelsHigh Speed Downlink Shared Channel (HS-DSCH), H8peed
Signaling Control Channel (HS-SCCH) and High Speedicated Physical Control Channel (HS-DPCCH).

In Dual-Carrier HSDPA without MIMO, the UE estinmat Two Channel Quality Information (CQI) for both
carriers separately to the link adaption. The U$o gbrovides in the uplink, two Hybrid Automatic Rep Request
(HARQ) acknowledgements for both downlink carriseparately.

GAIN OF DUAL CARRIER

An advanced HSPA network can theoretically suppprto 28Mbps and 42Mbps withsingle 5SMHz carrier for
Rel7 (MIMO with 16QAM) and Rel8 (MIMO with 64QAM)in good channel condition with low correlation between
transmit antennas. An alternatimeethod to double the data rates could be to usbleldhe bandwidth, i.e. 10MHz.
Additionally, some diversity and joint schedulingiigs can also be expected withproved QoS for end users in poor

environment conditions.

However, any fair assessment of DC gains requimsparison of a collaborative dugdrrier setup with an

independent use of 2 single carriers as referdheece, tharue gains of DC operations result from two factors

e The dynamic statistical multiplexing of users offémproved load sharing compared to static loadirstpaat
connection management level. Additionally, it alldouble the instantaneous data rates by assighitige code

and power resources to a single user in a TTI.

» The possibility to assign resources to a user dyeeiy either on the serving or the secondary sepviell

(or even both), leads to additional frequency g&ligg and improved QoS from coordinated scheduling

Besides throughput gain, also gains in the rednatif latency can be seen particularly for IP basadty traffic
sources that can efficiently be assigned with DCA.SRor low resource utilization, DC-HSPA providegde the average
burst rate compared to two separate carriers. iBh&hieved by making the scheduler send a pagket tas fast by
transporting the bursty packet of one user befdre bursty packet of another user is received. Bingicso,
Parallel transmission with 64-QAM modulation on le@arrier can theoretically provide an aggregatendionk peak data
rate of 43.2 Mbps in 10MHz without the support of\MlO.

Impact Factor (JCC): 3.2029 Index Copernicus Value (ICV): 3.0
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PHYSICAL CHANNELS

The simplified transmission system of HSDPA iswshan Figure 2. The Node B scheduler sends dathgaser
by the shared downlink channel based on the UEreHagquality report. Based on the outcome of theodew, the UE
will then reply with an Acknowledgement (ACK)/Neget Acknowledgement (NACK) message by the HS-DPCCH.

Node B LE

Figure 2: Simplified HSDPA Transmission System [9]

The High Speed Downlink Shared Channel (HS-DSCHpperts modulation and adoptive coding.
The Dual-Carrier HSDPA used 64 Quadrature Amplitiiielulation (QAM).

The High Speed Signaling Control Channel (HS-SCE&ighals the dynamic resource allocation to thesubg
the Node B scheduler (per 2 ms Transmission Tirtex\al (TTI)). The HS-SCCH carries the followinganmation:

e The addressing specific UEs like UE identity vidR specific Cyclic Redundancy Check (CRC).

e Transport Format and Resource Indicator (TFRI),ctvhdentifies the transmission format and the sakeztl

resource.
* The combining process is to identify redundancyiears, the Hybrid-ARQ-related information use in-BSCH.
Up to 4 HS-SCCHs can be monitored by a user.

The High Speed Dedicated Physical Control ChaifH&-DPCCH) supports the HARQ and channel based

scheduling for feedback signaling in the uplinkeTHS-DPCCH carries the following information:
» Channel Quality Information (CQI) is used to infoadmout the instantaneous channel condition tocheduler.
«  HARQ ACK/NACK is used to inform the decoding prosés the sender and request for retransmission.
CHARACTERISTICS

Feature is characterized as simultaneous receptibnmore than one HS-DSCH transport channel.
Certain categories of UEs may be configured int@lDZell operation in CELL_DCH state. When UE is fogured into
Dual Cell operation and a common transmitting Mas-entity is used for data transmission, the HS-B$8annels shall

be operated in following manner:
» The receiving Mac-ehs entity supports more thankb&eDSCH transport channel.
» Each of these HS-DSCH transport channels has its asgociated uplink and downlink signaling, and own

HARQ entity (further composed of multiple HARQ pesses)
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* Reordering, duplicate detection, segmentation asmksembly functions are common for these HS-DSCH

transport channels and HARQ entities.

