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Introduction

In developing the HSDPA specificaitons, there seems to be a consensus that one of the most important aspects is the backward compatibility with Rel-99 (or Rel-4). During the last meeting in Busan, there were several contributions on HSDPA uplink channel structure considering the backward compatibility [1]-[3]. Until now, however, there has been no discussion on backward compatibility in downlink channel structure. In this contribution, we address the backward compatibility issue in downlink channel structure.

HS-DSCH-Related Downlink Signalling

The currently identified HS-DSCH-related downlink signallings are as follows:

· Explicit UE identification.

· Code-allocation information.

· Modulation and coding scheme (MCS) used for HS-DSCH transmission in a TTI.
· Hybrid ARQ-related information.
· HS-PDSCH power offset. But, it may not need to be transmitted in every TTI.

· Perhaps power offset for uplink for ACK/NACK signalling.

Various downlink channel structures to carry the information described above have been discussed and can be classified as follows:

· One-step approach: All of the downlink signalling information is transmitted using shared control channels (SHCCH).

· Two-step approach: A part of the signalling information, at least HS-DSCH indicator (HI) which informs UE to read the SHCCHs, is carried on the associated downlink DPCH prior to the corresponding signalling on the SHCCH. The other signalling information is carried on the SHCCHs.

Regarding UE power consumption, two-step approach could have benefits over one-step approach, since de-spreading/buffering is done only when HI indicates the existence of HS-DSCH data. In this contribution, we discuss downlink DPCH structure based on two-step approach, taking into account the backward compatibility with Rel-99 (or Rel-4). 

Candidates for HSDPA Downlink Channel Structure

Regarding downlink channel structure, Rel-5 UEs will know both Rel-99 and Rel-5 downlink channel structures. If both Rel-5 and Rel-99 cells are included in the active set as shown in Fig. 1, then some information such as voice and higher layer signalling data can be carried on the DL DPCH associated with HS-PDSCH of Rel-5 cell and on DL DPCH transmitted from Rel-99 cell. However, if there is no compatibility between Rel-99 and Rel-5 DL DPCH structures, i.e., DL DPCHs transmitted from Rel-99 and Rel-5 cells carry information data in different formats, then UE may not be able to get radio link combination gain in recovering information data carried on the DL DPCHs. To prevent the loss of radio link combination gain, the DL DPCH of Rel-5 should be designed to have the similarity with Rel-99 DL DPCH as much as possible. In this section, we discuss several candidates of associated DL DPCH structure that provides backward compatibility.
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Fig. 1. Example situation that a Rel-99 Node B is an active cell

1. Dedicated service data and HS-DSCH signalling are transmitted in the single code channel (TDM approach)

In [4] and [5], time division multiplexing (TDM) transmission of dedicated service data and HS-DSCH signalling on a single code channel was proposed. If TDM signalling on the DL DPCH is employed, then Rel-5 cell can transmit the dedicated service data as well as HS-DSCH signalling by reducing the SF of DL DPCH of Rel-5 cell by a factor of two as shown in Fig. 2, since there is no room left for HS-DSCH signalling in slot format of Rel-99. Then, UE could obtain the radio link combination gain, since the same amount of bits as Rel-99 cell can be transmitted from Rel-5 cell for dedicated service.


[image: image2.wmf]Data

1

TP

C

TF

CI

HS-DSCH control information

on DL DPCH

Data2

Pil

ot

1 slot

DL DPCH

From Rel-5 Cell, SF=N/2

Data1

TPC

TFCI

Data2

Pilot

1 slot

DL DPCH

From Rel-99 Cell, SF=N


Fig. 2. TDM structure of DL DPCH to support backward compatibility

However, this method may cause a waste of too much code space. Furthermore, if the amount of HS-DSCH signalling on DL DPCH is small, e.g., if only HI is transmitted on DL DPCH, then the waste of code space becomes larger.

2. HS-DSCH signalling is transmitted on the associated DL DPCH using an additional code channel (CDM approach)

The easiest way to provide backward compatibility in DL DPCH may be to use additional channelisation code for the DL DPCH associated with HS-PDSCH as shown in Fig. 3. In CDM approach, all of dedicated service data is transmitted from both Rel-99 and Rel-5 cells by using the same slot format. Hence, DL DPCH transmitted from the Rel-99 cell and primary DL DPCH transmitted from Rel-5 cell can be combined to recover dedicated service data as usually. Secondary DL DPCH of Rel-5 cell will be used to carry a part of HS-DSCH control information prior to the SHCCH. SF of secondary DL DPCH could be different from SF of primary DL DPCH according to the amount of HS-DSCH signalling carried on secondary DL DPCH.
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Fig. 3. CDM structure of DL DPCH to support backward compatibility

Regarding code usage, this CDM approach provides the better efficiency than the TDM approach. If the amount of signalling on secondary DL DPCH is small, e.g., only HI and SHCCH ID are transmitted, then SF of 512 could be sufficient for reliable transmission as shown in Table 1, which results in more efficient use of code resource. However, large number of UEs or large amount of HS-DSCH signalling may cause a problem in code resource utilization. 

Table 1. Example slot format for secondary DL DPCH

Slot format #
SF
Bits/Slot
NHI
NSHCCH-ID
Channel coding rate

1
512
10
1
2
3/10

2
512
10
1
3
4/10

3. Use of split mode TFCI operation for transmission of HS-DSCH signalling on the associated DL DPCH

Currently, there seems to be a concensus that most HS-DSCH signalling will be carried on SHCCH(s) to prevent the waste of too much code space. And, in this meeting, there is a contribution that proposes to transmit only HI on the associated DL DPCH. In this section, a method is discussed for this situation, which utilizes the (hard) split mode TFCI operation that is defined in current specification so that encoded TFCI code word for DSCH may not be transmitted from every cell.

If a dedicated service data or higher layer signalling is transmitted on the associated DL DPCH with Rel-99 slot format and split mode is employed, then half of TFCI field in each slot will not transmit any bit, since TFCI for HS-DSCH will be transmitted on SHCCH. This unused part of TFCI filed could be used for transmission of HS-DSCH signalling, e.g., HI. A structure of the associated DL DPCH channel based on this observation is shown in Fig. 4. The same slot format can also be used for Rel-99 cell with split mode operation of TFCI. Then, only half of the TFCI bits will be transmitted from the Rel-99 cell, since the Rel-99 cell will have no DSCH data to transmit. By using the slot format shown in Fig. 4, UE can get radio link combination gain in recovering the dedicated service data without need of any additional use of code resource.
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Fig. 4. Use of split mode operation of TFCI for the associated DL DPCH

Conclusion

This contribution addresses the backward compatibility issue of the DL DPCH associated with HS-PDSCH in the situation that Rel-99 cell as well as Rel-5 cell is an active cell. Three methods have been discussed as follows:

· Method 1: Dedicated service data and HS-DSCH signalling are transmitted in the single code channel (TDM approach)

· Method 2: HS-DSCH signalling is transmitted on the associated DL DPCH using an additional code channel (CDM approach)

· Method 3: Use of split mode TFCI operation for transmission of HS-DSCH signalling on the associated DL DPCH

From the code usage point of view, method 3 is most efficient. And, method 3 could fit well with the case that SHCCH carries most HS-DSCH signalling, e.g., only HI is transmitted on the associated DL DPCH. 
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