

CHAPTER 1
INTRODUCTION

      1.1 Motivation


Wireless communication  systems[1] have witnessed rapid deployment in the past few years.  The current avatar,  the Third-Generation (3G)  wireless technologies provide the  consumer  various  services – wireless e-mail,  web,  digital  picture  transfer  and assisted-GPS  location applications.

3G Wideband  CDMA (3G W-CDMA), the third generation  cellular standard, is based on direct sequence (DS) code division multiple access (CDMA),  wherein each of the  users uses the  entire  bandwidth  allotted  to him,  but  different  users employ different spreading  sequences.  For the downlink transmission,  each of the spreading code used is orthogonal  with  every other  code, so  that  any user’s signal does not interfere with  the other  users’ signals.  

The  primary  traffic on  present  day cellular networks is voice and messages, so that  the forward link or downlink (base-to-mobile) and the  reverse link or uplink (mobile-to-base)  carry  similar traffic.  With  advanced features  such as web browsing and  online gaming being introduced  in present-day mobiles, the  downlink traffic is expected  to increase significantly.  The  downlink is therefore  expected  to be the  bottleneck  in traditional cellular architectures, which currently  allocate equal bandwidth  resources to both  the uplink and downlink. This has led to extensive research effort dedicated  towards improving the efficiency of such downlink transmission  within  the  constraints  of available  bandwidth  and  transmit power.

HSDPA,  High Speed  Downlink  Packet Access,  aims  to  improve  the  downlink capacity of Wideband CDMA. It introduces a new transport channel type, High Speed Downlink Shared  Channel (HS-DSCH),  that  takes into account bursty  packet  data. This new transport channel is shared by several users leading to better  utilization  of available resources. The rate of transmission  varies depending on the radio conditions allowing higher transmission  rates  when the  user is experiencing  lower interference and noise and low transmission  rate  during bad channel conditions.  Therefore,  the method  of sharing  among the different  users and selecting the rate  of transmission
has significant impact  on the  efficiency of the overall system.  

This report  examines a scheduling policy for a single user that changes the rate of  transmission  based on the information  received from the user about  the channel conditions.   This  report  presents  a theoretical  model for analysing  the  scheduling policy.	The  theoretical  bounds  of  achievable  throughput for the single path  and multi-path channels are computed.   The simulation  results  achieved using a RAKE receiver are compared with the theoretical estimates.




















CHAPTER 2
PRELIMINARIES
This chapter  presents some of the basic concepts of the HSDPA feature of the Wide- band  CDMA standard. The HSDPA radio interface and the sub-frame structure for the HS-PDSCH physical channel are also discussed.


2.1 High Speed Downlink Packet Access (HSDPA)

W-CDMA (Wideband  Code-Division Multiple Access), a third-generation (3G) stan- dard  derived  from CDMA, is capable  of supporting  mobile/portable voice, images, data,  and  video  communications at  up to 2 Mbps (local area  access) or 384 Kbps (wide area access).  HSDPA, High  Speed Downlink Packet  Access, standardized as part of 3GPP  [16] Release 5 W-CDMA specifications, extends  the 3G capabilities  of W-CDMA. It allows peak data  rate  of 14 Mbps and increased capacity.
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Figure 2.1: Improvements  in HSDPA Courtesy  Nokia HSDPA whitepaper[17]


The improvements in performance are achieved by:

• bringing some key functions, such as scheduling of data  packet transmission and processing of retransmissions  (in case of transmission  errors) into the base station - that is, closer to the air interface
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Figure 2.2: Channel  Sharing in HSDSCH Courtesy  Nokia HSDPA whitepaper[17]

• using a short  frame length to further  accelerate packet  scheduling for transmission
• employing incremental  redundancy  for minimizing the air-interface  load caused by retransmissions
• adopting  a new transport channel type, known as High Speed Downlink Shared Channel (HS-DSCH) to facilitate  air interface channel sharing between several users
• adapting  the modulation  scheme and coding according to the quality  of the radio link.


