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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document defines techniques, which enable high-speed downlink packet access. The techniques are applicable to streaming, interactive and background services.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 25.xxx: "x".

3
Definitions, symbols and abbreviations

3.1
Definitions

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

Definition format

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

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

Symbol format

<symbol>
<Explanation>

3.3
Abbreviations

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

Abbreviation format

<ACRONYM>
<Explanation>

4
Basic structure of HS-DSCH

4.1
Protocol structure

 PDCP and RLC layers are kept as in Rel'99 when using HSDPA functionality. This means that RLC can operate in either AM or UM mode (but not in TM mode due to ciphering) and PDCP can be configured either to do header compression or not. Furthermore, transport channel type switching is feasible if the MAC layer has similar functional split in UTRAN as for R'99, i.e. retaining MAC-d in S-RNC.

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

Furthermore, the physical layer will have to be updated with signalling support for hybrid ARQ and HS-DSCH scheduling. Figure 1 shows the radio interface protocol architecture with termination points. MAC-hs in Node B is located below MAC-c/sh in CRNC. Note that 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. The need for involvement of a CRNC in the D-RNC (if the Iur interface is involved) is FFS.

The architecture supports both FDD and TDD modes of operation, though in the case of TDD, some details of the associated signalling for HS-DSCH are different.
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Figure 1: Radio Interface Protocol Architecture of HSDPA

4.2
Basic physical structure

4.2.1
HS-DSCH Characteristics

The HS-DSCH transport channel has the following characteristics:

-
A 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 may be multiple HS-DSCH per CCTrCH. 

-
If there are more than one HS-DSCH transport channels in a HS-DSCH CCTrCH, the transport format combinations are configured in such a way that for any transport format combination, there is a maximum of one transport channel having a transport format with one or more transport blocks. 

-
One HS-DSCH shall support one PDU size.

As in R99 it shall be possible to simultaneously map certain logical channels to DCH and HS-DSCH.

4.2.2
DL HSDPA Physical layer model

4.2.2.1
FDD Downlink Physical layer Model
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Figure 2: Model of the UE's Downlink physical layer - HS-PDSCH with associated DPCH. HS-PDSCH is transmitted from cell 1 in this figure.

NOTE:
In Figure 2 above the model for the DCH is included for completeness and to be consistent with the approach in TS 25.302.

The basic downlink channel configuration consists of a DPCH combined with a separate shared physical control channel in combination with the HS-PDSCH.

It is FFS whether the L1 signalling on the DPCH (i.e. carried by the DPCCH) relates to the HS-PDSCH or not. Two possibilities exist:

-
the two-step approach - a pointer exists which in turn directs the UE to a shared control channel;

-
the one-step approach - the UE monitors only the shared control channel that carries all the necessary HS-DSCH control information.

Both of the above possibilities have been proposed for both FDD and TDD modes.

4.2.2.1.1
One-step signalling approach

A one-step approach results by mapping all the control information related to the HS-PDSCH on the shared control physical channel. The DPCH does not in this case carry any HS-PDSCH information (for example HI). UEs assigned to the HS-PDSCH must therefore monitor the shared control physical channel continuously. The upper layer signalling on the DCCH can be mapped to the associated DPCH or the HS-PDSCH as in the case of R'99 PDSCH.

Another one-step proposal for the downlink signalling configuration consists of a new dedicated physical channel that is operated in a combined time-division and code-division multiplexing fashion and which carries the necessary power control information for the uplink. The information necessary for the UE to read the data on the HS-PDSCH is carried on a shared physical control channel as in the case of the other one-step approach described above (and also the two-step approach described later below). Here as well, UEs assigned to the HS-PDSCH must monitor the shared control physical channel continuously. In this instance, the higher layer signalling on the DCCH is mapped to the HS-PDSCH. The possibility to map the higher layer signalling on the DCCH on to the new physical channel is FFS.

4.2.2.1.2
Two-step signalling approach

The two-step approach to signalling using the pointer technique is described below. 

The model for the associated dedicated physical channel is almost identical to that of a stand-alone DCH. The difference is that a HI (HS-DSCH Indicator) is additionally carried on the DPCH. The DPCH therefore has a slot format different from that used for the DPCH in R'99 and Rel-4.

