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1 Introduction

In HSDPA, a shared control channel carries HS-DSCH related downlink signalling for one UE. First assumptions for the associated signalling on the shared control channel are captured in [1]. Besides HARQ related information which is out of the scope of this document, Transport Format and Resource Related Information (TFRI) is transmitted.

This document intends to investigate possible contents of the TFRI and discusses efficient ways of signalling this information on the shared control channel.

2 Transport Channel Characteristics 
2.1   Release 99 DSCH

RAN1 recommends that for signalling of the HSDPA transport formats and the code allocation the same principle should be applied as for the DSCH in Release 99 [2]. 

In Release 99, where the DSCH is supported the information provided on TFCI(field 2) has to enable the UE to look up both the TFC used on the DSCH CCTrCH as well as the PDSCH channelisation code.

This mechanism provides a very flexible way of signalling code allocation and TFC information to the UE, since both elements can be assigned independently from each other. Specific methods of RRC signalling, i.e. code range or TFCI range method, increase the signalling efficiency of the RRC message that is used to setup the DSCH, and can be selected instead of an explicit signalling.

2.2.  HS-DSCH

The HS-DSCH transport channel has some properties different from the release 99 DSCH. 

Unlike Release 99, the transport block size belongs to the semi-static part of the transport format. 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. Different HS-DSCHs are therefore time multiplexed, and there needs to be information for each TTI which HS-DSCH is present.

A TFRI field (Transport Format and Resource related Information) is used to signal the dynamic part of the HS-DSCH transport format. Besides the transport block set size, this includes the modulation and coding scheme (MCS). The TFRI also includes the information about the channelisation codes for HS-DSCH. The spreading factor for HS-DSCH is fixed and equal to 16.

3 TFRI Signalling

3.1  Reserved Bit Fields within TFRI

As outlined in 2.2, various parameters have to be conveyed within the TFRI. One possibility of signalling these parameters would be to reserve explicit bit fields for them on the shared control channel, e.g. 3 bits for signalling the selected modulation and coding scheme, 4 bits for the selected HS-DSCH, etc. However, this would reduce flexibility, since it is difficult to predict how many bits need to be reserved for each parameter. For example it would be very inefficient to reserve one bit to signal additional modulation schemes that are potentially never specified. Also there is the danger that not enough spare values are reserved for one particular parameter and in this case providing additional code points would be a major problem. Furthermore, it depends on the HSDPA configuration which parameters are supposed to be more or less static or how many parameter values they actually require. 

It would therefore be a waste of signalling capacity on the shared control channel to reserve a fixed bit space for each TFRI parameter. 

3.2  Configurable Parameter Combinations represented by TFRI Value

We propose to adopt a more flexible signalling scheme based on the release 99 approach. TFRI values could be configured to represent certain parameter value combinations similarly to the release 99 TFCI (field 2).

Currently, a minimum of 10 and a maximum of 16 bits are foreseen for the TFRI, resulting in a sufficient number of 1024 or 65536 possible parameter combinations, respectively.

The required information contained in the TFRI can therefore be summarized as follows. The entries in the tables for the parameter values are just examples for clarification. Exact value ranges need to be carefully selected. Thus the TFRI field can be interpreted, similar as in R99, as a pointer to one row in the table.

TFRI field
Transport Channel ID
Transport Block Set Size
Modulation and Coding Scheme
Code Allocation

1
1
1
QPSK, rate ½
Code Numbers 0-3

2
1
5
QPSK, rate ¾
Code Number 7

3
2
1
16 QAM, rate ½
Code Numbers 5-8

...
...
...
...
...

Table 1
Overview of TFRI contents

One possibility would be to pre-define such a table for the TFRI parametrization in the standards and to specify the possible parameter combinations. In this case there would be no need to signal the table for the configuration to the UE because it is the same in all cells that support HSDPA by the standards and would thus be known by the UE. Each UE could then unambiguously identify the parameter combination on HS-DSCH by the TFRI value transmitted on the shared control channel. 

However, due to the large number of possible combinations, it is felt difficult to select appropriate parameter settings. Especially, in case several different HS-DSCH transport channels are involved in the operation it is very difficult to find appropriate configurations that match the requirements for all cases. 

A more future-proof concept would be to use explicit RRC signalling to inform the UE about the current TFRI configuration along with other HS-DSCH configuration options during setup of the HSDPA operation. Thus in case for example a new modulation scheme is specified there is only a need to update the RRC message and the danger of running out of code points is minimized.

Depending on the actual needs, the parametrization can be adjusted flexibly and individual configuration requirements can be considered. Thus possible special requirements for each service can be taken into account.

Deriving certain parameters like transport format parameters from the parameters for the physical configuration is a restriction of flexibility. Although under certain circumstances, it could appear to be beneficial to provide configurations such that the transport blocks that are to be transmitted exactly fit the physical resources, this should only be seen as one out of several criteria for configuration. In case for example a UE handovers from a source cell that does not support HS-DSCH to a HSDPA target cell one could also consider it to be beneficial to use a similar configuration for the transport formats. Since the DCHs or the DSCHs that have been used in the source cell provide the full flexibility for transport format configuration it is seen to be beneficial to provide similar flexibility for HS-DSCH also.

We therefore propose to base the TFRI signalling on this approach and to allow configurable TFRI parameter combinations. This includes an independent configuration of all relevant parameters.

Efficient RRC signalling schemes, e.g. similar to the code range or TFCI range method in release 99, should be further investigated in order to reduce the required signalling of the TFRI combination.

3.3   Transport Block Set Size and Usage of Padding Blocks

The parameter transport block set size is assumed to be highly dynamic and its granularity is difficult to predict. In order to avoid, that for each transport channel, MCS, ... the complete range of transport block set sizes has to be configured and signalled, a more efficient scheme based on padding blocks is proposed. A method of supporting padding blocks in HSDPA has been described in [3]. Table 2 shows how TFRI signalling can be reduced when usage of padding blocks is assumed:

TFRI field
Transport Channel ID
Transport Block Set Size
Modulation and Coding Scheme
Code Allocation

1
1
1-5
QPSK, rate ½
Code Numbers 0-3

2
1
6-10
QPSK, rate ¾
Code Number 7

3
2
1-4
16 QAM, rate ½
Code Numbers 5-8

...
...
...
...
...

Table 2
Overview of TFRI contents assuming usage of padding blocks

A UE receiving TFRI field 1 would therefore assume that it receives 5 transport blocks, where some of them might be padding blocks. In [3], a method is described which allows to identify the padding blocks among these received transport blocks.

4 Conclusion

Specific requirements for HS-DSCH transport format signalling and contents of the TFRI in HSDPA have been discussed. It has been shown that a TFRI signalling scheme similar to release 99 TFCI (field 2) signalling provides the most efficient and flexible way of transmitting this information to the UEs.

A scheme should be selected that allows to address individual HSDPA configurations. Specific parameters should be configurable independently from each other. Clever coding of the RRC message should be applied in order to minimize the size of the setup message.

To minimize the number of different configurations, it is proposed to adopt a mechanism based on padding blocks as described in 3.3.  

It is proposed to capture a description of the signalling mechanism proposed in 3.2 and 3.3 in [4]. 
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