2.2 High Speed Downlink Shared Channel (HS-DSCH)



The W-CDMA  system normally carries user data  over dedicated  transport chan- nels,  or DCHs,  which  brings  maximum  system  performance  with  continuous  user data.   The  DCHs are code  multiplexed  onto  one RF  carrier.   HSDPA introduces  a new transport channel type, High Speed Downlink Shared Channel (HS-DSCH) that  takes into account bursty  packet data.  Several users can be time multiplexed so that  during  silent periods, the resources are available  to other  users.  Figure 2.2 shows a simplified explanation  of the principle of sharing a common transport channel.
This new transport channel shares multiple access codes, transmission  power and use of  infrastructure hardware  between several users.for efficient  radio resource uti-
lization.  In addition,  it employs 2 ms sub-frames instead  of the  10 ms frames used
by DCH. This allows:








• adaptation  to fast variations  in radio  conditions

- faster radio-dependent scheduling on per sub-frame basis

- data  rate  adaptation for each sub-frame based on feedback from receiver

- reduced round trip  time leading to faster retransmissions.

• dynamically shared radio  resources  leading to

- efficient code utilization

- efficient power utilization.

2.3  The HSDPA Protocol

The HSDPA protocol is composed of three layers as shown in Figure 2.3 . The physical layer offers data  transport services to higher layers.  The access to these services is through  the use of transport channels via the MAC sub-layer.
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Figure 2.3: Radio interface protocol architecture around  the physical layer [12]



2.4  The Transport Channels

Transport channels are services offered by Layer 1 to the higher layers.  A transport channel is defined by how and with what characteristics  data  is transferred  over the air interface.  A general classification of transport channels is into two groups

• Dedicated  channels, using inherent addressing of UE


• Common channels, using explicit addressing  of UE if addressing is needed.








Table  2.1 gives a description  of the  Wideband  CDMA  Transport  Channels. 	The channels can be transmitted over the entire cell or over only a part  of the cell using e.g.   beam-forming  antennas except the  BCH, PCH  and FACH  channels which are always transmitted and the RACH channel  which is always received over the entire cell.


	Channel
	Type
	Direction

	DCH 	Dedicated  Channel BCH	Broadcast  Channel FACH	Forward  Access Channel PCH 	Paging Channel
RACH 	Random Access Channel CPCH	Common Packet  Channel DSCH	Downlink Shared Channel HS-DSCH	High Speed DSCH
	Dedicated Common Common Common Common Common Common Common
	Downlink/Uplink Downlink Downlink Downlink
Uplink Uplink Downlink Downlink




Table  2.1: Wideband  CDMA Transport Channels[13]






2.5 Physical Channels and  Physical Signals

Physical channels are defined by a specific carrier  frequency, scrambling code, chan- nelization code  (optional),  time start  & stop (giving a duration)  .  Scrambling  and channelization  codes are specified  in [15]. Time durations  are defined by start  and stop instants, measured in integer multiples  of chips.  Suitable  multiples  of chips also used are:

Slot : A slot is a duration which consists of fields containing bits.  The length of a slot  corresponds to 2560 chips.
Radio frame:A radio frame, or simply ‘frame’ is a processing duration  which con- sists of 15 slots.  The length of a radio frame corresponds to 38400 chips.
Sub-frame:A sub-frame  is the basic time interval  for HS-DSCH transmission  and HS-DSCH-related  signaling at  the physical layer.  The length  of a sub-frame corresponds to 3 slots (7680 chips).

There are two modes of operation


FDD: Frequency  Division Duplex method  whereby uplink and downlink transmis- sions use two separated  radio frequencies. This report examines the FDD mode of operation  only.
TDD: Time Division Duplex method  whereby uplink and  downlink transmissions are carried over same radio frequency by using synchronized time intervals.

A detailed discussion of the physical channels can be found in [12], [13], [14], [15].

2.6 High Speed Physical Downlink Shared Channel (HS-PDSCH)


The HS- PDSCH  is used to carry  the  High Speed Downlink Shared  Channel  (HS- DSCH).
A HS-PDSCH  corresponds to one channelization  code of fixed spreading  factor SF = 16 from  the set of channelization  codes reserved for HS-DSCH transmission.  Multi-code transmission  is  allowed, which translates  to UE being assigned multiple channelization  codes in the  same  HS-PDSCH sub-frame,  depending  on its  UE ca- pability.   Figure  2.4 shows the slot and sub-frame  structure of the HS-PDSCH.  An HS-PDSCH may use QPSK or 16QAM modulation  symbols. In Figure 2.4, M is the number of bits per modulation symbols i.e. M = 2 for QPSK and M = 4 for 16QAM.
The data  rate  of HS-PDSCH  sub-frames  is adapted  based  on the information about  channel conditions received from the users.


