Physical Channels and
Procedures at the Air Interface
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* Dedicated Physical Data Channel (DPDCH)
— User and singalling data from higher layers
— Layerl connection can have 0, 1, or several DPDCH
» Dedicated Physical Control Channel (DPCCH)
— controls physical layer transmission between partner entities
— Only information of the phyiscal layer on DPCCH
— Each layer 1 connection has exactly 1 DPCCH
 Physical Random Access Channel (PRACH)

— Messages of the random access channel are transmitted over the
PRACH

 Physical Common Packet Channel (PCPCH)

— Packet data of CPCH is transmitted over PCPCH through use of
Carrier Sense Multiple Access with Collision etection (CSMA/CD)
technique
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* Dedicated Physical Channel (DPCH)

— DPDCH and DPCCH are implemented in the downlink in one
physical channel, the DPCH

e« Common Pilot Channel (CPICH)
— Supports macro diversity

« Common Control Physical Channel (CCPCH)
— Distribution services over a CCPCH

— CCPCH separates into Primary-CCPCH mapped to BCH and
Secondary-CCPCH being mapped to FACH and PCH

* Synchronisation Channel (SCH)
— Used for cell search, synchronisation of mobiles
* Physical Downlink Shared Channel (PDSCH)
— Used to transmit data over the DSCH (Downlink Shared Channel)
— Shared by several mobiles
— A DPCH is always allocated to the PDSCH
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* Burst has 2560 chips, equivalent to 10/15 ms

e 15 bursts in one time frame (10ms)

 Time frame in UL always filled, 15 bursts are transmitted continuously
without guard time

« DPDCH

— carries coded and interleaved user data of higher layers,
transmitting at between 10 bit/burst and 640 bit/burst (depending on

spreading factor)
— 640 bit/burst -> 9600 bit/timeframe ->960Kkbit/s

— How can data rates of more than 960 kbit/s be reached?

* One or several (max. 6) DPDCH can be used simultaneously for
transmission -> theoretically up to 5760 kbit/s (1920kbit/s required by
standard).

 |f several are used: then all DPDCH must have the same spreading
factor between 4 and 256,

» as evenly as possible distributed over | and Q branches.

— Variable Rate can therefore be implemented by different spreading
factors, but also by multicodes
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« Signalling information between physical layers in base
station and mobile station;

» exactly one DPCCH per connection

o Spreading factor always 256 : What is the data rate??
— one DPCCH burst carries 10 bit, 150 bit/frame -> 15 kbit/s
— With at least 1 bit for power control -> 1.5 kbit/s for PC

« 10 bit: 6 different combinations, differing in the length of
fields. The fields are:
— Pilot Bits
— Transport Format Combination Identifier (TFCI) of DPDCH
— Feed Back Information (FBI): Power Control Command: +,-,0
— Transport Power Control (TPC)
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Physical channels are not separated | and Q branches in downlink.

Therefore only one Dedicated Physical Channel (DPCH) taking over
the tasks of DPDCH and DPCCH of the uplink (kind of time
multiplexing).

Data Rate

— 2560 chips/burst, burst 10/15ms

— spreading factor between 4 and 512

— QPSK — symbol rate to bit rate ??

DPCH burst:

— 17 possible burst variations

— 2 data fields for higher layer data, corresponds to DPDCH

— TPC, TFCI and pilot are equivalent to DPCCH fields in uplink

If bit rate of DPCH is not sufficient for CCTrCH, then CCTrCH can be
mapped to several DPCH with same spreading factor and transmitting
In parallel

With several DPCH for one UE, DPCCH information only required
once, fields in further DPCHs remain empty (DTX)

Parallel operation is also required for multiple user
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Increased power for control information,
a) because physical layer info is very important,
Universitat Bremen b) to have an even transmit power
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e Multicode implies all DPCH use the same
spreading factor

e Base Station needs further channels, e.g. CPICH

 Maximum data rate is determined by spreading
factor 4 and 3 parallel channels

e Gross data rate includes coding. Deduce coding
with coding rate 1/3 approx. 2 Mbit/s Is max.
available for one user.

e This is also the cell capacity
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* Objectives:

— If UE wants to switch to other frequency
channels or to GSM, It has to receive and
decode pilot signals on other frequency bands

— Recelving In different frequency bands
simultaneously Is difficult

— > Compressed Mode

@ Universitat Bremen -112 -

®
FB 1 — ikom / Kommunikationsnetze
Andreas Timm-Giel — May 27th, 2004



A
¥
4
¥
4
\ 4
A
A 4

Universitat Bremen -113-

v

®
FB 1 — ikom / Kommunikationsnetze
Andreas Timm-Giel — May 27th, 2004



Universitat Bremen

@
FB 1 — ikom / Kommunikationsnetze I I‘o m



* 1

Physical Random Access Channel (PRACH) is used for
random access in the uplink.

