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1 Introduction

The current HSDPA specifications allow only one transmission to a UE within an HSDPA subframe [1]. The restriction of a single transmission to a UE within a subframe may lead to scheduling and transmission inefficiencies when one or more retransmission for a given UE is pending on one or more HARQ processes and/or when a new transmission needs to be code-multiplexed with one or more retransmissions within a subframe. This document outlines a signalling structure that allows multiple simultaneous transmissions (either all retransmissions or a new transmission and retransmission(s)) to a UE within a subframe.  Having the flexibility for multiple transmissions to a UE within a subframe provides improved performance especially at low speeds (see [2] which demonstrates gains of up to 50% at 3km/hr).

2  Signalling for multiple simultaneous streams
The signalling structure proposed in this document illustrates how multiple transmissions to a UE can be conveniently accommodated within the existing signalling framework. The main motivation to support multiple simultaneous HARQ transmissions is that there may be times when multiple transmissions to a UE may be pending: e.g. two retransmissions on different HARQ processes or a new and retransmission.  In cases when this happens for the selected user in the system or when there is only one active user, having the capability to perform multiple simultaneous transmissions can be used to advantage. Multiple transmissions to a UE within a subframe can be performed by using multiple shared control channels for the same UE in the same subframe. Each control channel will carry the control information pertinent to only one of the HARQ process. In the example shown in Figure 1, a retransmission for UE B is performed over 3 codes in the third sub-frame while a new transmission to the same UE is performed over 9 codes.  
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Figure 1 An example of simultaneous new transmission and retransmission to the same UE within the same subframe.

2.1 Multi-level ACK/NACK

When two or more HARQ transmissions for the same UE are performed in the same subframe, a multi-level ACK/NACK is needed on the uplink.  A multi-level ACK/NACK can be achieved by using the same format as used for single-level (binary) ACK/NACK. An example of multi-level ACK/NACK feedback is shown in Figure 2.  The transmissions B1 and B2 for the same UE are ACKed in a single ACK/NACK feedback. 
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Figure 2 An example of two-level ACK/NACK feedback

An example of multi-level ACK/NACK format is shown in Figure 3. When the UE needs to ACK/NACK multiple transmissions in the same ACK/NACK, it can use a different format that will be known at the Node-B because Node-B has the knowledge of the number of transmissions performed in the subframe and the time when it is expecting ACK/NACK for that subframe. When multi-level ACK/NACK is used, the UE may use a higher power in order to compensate for the lower repetition factor compared to the case of single-level ACK/NACK. Moreover, some kind of coding can also be used for multi-level ACK/NACK in order to reduce the required power. For example, the results presented in [3] showed that a 6-bit acknowledgement using 64-ary bi-orthogonal coding requires only about 2.5 dB higher Eslot/N0 compared to binary ACK/NACK signalling.
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Figure 3 Multi-level ACK/NACK format

2.2 Control signalling for multiple transmissions

When multiple HARQ transmissions are performed to the same UE in the same subframe, the UE ID, TFRI and HARQ control information is carried separately on the shared control channel. The maximum number of simultaneous transmissions to a UE in the same subframe is either limited by UE capability or by the number of shared control channels that it has knowledge about and is capable of decoding.  Control information pertaining to the different HARQ processes for the user is transmitted as shown in Figure 1. 

3 Conclusion

Taken together with the results of [2], this document shows that simultaneous transmissions to a UE per subframe can be readily accommodated within the proposed HSDPA signalling structure and does provide performance benefits. It is recommended that simultaneous transmissions to a UE within a subframe be allowed for HSDPA in Release 6.
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