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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

Data block: The data transmitted to one UE on HS-DSCH in one TTI.

Priority class: One flow of data within a HS-DSCH transport channel. One HS-DSCH can transport several priority classes (only one priority class per TTI).

HARQ Process: Peer state machines capable of achieving error correction by retransmission. One process can be used only for one data block at a time.

HARQ Entity: Consists of all the HARQ processes of a UE, controlling all the available soft buffer capacity.

Serving HS-DSCH radio link: The radio link that the HS-PDSCH physical channel(s) allocated to the UE belongs to.

Serving HS-DSCH cell: The cell associated with the UTRAN access point performing transmission and reception of the serving HS-DSCH radio link for a given UE. The serving HS-DSCH cell is always part of the current active set of the UE.

Serving HS-DSCH Node B: A role a Node B may take with respect to a UE having one HS-DSCH allocated. The serving HS-DSCH Node B is the Node B controlling the serving HS-DSCH cell.

HS-SCCH set: a set of HS-SCCH which is used for HS-PDSCH allocation. There is a maximum of four HS-SCCHs in a given HS-SCCH set. There can be multiple HS-SCCH sets in one cell. HS-SCCH sets are independent, i.e. they can overlap or have no intersection.

Serving HS-SCCH set: the HS-SCCH set being used by a given UE for HS-PDSCH allocations.

MAC-d flow: a MAC-d flow is a flow of MAC-d PDUs which belong to logical channels which are MAC-d multiplexed using the same C/T field.

3.2
Abbreviations

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

16QAM
16 Quadrature Amplitude Modulation

CCTrCH
Coded Composite Transport Channel

CQI
Channel Quality Indicator

HARQ
Hybrid Automatic Repeat request

HSDPA
High Speed Downlink Packet Access

HS-DSCH
High Speed Downlink Shared Channel

HS-PDSCH
High Speed Physical Downlink Shared Channel

HS-SCCH
Shared Control Channel for HS-DSCH

HS-SICH
Shared Information Channel for HS-DSCH

MCS
Modulation and Coding scheme

NW
Network

QPSK
Quadrature Phase Shift Keying

TFCI
Transport Format Combination Indicator 

TFRC
Transport Format Resource Combination

TFRI
Transport Format and Resource Indicator

TPC
Transmit Power Control

TSN
Transmission Sequence Number
UE
User Equipment
4
Background and Introduction

High Speed Downlink Packet Access is based on techniques such as adaptive modulation and hybrid ARQ to achieve high throughput, reduce delay and achieve high peak rates.

It relies on a new type of transport channel, the HS-DSCH, which is terminated in the Node B.

5
Basic structure of HS-DSCH

5.1
Protocol structure

The HSDPA functionality should be able to operate in an environment where certain cells are not updated with HSDPA functionality. The PDCP, RLC and MAC-d layers are unchanged from the Release '99 and Release 4 architecture.

RLC can operate in either AM or UM mode (but not in TM mode due to ciphering).

PDCP can be configured either to perform or not to perform header compression.

MAC-d is retained in the S-RNC. Transport channel type switching is therefore feasible.

The new functionalities of hybrid ARQ and HSDPA scheduling are included in the MAC layer. In the UTRAN these functions are included in a new entity called MAC-hs located in Node B. The transport channel that the HSDPA functionality will use is called HS-DSCH (High Speed Downlink Shared Channel) and is controlled by the MAC-hs.

Two MAC protocol configurations are possible on the UTRAN side:

-
Configuration with MAC-c/sh: In this case, the MAC-hs in Node B is located below MAC-c/sh in CRNC. MAC-c/sh shall provide functions to HSDPA already included for DSCH in the Release '99. The HS-DSCH FP (frame protocol) will handle the data transport from SRNC to CRNC (if the Iur interface is involved) and between CRNC and the Node B.

-
Configuration without MAC-c/sh: In this case, the CRNC does not have any user plane function for the HS-DSCH. MAC-d in SRNC is located directly above MAC-hs in Node B, i.e. in the HS-DSCH user plane the SRNC is directly connected to the Node B, thus bypassing the CRNC.

Both configurations are transparent to both the UE and Node B. Figures 5.1-1 and 5.1-2 show the respective radio interface protocol architecture with termination points for the above two configurations.