Multi-carrier HSDPA

F1
Node-B-j )4 UE
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5 MHz 5 MHz 5 MHz
Figure 3: Multi-Carrier HSDPA Operation [11]

Two HS-DSCH transport channels for single UE aa@gmitted on two adjacent carriers as shown inr€ic3.

These carriers are classified as Anchor and Suppitary carrier as follows:

e Anchor Carrier: All uplink physical channels from the UE are senty on anchor carrier. Cell corresponding to

this carrier is called as Serving Cell.

e Supplementary Carrier: This carrier is only used for sending downlink HS®Dphysical channels and there is
no uplink physical channel expected from UE on tbisrier. Cell corresponding to this carrier isledl

Secondary Serving Cell.

Two cells corresponding to anchor and supplemgrtarriers belong to the same Node-B and operatie avi
single TX antenna (Inter-working with MIMO is exded of dual carrier operation so that at most te&a dtreams per UE

are configured). When UE is configured into Duall ©peration:
e It can be served dynamically (on per TTI granwarin either or both of the allocated cells atshene time.

e The UE shall simultaneously monitor an HS-SCCH isethe secondary serving HS-DSCH cell, and receive
HS-DSCH if it is scheduled in that cell as shownFigure 3. The maximum size of the HS-SCCH set in a
secondary serving HS-DSCH cell is 4 and the maximumber of HS-SCCHs monitored by the UE across both
the serving HS-DSCH cell and the secondary serd8gDSCH cell is 6. It shall be able to receive oplt
HS-SCCH on serving cell and 1 HS-SCCH on seconskamnying cell simultaneously.

sw

<}ISIDPCEN IACK/CQ for Catrier 1 and Carrlet 7|
DPDCH/DPCCH
< ridintiiatety >

Figure 4: Dual Cell Physical 391 Channel Structurg11]
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» It should have the capability to feedback ACK/NA@Kd CQI for both the cells simultaneously.

e UE will assume that all the HS-PDSCH channelizattodes and HS-SCCH from single cell shall be urader

single scrambling code. However, serving and semgnskrving cells can have different scramblingesod

* Legacy mobility procedures are supported basedersérving cell only. The secondary serving HS-DSfeH

does not belong to the active set of the UE.

» From UE perspective and inter-frequency measuresr(@#, 2B, etc), frequency of secondary serving BfscH

cell shall be treated as non-used frequency

UE CATEGORIES

Four new UE HS-DSCH physical layer categoriesZ2)1have been introduced which support Dual CelDR&

operation as shown in Table 1.

UEs of categories 21 shall also support one afgmaty 9, 10, 13, 14, 15, 16, 17 or 18 when dudlagration is
not configured. UEs of categories 22 shall alsgpsuipone of category 10, 14, 16 or 18 when dudl @gtration is not
configured. UEs of categories 23 shall also suppoetof category 13, 14, 17, 18, 19 or 20 when dethloperation is not
configured. UEs of categories 24 shall also suppoetof category 14, 18 or 20 when dual cell ope@nds not configured.

Table 1: HS-DSCH Physical 418 Layer Category [11]

HS-DSCH | Maximum | Minimum | Maximum Total Supported | Supported | Supported
category | number of | inter-TTI | numberof | number of | modulations | modulatio | modulatio
HS-DSCH | interval | bits of an HS- soft | without MIMO ns ns with
codes DSCH channel | operation | simultane | dual cell
received transport bits ordualcell | ouswith | operation
block operation MIMO
received operation
within and
an HS-DSCH without
il dual cell
NOTE 1 operation
23370 345600 QPSK,
27952 345600 160AM
35260 518400 - - QPSK,

16QAM,
4192 518400 BAQAM

Category 21 15
Category 22 15
Category 23 15

Category 24 15

Mac-ehs ARCHITECTURE

A single Mac-ehs entity as shown in Figure 4 oa tWTRAN 472 and UE side will support HS-DSCH
transmission/reception in more than one cell sergdsame NodeB. However, there is separate HARQyepér
HS-DSCH channel, i.e. one HARQ process per TTlsfagle carrier and two HARQ processes per TTI faalccarrier
transmission/reception. Hence, at physical layeml ccarrier transmission can be logically viewed iadependent

transmissions over two HS-DSCH channels, each gaasgsociated downlink and uplink signaling.