The HI in turn carries information indicating to the UE to read the HS-DSCH TFCI carried on a separate shared control physical channel, and also to read the HS-PDSCH. The upper layer signalling on the DCCH is mapped to the associated DPCH. The possibility to map the DCCH carrying upper layer signalling to the HS-DSCH, as in the case of R'99 PDSCH, remains.

The timing offsets between the various channels in the two-step approach are FFS.

NOTE:
Several UEs can simultaneously get addressed using independent HIs to read TFCIHSDSCH. This envisages the use of multiple shared control physical channels; the specific shared control channel assigned to the UE is identified on the associated dedicated control channel. Other methods which allow for a single shared control channel carrying multiple records for individual UEs all simultaneously addressed on the respective associated dedicated physical channel are also possible.

In summary there are four possibilities for configuring the downlink physical channels to provide the necessary signalling support. These are indicated in the table below. The four cases are distinguished based on the mapping of the DCCH carrying higher layer signalling and the structure of the physical channel(s). All configurations rely on a shared control physical channel - the differences relate to what the shared control channel carries in each configuration and what if any information is carried by a dedicated physical channel when associated with the HS-PDSCH.

NOTE:
Cases 3 and 4 are FFS.

Table 1: Possibilities for downlink signalling


DL Physical Channel
DCCH mapping onto DPCH
New Requirements for HSDPA

1
DPCH
DPDCH has a DCH for DCCH
Requires new slot formats

2
DPCH
DPDCH has no DCH for DCCH, DCCH mapped to HS-PDSCH.
Requires new slot formats

3
DPCH/N
DPDCH has no DCH for DCCH, DCCH mapped to HS-PDSCH.

Sub-rate TDM multiplexed DPCH
Requires new physical channel

(CDM + TDM channel)

Minimises downlink code usage

4
DPCH/N
DPDCH has DCH for DCCH,

Sub-rate TDM multiplexed DPCH
Requires new physical channel

(CDM + TDM channel)

Minimises downlink code usage

4.2.2.2
TDD Downlink Physical layer model
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Figure 3: Model of the UE's physical layer (TDD)

The HS-DSCH indicator (HI) on the associated dedicated control channel provides information to the UE about the need to read the HS-FACH. There may be multiple shared control channels in which case the HI also indicates which of the HS-FACH the UE is to read. The downlink signalling information for support of HS-DSCH is carried by a HS-FACH transport channel. HS-FACH is different from release 99 FACH due to the fact that its starting point is in Node B and not in CRNC. HS-FACH does not support any logical channels. HS-FACH is not multiplexed with other transport channels.

It is FFS which physical channel HS-FACH is mapped onto. It is FFS whether TFCI is needed on the physical channel carrying HS-FACH or not.

4.2.3
UL HSDPA Physical layer model
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Figure 4: Model of the UE's Uplink physical layer

The HS-DSCH information that is needed in the uplink is higher layer information from the H-ARQ entity in the MAC -hs and possible measurements for MCS selection and scheduling. This information is carried on the HICH (HS-DSCH Information CHannel).

For FDD the control channel for HSDPA on the uplink shall use the R'99 DPCCH structure with a SF=256. Since there are no bits left on the current R'99 DPCCH for the new information required and there is a need for backwards compatibility with R'99 and REL-4 Node Bs, the HS-DSCH related control information shall be carried on a new DPCCH (DPCCH-2) code-multiplexed with the DPCCH, currently defined in the specifications, and the DPDCH.

In TDD it is FFS which physical channel is used for HICH. 

4.2.4
HSDPA physical-layer structure in the code domain

In the code domain,it HSDPA transmission shall support a fixed spreading factor and multi-code transmission witha SF=16. Furthermore, the support of code multiplexing of UEs, as in the case of R'99 DSCH, shall remain.

4.2.5
HSDPA physical-layer structure in the time domain

4.2.5.1 
FDD

In the time domain, HSDPA TTI shorter than one radio frame (10 ms) shall be supported.  The length of such shorter HSDPA TTI should be selected from the set {Tslot, 3(Tslot } where Tslot is equal to 0.67 ms. Support for dynamic TTI and TTI lengths to be used in that case are FFS. Mandatory support for 10 ms TTI as well is FFS.  