2.7 High Speed Dedicated Physical Control Channel


The  HS-DPCCH  carries  uplink  feedback  signaling  related  to  downlink  HS-DSCH transmission.  The HS-DSCH-related feedback signalling consists of Hybrid-ARQ Ac- knowledgement (HARQ-ACK) and Channel-Quality Indication (CQI) [14]. Figure 2.5 illustrates  the  frame structure of the HS-DPCCH.  .  Each sub-frame  of length  2 ms (3*2560 chips) consists of 3 slots, each of length 2560 chips. The HARQ-ACK is car- ried in the first slot of the HS-DPCCH sub-frame.  The CQI is carried in the second and third  slot of a HS-DPCCH sub-frame.


2.8 High Speed Shared Control Channel (HS-SCCH)


The HS-SCCH is a fixed rate  (60 kbps, SF=128)  downlink physical channel used to carry  downlink  signalling related  to HS-DSCH transmission.   Figure  2.6 illustrates the sub-frame structure of the HS-SCCH.
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Figure 2.4: Sub-frame Structure of the HS-PDSCH [14]
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Figure 2.5: Sub-frame Structure of the HS-PDCCH  [14]
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Figure 2.6: Sub-frame Structure of the HS-PSCCH [14]


2.9 Timing and Feedback Delay                                   


The timing  offset between the HS-PSCCH, the HS-PDSCH and the HS-DPCCH  is shown in Figure 2.7. The HS-PDSCH sub-frame starts  2 slots after the corresponding HS-SCCH sub-frame.   The  User  equipment  measures  SNR information  during  the incoming HS-PDSCH  which is transmitted as  part  of the  CQI  in the  HS-DPCCH by the UE. This information  is then  used to make a decision  about  the rate  of the next HSPDSCH sub-frame.  The HS-PSCCH  carries the rate  information  of the HS- PDSCH  sub-frame.
The minimum  possible delay  in feedback is 3 sub-frames  as illustrated  in the
Figure 2.7.
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Figure 2.7: Feed back delay in HS-PDSCH











CHAPTER 3
STRUCTURE OF HS-SCCH 

The HS-SCCH also is built on a 3 TS-per-frame structure. The information in an HS-SCCH frame is split into 2 parts. Part 1 is transmitted entirely in the first slot, and part 2 in the subsequent 2 slots.

[image: http://www.m-indya.com/images/hsdpa5.JPG]



A more detailed picture is given in 3GPP 25.212 v5.5.0:
[image: http://www.m-indya.com/images/hsdpa6.JPG]

The notation in this diagram is:
	xccs
	7 bit channelisation code set info

	xms
	1bit modulation scheme

	xtbs
	6bit transport block size info

	xhp
	3bit HARQ process info

	xrv
	3bit redundancy version info

	xnd
	1bit new data indicator

	X1
	8bits input to rate 1/3 convolutional coder

	Z1
	48 bits output (including bits for trellis termination)

	R1
	40 bits after puncturing


xccs 7 bit channelisation code set info	
xms 1bit modulation scheme
xtbs 6bit transport block size info	
xhap 3bit HARQ process info	
xrv 3bit redundancy version info	
xnd 1bit new data indicator	
X1 8bits input to rate 1/3 convolutional coder	
Z1 48 bits output (including bits for trellis termination)	
R1 40 bits after puncturing
The 16 bit UE Id (H-RNTI) is used to produce 40 masking bits as follows: rate 1 convolutionally encode (producing 48 bits), then puncture 8 bits. These 40 bits are then x-or'd with the 40 R1 bits.
The CRC is computed from the concatenation of the 8 bits of part 1 and the 13 bits of part 2. It is then masked with the 16 bit UE ID before concatenation with the 13 bits of part 2.
The physical channel supporting the HS-SCCH is a fixed SF (=128) channel containing just data bits (i.e. no pilot, TFCI, TPC etc). Several such HS-SCCHs may exist in a cell. If the UE has not detected an HS-SCCH destined for it in the previous sub frame, it must monitor all HS-SCCHs, since a message destined for it may appear on any of them in principle. If the UE did receive a message destined for it in the previous sub frame, it need only look at the HS-SCCH on which this message was received since the network will continue to use this one while there is HS-DSCH data in the process of transmission.
Part 1 of the HS-SCCH will be scrambled by a UE-specific (i.e. based on the UE id) scrambling code. The idea is that the UE can make a preliminary decision about whether a given monitored HS-SCCH frame is for itself by looking at part 1. Only if it passes this test does the UE go ahead and decode part 2. There are therefore two performance parameters of interest here:
Prob. of part 1 detection fail pf.	
If part 1 detection fails, a transmission which is actually for the UE will be missed since the UE rejects it. The higher pf is, the lower is the throughput on the HS-DSCH.
Prob of part 1 false alarm pfa	
This refers to the case where the UE incorrectly decides that a transmission is for it when in fact it is destined for a different UE or where there was no transmission at all.
(Actually, these are 2 distinct cases). The higher pfa is, the higher is the UEs current consumption (since irrelevant frames are passed through to part 2 decoding).

