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1 Introduction

This paper discusses the requirement for padding blocks for high speed downlink packet access. Furthermore an efficient mechanism how to implement the support for padding blocks in the MAC is presented.

2 Need for padding blocks

High speed downlink packet access is designed to support a wide range of data rates. Peek data rates of up to 10 Mbit/s are foreseen. The actual data rate that is currently in use by the physical layer and the transport format is indicated by physical layer signalling. A field called Transport format and Resource indication (TFRI) is under discussion to provide this functionality. The TFRI is likely to be transmitted on the shared control channel which has been introduced in order to provide signalling support for the HS-DSCHs. Details of the TFRI require further study and have not been decided upon yet. 

It is expected that the TFRI will provide information about for example the number of transport blocks, the modulation scheme, the coding scheme and the used resources in a given transmission time interval. Although only one HS-DSCH will be supported within one TTI more than one HS-DSCH can be supported by making use of time multiplexing. The configurations for different HS-DSCHs are potentially independent of each others and so the TFRI has to provide means for the signalling of configurations for a number of HS-DSCHs.

Not all arbitrary combinations of the parameters result in reasonable configurations.However, the number of possible reasonable configurations is huge.

In case the peek data rate of 10 Mbit/s is used, in one 2ms TTI all in all 10 Mbit / 500 = 20000 bits are transmitted to one UE. Considering a transport block size of 320 bits the used transport block set is comprised of 62 transport blocks. So in order to be able to signal all data rates in between 62 different configurations are required. Different configurations providing these data rates are possible e.g. by combining with different configurations of the code, modulation scheme and coding scheme. So in theory hundreds of different configurations are possible for one transport channel only. Usage of more than one transport channel will result in a multiplication of these possibilities. It is not likely that the TFRI will provide the possibility of signalling all of these configurations. So only a subset of the different possible air interface data rates will be possible to be indicated by the TFRI. In order to cope with this restriction, in [1] different scenarios have been outlined in which the usage of padding blocks is considered to be beneficial. E.g. at the end of a packet call it is possible that an arbitrary number of padding blocks is to be transmitted to the UE. Also during an ongoing packet call due to flow control and variable data rates on the air interface it is difficult to ensure that always a number of transport blocks is available in the buffers for one UE that matches one possible configuration.

In order to provide a as high user data rate as possible to one UE it is beneficial to transmit as many transport blocks as possible in a given TTI to UEs in these cases. This can be achieved by including padding blocks to match one valid configuration. Although this wastes resources on the air interface it can be considered to be beneficial in some circumstances (e.g. the resources would be unused otherwise) or if the additional delay caused by transmitting the data in consecutive TTIs (with valid configurations) rather than in one TTI with padding blocks is not acceptable.

3 Efficient support of padding blocks
In the previous section it has been outlined that the option of using padding blocks to match valid configurations is needed. In this section an efficient mechanism how to implement this functionality in the MAC-hs protocol is presented. We see it as a requirement to keep the overhead introduced by the padding blocks functionality to a minimum.

The model that is presented here only examines issue of transport block set sizes. For example the fact that information about coding, modulation and resource indication are also provided is excluded from the following discussion because it is seen to be rather independent of the padding block issue.

Irrespective of the details the TFRI will provide information about the data rate on the air interface. Essentially, the user data rate corresponds to the number of transport blocks that is received in one TTI that contain valid data. In the model that is presented here the TFRI rather only enables the decoding of received data than exactly indicating the user data rate.
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Figure 1

The figure above shows the implied model. A data block that has been received in one TTI is given to MAC-hs. One field of the MAC-hs header is the Padding Transport Block Indicator that is proposed in this contribution. The Padding Transport Block Indicator has one bit length and indicators whether any padding blocks exist in the Transport Block Set. In case the Padding Transport Block Indicator indicates the presence of padding blocks then another MAC header field exists that provides information about the number of Transport Blocks that  contain user data. This field is padded to exactly match the size of one Transport Block. This format is illustrated in Figure 2 below.
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Figure 2

The size and content of the Other MAC-hs header field is not subject of this contribution. The P field contains the Padding Block Indicator bit. In case the Padding Block Indicator bit indicates the existence of padding blocks one further MAC header field is included, the Transport block number indication. This field provides information about the number of transport blocks that contain valid data. The Transport block number indication is padded to match the size of a transport block. This has the advantage that the size of the data that is transmitted or received by the physical layer is calculated by: 

(Number of Transport blocks) x (Transport block size) + (Size of other MAC-hs header) + 1

The Number of Transport blocks includes both the number of padding blocks and the number of blocks containing user data.

This mechanism enables a support of padding blocks with a minimum of overhead. In case no padding blocks are included in one Transport block set only one bit is needed to indicate the absence of any padding blocks. In case padding blocks are used the padding blocks are exploited for further MAC headers.

4 Conclusion

The potential need for padding blocks for high speed downlink packet access has been acknowledged.

An efficient mechanism has been presented how to implement padding block functionality in the MAC-hs protocol with a minimum of overhead. This mechanism is relevant in the likely case that the TFRI does not allow the signalling of all possible transport block set sizes.

It is proposed to capture a description of the mechanism in [2].
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