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1 Introduction

In this document, the downlink physical-layer control signaling associated with HS-DSCH transmission is discussed. At previous RAN1 meetings, the use of one or several Shared Control Channels for the associated control signaling has been discussed and the current proposal is in line with this. More than one Shared Control Channel is needed if several users are to receive HS-DSCH data during the same TTI (code multiplexing).

2
Signalling information

The following information is necessary for the operation of the HS-DSCH:

· Transport Format Information (“TFI”) 
The HS-DSCH transport format includes the modulation and coding scheme used for HS-DSCH transmission including rate-matching parameters, the channelization codes on to which HS-DSCH is mapped, redundancy version, and the power-level used for HS-DSCH (may not need to be explicitly transmitted). Note that the redundancy version can be seen as part of the modulation/coding-scheme (different retransmissions consists of different coded bits, i.e. different “coding schemes”). It is assumed that the TFI consists of approximately X information bits

· User identity information (UE ID)
The UE ID indicates which user the Shared Control Channel is intended for. It is assumed that the UE ID consists of 16 information bits

· HARQ information
The HARQ information indicates the block number of the transmitted HS-DSCH TTI. It is assumed that the HARQ information consists of approximately 5 information bits

The following is required from the associated control signaling:

· The time between the start of the associated control signaling and the HS-DSCH transmission should be as short as possible. This will improve the performance of scheduling and link adaptation. It will also reduce the minimum achievable Hybrid ARQ round-trip delay and thus the overall HS-DSCH delay (=improved quality). 

· Knowing the codes to which HS-DSCH is mapped prior to de-spreading of the HS-PDSCH is an advantage for the UE. This means that the TFI should be possible to decode before the start of the HS-DSCH TTI. Note that this is only valid in case of simultaneous HS-DSCH transmission to multiple UEs in the same TTI (code multiplexing)

· The amount of signaling carried on the associated DPCH should be kept low in order to minimize the channelization code consumption. 

2 Proposed Structure

The proposed control signaling structure is schematically illustrated in Figure 1.
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Figure 1
It is assumed that each UE for which an HS-DSCH has been set up also has an associated DPCH. In addition to other non-HSDPA-related transmissions, the associated DPCH carries an HS-DSCH Indicator (HI). When HS-DSCH data is transmitted to a UE, the HI on the corresponding associated DPCH is set to indicate which of the Shared Control Channels carries the associated control signaling (TFI, HARQ information, and UE ID). If there is no HS-DSCH data to a UE, the corresponding HI is not transmitted (DTX).  The HI consists of two information bits, i.e. there can be up to four Shared Control Channels. Note that the HI is not needed in case of no code multiplexing. Thus, in this case, the associated DPCH is not needed for the HS-DSCH signaling. Also note that the timing relation between the HI and a Shared Control Channel is not fixed but can vary in a one-slot window.

The Shared Control Channel carries the TFI, UEID, and HARQ information. The TFI is needed prior to the reception of the HS-DSCH TTI. On the other hand, the HARQ information is only needed at the time of the HS-DSCH decoding and therefore it is not necessary to transmit this information prior to the HS-DSCH TTI. The UEID is not needed prior to the HS-DSCH TTI either as the HI provides for sufficiently reliable “UE identification” at this stage. The UEID is needed to ensure that the UE does not deliver data intended for another user to higher layers (required error probability <<1%).

The TFI and HARQ information is explicitly transmitted over the Shared Control Channel, while the UEID is implicitly transmitted using the CRC of the Shared Control Channel

The CRC consists of 24 bits calculated over the three information entities TFI, HARQ information, and UE ID. The first two fields (TFI and HARQ info) are then explicitly transmitted over the Shared Control Channel together with the CRC. The TFI part is separately FEC coded and transmitted prior to the HS-DSCH TTI, while the CRC and the HARQ information are jointly FEC coded and transmitted in parallel with the HS-DSCH TTI. This coding is schematically illustrated in Figure 2. In this way, the delay between the start of the associated signaling and the HS-DSCH transmission is minimized. At the same time, critical transport-format information is available before the HS-DSCH TTI.
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Figure 2
Conclusions

This paper has described a structure for the associated downlink signaling.

The proposed structure has the following desirable properties:

· The delay is kept low by the staggered alignment of the Shared Control Channel and the HS-DSCH TTI

· The UE has knowledge of the TFI prior to demodulating the HS-PDSCH, which can be an implementation advantage.

· Future introduction of a transmission mode without an associated DPCH (no HI) is possible if speculative despreading of the HS-PDSCH is accepted or if code multiplexing is not used (a single Shared-Control Channel). 

It is recommended that the scheme outlined in this paper is adopted for HS-DSCH transmission. A text proposal for Section 8.1 of the RAN1 TR on HSDPA (TR25.858) is given below.

---- Begin text proposal ---

8.1.1 Overall structure

The downlink signaling associated with HS-DSCH transmission is carried partly on a Shared Control Channel and partly on an associated DPCH.

The following information is carried on the Shared Control Channel

· Transport Format Information (TFI)
The HS-DSCH transport format consists of modulation and coding scheme used for HS-DSCH transmission, the channelization codes to which the HS-DSCH is mapped, and power-level for the HS-DSCH transmission. In total, the TFI consists of {X} information bits.

· User Identity Information (UEID)
The UEID indicates the UE to which the information on the shared channel is intended. The UEID consists of {16} information bits.

· HARQ information 
The Hybrid ARQ information indicates the block number of the data transmitted in an HS-DSCH TTI. The HARQ information consists of {5} information bits.

The following information is carried on the Shared Control Channel:

· HS-DSCH Indicator (HI)
The HI of a UE is transmitted when HS-DSCH data is transmitted to the corresponding UE. When the UE is transmitted, it indicates the Shared Control Channel on which the remaining associated downlink signaling is carried. 
If there is no HS-DSCH data transmitted to the UE, the HI is not transmitted, i.e. DTX. The HI consists of two information bits. The HI is transmitted within a single slot of the associated downlink DPCH. If there is no associated DPCH, the HI is not transmitted.

8.1.2 Detailed structure

Figure 1 {see above} shows the structure of the Shared Control Channel. The Shared Control Channel consists of 2 parts that together are transmitted over N slots of the shared channel, where N*Tslot is the length of the HS-DSCH TTI.
· The TFI part carries the coded TFI. 

· The UEID/CRC+HARQ part carries HARQ information, UE identity information, and a CRC.

The timing of the Shared Control Channel and the corresponding HS-DSCH TTI is also illustrated in Figure X.

Figure 2 {see above} illustrates the coding for the different information carried over the shared control channel.

The CRC is calculated from the TFI, the HARQ information, and the UEID. The TFI is separately FEC coded and transmitted in the TFI part of the Shared Control Channel. The HARQ information and the CRC are concatenated, jointly FEC coded and transmitted in the UEID/CRC+HARQ part of the Shared Control Channel. The UEID is not explicitly transmitted.

---- End text proposal ---
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