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1. introduction

We introduce three concepts related to signalling for HSDPA in anticipation of future MIMO enhancements. However they can also be applied to the current HSDPA discussions with minimal impact on complexity and overhead. These ideas are 1) a more general definition for the uplink channel quality indication bits, 2) a more general definition of downlink MCS and code channelization bits, and 3) an intermediate signalling protocol for providing information about average channel quality and reducing the number of bits required for indicating the transmission mode. 

2. generalized interpretation of uplink channel quality indication bits

In the current HSDPA proposal, several bits for the channel quality indication (C/I) are sent from the UE to the Node B as often as once per TTI. These are transmitted in either a time or code division multiplexed manner. The final transmission mode (i.e., MCS scheme) will be determined by the Node B based on the power available, the queue size, and the UE channel quality indication. This transmission mode will be signalled on the downlink.

In MIMO systems, the channel quality indication is a function of not just the received instantaneous C/I, but also the channel realizations [1][2]. By computing an appropriate metric based on the C/I and channel realization, the UE signals a channel quality that indicates its highest supportable data rate. A log determinant metric was proposed in [1], but other metrics can be used based on performance/complexity considerations. Therefore the channel quality indication bits should be interpreted by the Node B, not as a C/I measurement, but as a general quantity which is an indication of channel quality and which is used in deciding the MCS. (As explained in the next section, if selection transmit diversity (STD) is an option at the transmitter, one or more of the bits can be interpreted as an antenna selection bit over the range of rates that STD is applicable.)

3. Generalized interpretation of downlink mcs and code channelization bits

In the current HSDPA proposal, the downlink rate is determined by the number of code channels and the MCS. This information is conveyed to the UE on an associated DPCH or shared control channel before and/or during the transmission on the DSCH. If multiple antennas are employed at the Node B, the transmission mode is further specified by the number of antennas, which antennas to transmit from, and/or the transmission technique (e.g., STTD, D-STTD [3], code re-use, STD). 

For a given class of Node B (defined by the number of antennas and its transmission capabilities) and a given class of UE (defined by the number of antennas and its detection capabilities), there is a set of transmission modes which spans from low data rates to high data rates. For example, consider the set of transmission modes in Figure 1 for a 4-antenna Node B which can transmit with code re-use and a 4-antenna UE which can demodulate code-reuse signals [1]. If the UE experiences low channel quality (through low C/I and/or spatially correlated channels), the low data rate is achieved using a small number of codes and STD transmission. For the highest channel quality (through high C/I and spatially uncorrelated channels), the highest data rate is achieved using the maximum number of codes and code re-use transmission.

Hence in contrast to the current HSDPA proposals where downlink bits are used to specify the MCS and number of codes, we propose a more generalized interpretation of these bits to indicate the transmission mode defined by the MCS, the number of codes, and in the case of multiple antennas, the transmission technique and the transmitting antennas.  

Transmission mode
Code rate
Number of codes (SF 16)
Constellation
Transmission technique
Transmitting antennas
Data rate

1
¼
2
QPSK
STD
1
240Kbps

2
¼
2
QPSK
STD
3
240Kbps

3
½
2
QPSK
STD
1
480Kbps

4
½
2
QPSK
STD
3
480Kbps

5
½
5
QPSK
STD
1
1.2 Mbps

6
½
5
QPSK
STD
3
1.2 Mbps

7
½
10
QPSK
STD
1
2.4 Mbps

8
½
10
QPSK
STD
3
2.4 Mbps

9
¾
10
QPSK
STD
1
3.6 Mbps

10
¾
10
QPSK
STD
3
3.6 Mbps

11
¾
10
16QAM
STD
1
7.2Mbps

12
¾
10
16QAM
STD
3
7.2Mbps

13
¾
10
8PSK
DSTTD
1,2,3,4
10.8Mbps

14
~ ½
10
QPSK
Code re-use
1,2,3,4
10.8Mbps

15
¾
10
QPSK
Code re-use
1,2,3,4
14.4 Mbps

16
¾
10
8PSK
Code re-use
1,2,3,4
21.6 Mbps

Figure 1. Transmission mode table for 4 antenna Node B and 4 antenna UE.
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