4.2.5.2 
TDD

For 1.28 Mcps TDD 5 ms TTI shall be supported. For 3.84 Mcps TDD TTI lengths are FFS.

4.3
Transport channel structure

The HS-DSCH transport channel is characterised by the following:

-
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, S-CCPCH, new to-be-defined (FFS) physical channels (TDD) or standalone. The approaches to be adopted are FFS.

The following is a list of transport channel attributes:

1.
Transport block size - semi-static 

2.
Transport block set size - dynamic for 1st transmission.Restriction for retransmission is for further study. It is FFS if there is a direct correlation between the TB set size, and MCS and number of code channels. There shall be no support for blind transport format detection.


NOTE: Depending on the granularity of the TB set size (FFS in RAN WG1) a dummy MAC-hs PDU may need to be supported with a corresponding  indication in the header.

3.
Transmission Time Interval (TTI).  Semi-static TTI shall be supported. The choice of one fixed, two semi-static or multiple semi-static values is FFS. Dynamic TTI is FFS.

4.
Coding parameters

a.
Type of error protection - fixed turbo coding (turbo code block size of 5114 bits)

b.
Coding rate - dynamic for 1st transmission. Restriction for retransmission is FFS.

c.
Rate matching parameters - FFS.

5. Modulation - dynamic for 1st transmission. Restriction for retransmission is FFS. There shall be mandatory support for QPSK and 16 QAM. It is FFS whether 8PSK or 64QAM has to be supported.

6. Redundancy version - dynamic (Use is dependent on HARQ combining scheme)

7.
CRC size - semi-static. There is one CRC per TTI, i.e. one CRC per TB set.

4.4
Basic HARQ structure 

The HARQ protocol is based on an asynchronous downlink and synchronous uplink scheme. 

Details of the HARQ protocol are FFS.

5 
MAC Architecture

5.1
HSDPA MAC architecture– UE side

This section describes the architecture of the MAC and functional split required to support HSDPA on the UE side.

5.1.1
Overall architecture

Figure 4 shows the overall MAC architecture where the newly defined MAC-hs has been added to the R'99 model. In case of HSDPA the data received on HS-DSCH is mapped to the MAC-c/sh. The MAC-hs is configured via the MAC Control SAP by RRC similar to the MAC-c/sh and MAC-d, to set the parameters in the MAC-hs like allowed transport format combinations for the HS-DSCH and so on.

The associated Downlink Signalling carries information for support of HS-DSCH while the associated Uplink Signalling carries feedback information.
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Figure 6: UE side MAC architecture with HSDPA

NOTE:
The support of more than one HS-DSCH per UE is FFS.

5.1.2
Details of MAC-c/sh

The MAC-c/sh on the UE side retains its functionality as defined in R'99 with minor additions HSDPA.

NOTE:
Newly defined parts are shown distinguished from R'99 architecture in red.
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Figure 7: UE side MAC architecture / MAC-c/sh details

NOTE:
The need for evaluation of the UE-Id within MAC-c/sh for HS-DSCH is FFS. The current working assumption is that there is sufficient reliability on the downlink signalling for the scheduling and thus the UE-Id is not required additionally on the HS-DSCH and its presence on the associated signalling channel is sufficient.
5.1.3
Details of MAC-hs

The MAC-hs handles the HSDPA specific functions. In the model below the MAC-hs comprises the following entity:

-
HARQ: 
The HARQ entity is responsible for handling the HARQ protocol.There shall be one HARQ process per HS-DSCH. It is for example responsible for generating ACKs and/or NACKs. It should be noted that the HARQ functional entity handles all the tasks that are required for hybrid ARQ. The detailed configuration of the hybrid ARQ protocol is provided by RRC over the MAC-Control SAP.
The details of the HARQ protocol are FFS.
NOTE:
It is FFS whether a separate functional entity within MAC-hs needs to be added in order to model the handling of measurement results provided by physical layer, management of uplink resources (in case of TDD), etc., or whether these functions are described within HARQ functional entity.