The same architecture supports both FDD and TDD modes of operation, though some details of the associated signalling for HS-DSCH are different.
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Figure 5.1-1: Protocol Architecture of HSDPA, Configuration with MAC-c/sh
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Figure 5.1-2: Protocol Architecture of HSDPA, Configuration without MAC-c/sh

5.2
Basic physical structure

5.2.1
HS-DSCH Characteristics

The HS-DSCH transport channel has the following characteristics:

-
An HS-DSCH transport channel is processed and decoded from one CCTrCH;

-
There is only one CCTrCH of HS-DSCH type per UE;

-
The CCTrCH can be mapped to one or several physical channels;

-
There is only one HS-DSCH per CCTrCH;

-
Existence in downlink only;

-
Possibility to use beam forming;

-
Possibility of applying link adaptation techniques other than power control;

-
Possibility to be broadcast in the entire cell;

-
Always associated with a DPCH and one or more shared physical control channels (HS-SCCHs).

As in Release '99 it shall be possible to map certain logical channels to DCH and HS-DSCH simultaneously.

5.2.2
DL HSDPA Physical layer model

5.2.2.1
FDD Downlink Physical layer Model
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Figure 5.2.2.1-1: Model of the UE's Downlink physical layer - HS-PDSCH with associated DPCH. HS-PDSCH is transmitted from cell 1 in this figure

The basic downlink channel configuration consists of an associated DPCH combined with a number of separate shared physical control channels, HS-SCCHs in combination with the HS-PDSCH. What a UE is allocated at a given time is called an HS-SCCH set. The maximum number of HS-SCCHs in an HS-SCCH set is four. The UTRAN may use more than one HS-SCCH set in one given cell.

The UE is provided at HS-PDSCH configuration/re-configuration via RRC signalling with:

-
[a list of HS-SCCH sets. The Serving HS-SCCH set is provided/modified by the Node B to the UE using Node B signalling]; or

-
[one HS-SCCH set].

The HS-PDSCH channelisation codes that are used in a given cell need not be sent to the UE by RRC signalling, since MAC-hs in Node B can signal any set of HS-PDSCH channelisation codes which are allocated to a UE for a given TTI.

A two-step signalling approach is used for indicating which UE has been scheduled and signalling the necessary information for the UE to decode the HS-PDSCH.

It consists of a downlink DPCH and a number of HS-SCCHs. For each HS-DSCH TTI, each Shared Control Channel (HS-SCCH) carries HS-DSCH-related downlink signalling for one UE. The number of HS-SCCHs as seen from the UE's point-of-view can range from a minimum of one HS-SCCH to a maximum of four HS-SCCHs.

The UE has the capability to monitor four HS-SCCHs simultaneously.

The UE identifies the HS-SCCH channel carrying information for it by descrambling the first part of the HS-SCCH by the UE identity. This part contains the channelisation code set and the modulation scheme for the HS-DSCH allocation with the second part containing the transport block size and H-ARQ related information. One CRC is calculated over both parts and attached to the HS-SCCH information.

In case of HS-DSCH transmission to the same UE in consecutive HS-DSCH TTIs, the same HS-SCCH should be used for the corresponding associated downlink signalling.

The upper layer signalling on the DCCH can be mapped to the associated DPCH or the HS-DSCH, as in the case of Release '99.

For each HS-DSCH TTI, each HS-SCCH carries HS-DSCH-related downlink signalling for one UE. The following information is carried on the HS-SCCH:

-
Transport Format and Resource Indicator (TFRI):
The TFRI includes information about the dynamic part of the HS-DSCH transport format, including transport block set size and modulation scheme. The TFRI also includes information about the set of physical channels (channelisation codes) onto which HS-DSCH is mapped in the corresponding HS-DSCH TTI.

-
Hybrid-ARQ-related Information (HARQ information):
This includes the HARQ protocol related information for the corresponding HS-DSCH TTI (subclause 7.1.2.1) and information about the redundancy version.

The HS-SCCH carries a UE identity (via a UE-specific CRC) that identifies the UE for which it is carrying the information necessary for decoding the HS-PDSCH.

[The HS-DSCH carries a UE identity that identifies the UE so that erroneous delivery of MAC-PDUs to MAC-d is avoided.]

There is a fixed time offset between the start of the HS-SCCH information and the start of the corresponding HS-DSCH TTI.