Random access can be performed at defined times
(access slots)

Access Slot:;
— 5120 chips (2xnormal slot),
— 15 access slots exists within 20 ms.

— Availability of Access slots is broadcasted on BCH
« -> flexible, possible to allocate differnt acccess slots to different
service classes
Random Access = Contention Phase + Transmission
Phase
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Contention Phase:

— mobiles access the channel using Slotted Aloha technique: send a
code sequence (preamble).
— 16 preamble codes (each 4096) chips are available per Access Slot
— Power ramping:
 if no answer, mobile retransmits preamble in a new access slot with
increased power, repeated until pos. ack. or max. number of attempts

Transmission Phase

— After positive Contention Phase (acknowledgement of preamble)
mobile transmits its random access message that may be 10 or 20
ms long (with delay of three or four time slots)

— Minimum spreading factor 32 -> 80 bits/burst

— |-branch used for message bits

— Q-branch used for control information (pilot bits etc.) with spreading
factor 256
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« UE needs to identify the downlink scrambling code

1. Synchronise to the time slots of the cell. Therefore UE listens to
Primary Synchronisation Channel (P-SCH) using the primary
synchronisation code (PSC).

« PSCis same in all cells and 256 chips long
 Matched filter can be used, produces a series of impulses due to
autocorrelation properties

2. Secondaray Synchronisation Channel (SSC) is used to identify the
code group

 Evaluation of three successive 256 chip blocks is sufficient to detct
the position within the frame and to identify group code used

3. Terminal then compares all possible code sequences of a group with
the primary code used by the CPICH

«  Only 8 primary codes are defined per code group, therefore fast
identification possible

@ P-CCPCH transmitting system and cell-specific information can be
read
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e Same transport channel exist for TDD and FDD (with few exceptions)
* Physical layer protocol stack shows differences:

— In TDD physical channel is defined by spreading coe, frequency
channel and time slot within time frame. Physical channel can
occupy a time slot in each time frame or only in a subset of all
frames.

* Physical Channels:

— Dedicated Physical Channel (DPCH)
 UL/DL, for user and control data

— Common Control Physical Channel (CCPCH)
 Broadcast services in cell on downlink

» Divided into primary (BCH, Cell info) and secondary (FACH, PCH i.e.
Power Control & Paging)
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— Physical Random Access Channel (PRACH)
UL only
« Carries out random access

— Physical Uplink Shared Channel (PUSCH)

e user and control data

— Physical Downlink Shared Channel (PDSCH)

— Paging Indication Channel (PICH)

« Carries out paging,

» can replace ono or more subchannels for paging on S-CCPH
— Physical Node B Synchronisation Channel
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Length of Burst = length of a time slot
Each burst has four fields:
— 2 data fields,

— ,midample sequence” — training sequence used for channel assessment
and support of joint detection at the receiver

— ,guard period“ — accounting for different runtime of different UEs
Burst Type 1:

— long midample, short guard period

— Used in UL and DL

— Max. 16 burst type 1 may be used simultaneously in one time slot and
transmission direction (depending on spreading code)

Burst Type 2
— Shorter midample, longer data fields

- Usec!ti)ln DL because perfect synchronisation, therefore shorter midample
possible

— Used in UL, if less than four bursts per slot are transmitted simultaneously
Burst Type 3
— Longer guard period for random access and handover
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Physical Channel

DPCH, PUSCH, X X X (only UL)
PDCH

P-CCPCH X

S-CCPCH X X

PRACH X

PICH, SCH use diferent time and burst structures
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Transport Blocks are transmitted over transport

channels: trans

nort blocks pass a chain of security

and matching functions, e.g. channel coding,

Interleaving and

puncturing

Data blocks that are subject of same coding
Interleaving and matching can be multiplexed to

CCTrCH

CCTrCH is mapped through segmentation to one
or several physical channels

Physical channel therefore can transmit the

signalling and u
channels simult
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12.2 kbit/s voice transmission

In MAC two logical channels Dedicated Traffic
Channel (DTCH) and Dedicated Control Channel
(DCCH) are mapped into two Dedicated Channels
(DCH). Mapping defines transport blocks with
244bit user data every 20 ms over transport
channel 1 and 100 bits every 40 ms over second
transport channel

Channel coding and rate matching for both are
same -> can be multiplexed into one CCTrCH

No multicode or multislot is required, one
dedicated physical channel
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