[image: image8.wmf]MAC-hs

MAC – Control

Associated Uplink Signalling

To MAC-c/sh

Associated Downlink Signalling

HS-DSCH

HS-DSCH

HARQ


Figure 8: UE side MAC architecture / MAC-hs details

5.2
HSDPA MAC architecture – UTRAN side

This section describes the changes that are required to the MAC model to support the features for HSDPA on the UTRAN side

5.2.1
Overall architecture

One new MAC functional entity, the MAC-hs, is added to the R'99 MAC architecture. The MAC-hs is located in the Node B. If one or more HS-DSCHs are in operation the MAC-hs SDUs to be transmitted are transferred from MAC-c/sh to the MAC-hs via the Iub interface. Details of the impacts on the Iub interface are FFS. 
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Figure 9: UTRAN side overall MAC architecture

5.2.2
Details of MAC-c/sh

Also on the UTRAN side the additions to the MAC-c/sh functional part are rather limited. The data for the HSDPA are also subject to flow control between the serving and the drift RNC. The impacts on the Iur are FFS.

A new flow control function is included to support the data transfer between MAC-d and MAC-hs. Details of this function are FFS.
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Figure 10: UTRAN side MAC architecture / MAC-c/sh details

NOTE:
The need for insertion of the UE Id within MAC-c/sh for the HS-DSCH is FFS. The current working assumption is that there is sufficient reliability on the downlink signalling for the scheduling and thus the UE-Id is not required additionally on the HS-DSCH and its presence on the associated signalling channel is sufficient

5.2.3
Details of MAC-hs

The MAC-hs is responsible for handling the data transmitted on the HS-DSCH. Furthermore it is its responsibility to manage the physical resources allocated to HSDPA. MAC-hs receives configuration parameters from the RRC layer via the MAC-Control SAP. There shall be per MAC-d PDU priority handling in the MAC-hs.The MAC-hs is comprised of four different functional entities:

-
Flow Control: 
This is the companion flow control function to the flow control in the MAC-c/sh. Both entities together provide a controlled data flow between the MAC-c/sh and the MAC-hs taking the transmission capabilities of the air interface into account in a dynamic manner.

-
HARQ: 
One HARQ entity handles the hybrid ARQ functionality for one user. One HARQ entity is capable of supporting multiple instances(process) of stop and wait HARQ protocols. There shall be one HARQ process per HS-DSCH. Based on restrictions on the TFCS of the HS-DSCH CCTrCH, HARQ processes shall not operate in a simultaneous fashion in the transmitter. Details of the HARQ functionality require further study.

-
Scheduling/Priority Handling


Due to the restrictions in the physical layer combining process, it is not permitted to schedule new transmissions, including retransmissions originating in the RLC layer, within the same TTI, along with retransmissions originating from the HARQ layer.

-
TFC selection: 
Selection of an appropriate transport format combination for the data to be transmitted on HS-DSCH.

NOTE:
It is FFS whether a separate functional entity within MAC-hs needs to be added in order to model the handling of feedback information, MCS selection, allocation of uplink resources (in case of TDD), provisioning of flow control information, etc., or whether these functions are described within the above-mentioned functional entities.
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Figure 11: UTRAN side MAC architecture / MAC-hs details

Annex A (informative):
Change history

Change history

Date
TSG #
TSG Doc.
CR
Rev
Subject/Comment
Old
New














































_1048011009.doc


MAC-d







DCH







DCH







DSCH







DTCH







DTCH







DCCH







SHCCH



      TDD only







RACH







FACH







PCCH







USCH



TDD only







MAC-c/sh







MAC Control







Iur or local







  MAC Control







MAC-hs







DSCH







CPCH



FDD only







CCCH







CTCH







BCCH







FACH







PCH







USCH



TDD only







Iub







MAC Control







Associated Downlink Signalling







Associated Uplink Signalling







HS-DSCH







HS-DSCH
















_1053175949.doc










MAC-c/sh























Uu







RLC











PHY







MAC







PHY











Iur







Iub







HS-DSCH FP







HS-DSCH FP











L1







L2







HS- DSCH FP











L1







L2







MAC-hs 







L1







L2































RLC







MAC-D







HS- DSCH FP











L1







L2
































_1055860739.doc






































































































































































































.....



















DCH







.....