5.2.2.2
TDD Downlink Physical layer model
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Figure 5.2.2.2-1: Model of the UE's physical layer (3.84 Mcps TDD)
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Figure 5.2.2.2-2: Model of the UE's physical layer (1.28 Mcps TDD)

The TDD overall downlink signalling structure is based on associated dedicated physical channels and shared physical control channels. The downlink signalling information for support of HS-DSCH is carried by the HS-SCCH.

As in Release '99, the associated dedicated physical channel can also be a fractionated channel for efficient resource usage with a corresponding repetition period in terms of TTIs. The UE is informed of an HS-DSCH allocation by means of a signalling message on an HS-SCCH. The UE shall be allocated a set of up to four HS-SCCHs, and shall monitor all of these HS-SCCHs continuously. In any given TTI, a maximum of one of these HS-SCCHs may be addressed to the UE. In the case that a UE detects a message for it on a specific HS-SCCH, then it may restrict its monitoring of HS-SCCHs to only that HS-SCCH in the next TTI.

5.2.3
UL HSDPA Physical layer model
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Figure 5.2.3-1: Model of the UE's Uplink physical layer

In FDD, the uplink signalling uses an additional DPCCH with SF=256 that is code multiplexed with the existing dedicated uplink physical channels. The HS-DSCH related uplink signalling consists of H-ARQ acknowledgement and channel quality indicator.
In TDD, the UE shall use a shared uplink resource (the HS-SICH) for transmitting ACK/NACK and CQI information. The relation between the HS-SCCH in DL and the HS-SICH in UL is pre-defined and is not signalled dynamically on the HS-SCCH.

5.2.4
HSDPA physical-layer structure in the code domain

5.2.4.1
FDD

HS-DSCH relies on channelisation codes at a fixed spreading factor, SF=16. A UE may be assigned multiple channelisation codes in the same TTI, depending on its UE capability. Furthermore, multiplexing of multiple UEs in the code domain within a HS-DSCH TTI is allowed.

5.2.4.2
TDD

HS-DSCH relies on one or more channelisation codes with either SF=16 or SF=1, but not both simultaneously. Transmission on one or more timeslots is also allowed. Furthermore, a combination of code multiplexing and time multiplexing by timeslot within a HS-DSCH TTI is allowed, but the same set of channelisation codes must be used in all timeslots allocated to the HS-DSCH. The HS-DSCH TTI is not allowed to straddle the frame (3.84 Mcps TDD) or sub-frame (1.28 Mcps TDD) boundary.
5.3
Transport channel attributes

The following is a list of HS-DSCH transport channel attributes:

1.
Transport block size - dynamic for first transmission. An identical transport block size shall be applied for any retransmissions. There shall be no support for blind transport format detection..

2.
Transport block set size - fixed
3.
Transmission Time Interval (TTI). For FDD the HS-DSCH TTI is fixed and equal to 2ms. The HS-DSCH TTI for 3.84 Mcps TDD is 10 ms. For 1.28 Mcps TDD a fixed 5 ms TTI shall apply.

4.
Coding parameters:

-
Type of error protection: turbo code rate 1/3.

5.
Modulation - dynamic for first transmission and retransmission. There shall be mandatory support for QPSK and 16QAM.

6.
Redundancy version - dynamic.

7.
CRC size - fixed size of 24 bits. There is one CRC per TTI, i.e. one CRC per TB set.

8
Signalling parameters

8.1
Downlink signalling parameters

8.1.1
UE identification

This identifies the UE for which data is transmitted in the corresponding HS-DSCH TTI. The UE identity is implicitly carried on the HS-SCCH through inclusion in the CRC calculation.
8.1.2 HARQ Information
Details of signalling parameters for the HARQ Protocol can be found in subclause 7.1.2. In addition, to support the Incremental Redundancy combining scheme, the Redundancy Version is also signalled on the HS-SCCH.

8.1.3 Transport Format and Resource Indication (TFRI) Parameters
8.1.3.1
Resource Allocation

This defines the contiguous set of channelisation codes used for the HS-PDSCHs. For TDD, the timeslots for which this set of channelisation codes should be received and decoded are also identified. An identical set of channelisation codes is used for each of the identified timeslots.
8.1.3.2
Modulation Format
This defines whether QPSK or 16-QAM modulation is being used for the HS-PDSCHs.