A separate transport block with same or diffefer@nsport Format Resource Combination (TFRC) isstratted
on both carriers based on the HARQ and CQI feedbackived on associated uplink HS-DPCCH channed FIARQ

retransmissions will be transmitted with the samediMation and Coding scheme (MCS) at the firstgmaigsion on the

same HARQ entity as the latter.
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Figure 5: UTRAN Side Mac-ehs Architecture [11]
DUAL-CELL HSDPA OPERATION

In Release 8, if the number of users is low, tbemal-Cell HSDPA can double the user data rate trxaach
user can utilize two parallel frequencies. Whennhenber of users increases, then the probabilitpvisthat each user
utilizes the full capacity of both parallel frequézs. But even at high system load, Dual-Cell HSD#évides lots of
capacity benefits for users compared to two singleiers. The gains and principles of the Dual-E&SDPA are shown in

Figure 6.

Numbert
of users

DC-HSDPA
e 2 ¢ SC-HEDPA

User data rate [Mbps]

1) = Double data rate at low number of users
2) = Capacity gain with certain user data rate
3) = Slightly higher data rate at high number of users

Figure 6: Data Rate Gain of Dual-Cell HSDPA [3]
In the following, features are discussed abouttyacity gain of Dual-Cell HSDPA:
Frequency Domain Packet Scheduling Gain

In both carriers of HSDPA, the UE providssparate CQI reports and no faded data or paaketsnit on the
frequency by the Node B packet scheduler. When ngpgome distance like tens of centimeters, the fading is
uncorrelated and location dependent. Between tws, thHe fast fading is independent. The frequenayaio scheduling

and its principles shown in Figure 7.
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Figure 7: Frequency Domain Scheduling with DC-HSDPA3]

In the serving cell, if user A allocated huge amtoof resources and user B allocated little amadnmesources,
then in the secondary serving cell, user B wilbllecated a huge amount of resources and user lb®illocated a little
amount of resources. For obtaining capacity gdifi€ also uses frequency domain scheduling. LTE iplless higher
capacity gains by using the frequency domain sdirflgompared to HSDPA because HSDPA frequencylugsa is
5 MHz and LTE is 180 kHz.

Statistical Multiplexing or Tracking Gain

Dual-cell HSDPA can be balanced the ldaetween two frequencies with 2ms TTI resolution the two
SC-HSDPA needs for balanced the load redirectiorsoav inter-frequency handovers. So the load isicheally balanced
for the two SC-HSDPA.

Multiuser Diversity Gain

The proportional fair algorithm can be utilized HEDPA packescheduling in the time domain. When there is a
huge number of UEs, then the HSDPA packet schagldlgorithm gives a higher gain. For the optimizetieduling,

now Dual-Cell HSDPA allows and accepts the usemnftwo frequencies.

COMPARISON BETWEEN REL'7 MIMO AND DOWNLINK DC-HSDPA
Rel'7 MIMO

HﬂdE-Bj,__ & - -‘i UE
—————

Figure 8

Two parallel data streams are sent to the UE ukiegame carrier (5 MHz), by exploiting rich sedtig in a 2x2

spatial channel
* Requires 2 Transmit and 2 Receive antennas and padhs.
e Doubles the number of boards per sector-carrienasMIMO Rel'7.
* When the channel is rank deficient or has low Sl only send a single stream.

» Suffers from inter-stream interference; space-titMSE or SIC at UE to suppress ISI (complexity).
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DC-HSDPA

Node-B j::ii::i UE

Figure 9

Two parallel data streams are sent to the UE usingcarriers (5 MHz + 5 MHz)
* Only needs 1 Transmit and 1 Receive antenna anal path.
» Same number of boards per sector-carrier v/s ndi®™Rel'7.
* No inter-stream interference.
e Increased UE complexity to support dual carrieeption and increase in HS-SCCH channel monitoring.
CONCLUSIONS

The extreme growth of wireless data usage is ihgatlie continuing evolution of today’s mobile brbadd
networks. HSPA has introduced a base for high smgktd connectivity in more than 150 countries vatimost 412
commercial networks and over 700 million subscsbaworldwide. The Dual-Cell HSDPA is the natural agreatest
economical evolution for HSPA. The Dual-Cell HSDBWows operators and subscribers to make the higtfésient use
of their existing investments and assets in netywgplkctrum and devices at low cost. The Dual-C8IDRA increased the

network

Capacity and now operators are able to offer ve@mwices and mobile broadband at low cost. ThetiNDarrier

HSDPA enhances the end user experience by incteastata rates, lower latency and increase tal&.tim

Carrier aggregation allows obtaining twice thekpeste for a single user than on a single cartiecontrast to
dual stream MIMO, a doubling of the user rate carabhieved in all channel conditions (i.e. evethatcell edge) and

without the expenses of dual Transmit antennagpamer amplifiers.
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