Now, part 1 does not contain a CRC, so some other criterion is required for the UEs decision over whether the frame is correct or not. A couple of alternatives are:
1) Yamamoto-Itoh Algorithm	
We consider a state in the trellis to be high confidence if the difference in the path metrics for paths to that state is greater than a given threshold. As the decoding progresses, if a state is deemed “low confidence”, then the surviving path through is labelled “bad”. Once labelled bad, this path always stays labelled bad. At the end, if the chosen path is bad, the decoding is deemed a failure and conversely.

2) Final Path Metric Difference Algorithm
Similar to YI, but just compare the difference in the path metrics for the paths merging at the last stage. Again, the decoding is good if this difference exceeds a threshold. If the decoding proceeds to part 2, the normal procedures apply, and the CRC is used to determine if the frame was good or not. Thus, even the false alarms will usually be rejected at part 2.




CHAPTER 4
LINK ADAPTATION
The UE reports the current CQI (Channel Quality Indicator) value to the network. A CQI value is effectively a specification of a transport block size for which the UE would be able to receive at a BLER of <= 10%. Along with the transport block size is specified the number of HS-DSCH physical channel codes and the modulation type.
	CQI Value
	TB Size
	No. of HS-PDSCH
	Mod. Scheme
	Ref. Power Adjustment (Delta)

	0
	N/A
	
	
	

	1
	137
	1
	QPSK
	0

	2
	173
	1
	QPSK
	0

	3
	233
	1
	QPSK
	0

	4
	317
	1
	QPSK
	0

	5
	377
	1
	QPSK
	0

	6
	461
	1
	QPSK
	0

	7
	650
	2
	QPSK
	0

	8
	792
	2
	QPSK
	0

	9
	931
	2
	QPSK
	0

	10
	1262
	3
	QPSK
	0

	11
	1483
	3
	QPSK
	0

	12
	1742
	3
	QPSK
	0

	13
	2279
	4
	QPSK
	0

	14
	2583
	4
	QPSK
	0

	15
	3319
	5
	QPSK
	0

	16
	3565
	5
	16-QAM
	0

	17
	4189
	5
	16-QAM
	0

	18
	4664
	5
	16-QAM
	0

	19
	5287
	5
	16-QAM
	0

	20
	5887
	5
	16-QAM
	0

	21
	6554
	5
	16-QAM
	0

	22
	7168
	5
	16-QAM
	0

	23
	7168
	5
	16-QAM
	-1

	24
	7168
	5
	16-QAM
	-2

	25
	7168
	5
	16-QAM
	-3

	26
	7168
	5
	16-QAM
	-4

	27
	7168
	5
	16-QAM
	-5

	28
	7168
	5
	16-QAM
	-6

	29
	7168
	5
	16-QAM
	-7

	30
	7168
	5
	16-QAM
	-8


There are some points to note:
1) This table is valid for UE categories 1-6. The “UE category” is a specification of its HSDPA capability. There are different CQI tables for other UE category values.
2) When the UE is testing, for example, CQI=24, it is asking the question “could I receive a length 7168 transport block tranmsitted with 16-QAM over 5 physical channel codes with a BLER (on first transmission, not including repeats!) <=10% if the transmit power was
PCPICH + Gamma + Delta
where:
PCPICH is the power of the CPICH (primary or secondary depending on where the UE is getting its phase reference from) Gamma is the measurement power offset (signalled from higher layers) Delta is the reference power offset from the table
3) The special value of CQI = 0 means that the UE cannot receive any HS-DSCH transmission within the required criteria.
On the basis of the reported CQI, the network decides the HS-DSCH transport format to use in subsequent transmissions.












CHAPTER 5
CONCLUSION
HSDPA is rapidly becoming a commercial reality in numerous networks around the world. Measurements made in live networks show impressive performance. The trengths of Ericsson’s WCDMA radio network design.
•  Positively influence end-user perception of HSDPA performance; and
• Minimize the need for operators to deploy additional cell carriers in order to support new HSDPA services. Following a strong start, HSDPA will continue to evolve through numerous performance enhancements that will both make HSDPA services more appealing to end users and provide the system capacity that is needed to support rapid HSDPA service uptake.
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