8.1.3.3
Transport Block Size

This defines what transport block size is used in the corresponding HS-DSCH TTI. The signalled parameter is an index to a pre-defined set of available transport block sizes.








8.1.4
Other Parameters

8.1.4.1 Common

8.1.4.1.1
Padding indicator

In order to account for possible limited granularity in the set of available transport block sizes, a padding indicator along with number of padding blocks is indicated in the MAC-hs header.
8.1.4.2
FDD Only

8.1.4.2.1
Measurement feedback rate
This identifies the feedback rate for downlink quality measurement. This information may be sent at a much lower rate than the other parameters described in this subclause.

8.1.4.2.1
HS-PDSCH power offset

Default power offset between HS-DSCH code channel and P-CPICH (or S-CPICH in case beamforming with S-CPICH is used).

8.1.4.3
TDD Only
8.1.4.3.1
HS-SCCH Cyclic Sequence Number (HCSN)

A cyclic counter that is incremented each time a HS-SCCH transmission is sent to a given UE. Separate counters are maintained for each UE. The counter is used by the UE to estimate the BLER on the HS-SCCH for the purposes of closed loop power control.





The following table identifies the downlink signalling parameters.

Table 1: Downlink Signalling Parameters

	Parameter
	Location
	Length in bits

(FDD)
	Length in bits

(3.84 Mcps TDD)
	Length in bits

(1.28 Mcps TDD)

	UE Identifier
	HS-SCCH
	16
	16
	16

	HARQ Parameters
	
	
	
	

	Process Identity
	HS-SCCH
	3
	3
	3

	New Data Indicator
	HS-SCCH
	1
	1
	1

	Redundancy Version
	HS-SCCH
	3
	3
	3

	Priority Class Indicator
	HS-PDSCH
	3
	3
	3

	TSN
	HS-PDSCH
	6
	6
	6

	TFRI Parameters
	
	
	
	

	Resource Allocation
	HS-SCCH
	7
	21
	13

	Modulation Format
	HS-SCCH
	1
	1
	1

	Transport Block Size
	HS-SCCH
	6
	9
	6

	Other Parameters
	
	
	
	

	Padding Block Indicator and TB count 
	HS-PDSCH
	
	
	

	Measurement Feedback Rate
	Upper Layer signalling on set-up
	
	none
	none

	Power Offset
	Upper Layer signalling on set-up
	
	none
	none

	HS-SCCH Cyclic Sequence Number
	HS-SCCH
	none
	3
	3

	
	
	
	
	


8.2
Uplink signalling parameters

8.2.1
ACK/NACK

A one-bit indication is used by the HARQ protocol to indicate a successful/unsuccessful transmission on the HS-DSCH.

8.2.2
Measurement report


Measurement feedback information contains channel quality indicator that may be used to select transport format and resource by HS-DSCH serving Node-B. For FDD, the transmission rate of the measurement report to the network is configured by higher layer signalling. For TDD, a measurement report is associated with each HS-SCCH transmission.
The following table identifies the uplink signalling parameters.

Table 2: Uplink Signalling Parameters

	Parameter
	Channel Location
	Length in bits

(FDD)
	Length in bits

(3.84 Mcps TDD)
	Length in bits

(1.28 Mcps TDD)

	Status Indicator (ACK/NACK)
	DPCCH-HS (FDD)
HS-SICH (TDD)
	1
	1
	1

	Channel Quality Indicator
	DPCCH-HS (FDD)
HS-SICH (TDD)
	5
	10
	7


10
Resource management

For HSDPA, the resources at a cell level shall be:

-
Channelisation codes and timeslots that can be used for the mapping of HS-PDSCH and the HS-SCCH physical channels.

-
Power that can be used for HSDPA, i.e. for HS-DSCHs and HS-SCCHs.

The HSDPA resources are assigned by the CRNC to a NodeB on a cell basis. It is not mandatory for a cell to support HSDPA, and any cell which does support HSDPA need not be assigned HSDPA resources by the CRNC. Whilst the maximum transmit power for HSDPA resources is specified by the CRNC, the actual transmit power is determined by the NodeB within this limit.
[The CRNC configures the NodeB with the list of HS-SCCH that can be used in the cell. The list of HS-SCCH sets are decided by the NodeB.]
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