HS-DSCH







DPCH TFCI & HI 







Decoding







HS-FACH 











Phy CH







Phy CH







Cell 1











Decoding and



Demultiplexing







DCH







MUX







Data Streams







Physical Channel







CCTrCH)







(







Transport Channel







Coded Composite























Phy CH



























Cell 1



























Decoding











MUX







Phy CH







Phy CH







.....







Data Streams







Physical Channel







CCTrCH)







(







Transport Channel







Coded Composite












_1056959001.doc










FACH











UL: TF selection















MAC – Control











ASC selection (2)



















Scheduling /Priority handling is applicable for CPCH



In case of CPCH, ASC selection may be applicable for AP preamble. 











       







CCCH















CPCH ( FDD only )







DSCH







Scheduling/Priority Handling (1)







MAC-c/sh







DSCH







BCCH







USCH



TDD only































add/read



   UE Id







PCH







TCTF MUX











FACH  







to MAC –d











To MAC-hs















RACH







SHCCH (TDD only)







PCCH







USCH



TDD only







TFC selection















ASC selection











CTCH












_1053350549.doc






















































































































































































































DCH







.....















FDD



TPC & TFCI



















Phy CH







Phy CH











multiplexing







Coding and







DCH







Demultiplexing/Splitting







Data Streams







Physical Channel







CCTrCH)







(







Transport Channel







Coded Composite



























HICH 



(HS-DSCH info channel)







TDD



TPC & TFCI







































Phy CH



























.....




































_1048046360.doc


UE	User Equipment



UL	Uplink















PCH







USCH �TDD only







PCCH















MAC – Control











DSCH



















DL	Downlink



TF	Transport Format



TFC	Transport Format Combination



















DL: code



allocation















CCCH







DSCH







Flow Control �MAC-c/sh / MAC-d 







MAC-c/sh











to MAC –d



























USCH �TDD only















to MAC –hs











Scheduling / Priority Handling/ Demux







TCTF MUX / UE Id MUX







FACH 







BCCH







SHCCH�(TDD only)















RACH







 TFC selection











FACH







 TFC selection











Flow Control �MAC-d / MAC-hs 















CPCH



(FDD only )











CTCH












_1048012678.doc










HARQ







HARQ















HS-DSCH











Scheduling/Priority Handling











Flow Control 



MAC-hs / MAC-c/sh











































MAC-hs



























Associated Downlink Signalling











MAC – Control























 TFC selection







































HS-DSCH







Associated Uplink Signalling























to MAC-c/sh












_1048003964.doc


































Associated Uplink Signalling























































HS-DSCH











HS-DSCH







MAC – Control























































HARQ



















To MAC-c/sh







Associated Downlink Signalling 



















MAC-hs



















_1047110271.doc












































HS-DSCH
































































MAC HS-DSCH














MAC – Control














HS-DSCH
































































HARQ

















































RR handler


























_1047184317.doc












































HS-DSCH
































































MAC-hs














MAC – Control














HS-DSCH
































































HARQ

















































RR handler



























_1048010640.doc


DCH







DCH







DSCH







DTCH







DTCH







DCCH







CTCH







RACH







FACH







MAC-d







MAC-hs







DSCH







MAC-c/sh







MAC Control







USCH 



( TDD only )







PCH







CPCH 



( FDD only )







BCCH







CCCH







SHCCH



( TDD only )







PCCH







FACH







USCH 



( TDD only )







HS-DSCH







MAC Control







HS-DSCH







Associated Uplink Signalling







Associated Downlink Signalling












_1047852909.doc






































































































































































































.....











model







DCH







DCH







.....











HS-DSCH







TPC stream 1



TFCI 1



HI







Phy CH







Phy CH







Cell n







Phy CH







Phy CH







Cell 1







demultiplexing







Decoding and







DCH







MUX







Data Streams







Physical Channel







CCTrCH)







(







Transport Channel







Coded Composite











.....







TPC stream n



TFCI n











.....







TFCIHSDPA











model







HS-DSCH











Cell 1























Phy CH







Decoding











MUX







Phy CH







Phy CH







.....







Data Streams







Physical Channel







CCTrCH)







(







Transport Channel







Coded Composite












