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1 Introduction

In RAN1#45 and RAN#32, it was agreed that the MIMO scheme for Rel-7 would be a dual-codeword MIMO scheme based on D-TxAA, with the antenna weights being signalled on the HS-SCCH [1].

It is now necessary to define the remaining details of this scheme. In this paper we discuss some details of the CQI feedback for D-TxAA. 

2 Terminology

We use the term “primary beam” for the beam that is formed on the basis of the UE feedback. The beam that is formed using an orthogonal weight vector to that of the first beam is referred to as the “secondary beam”. 

3 CQI feedback

3.1 Information content of CQI feedback

The two beams in D-TxAA are typically received with different SINR at the UE, so each beam can support a correspondingly different rate. This implies that dual CQI feedback is required to be signalled to the Node B by each UE when configured in MIMO mode. 

In Release 5, a single CQI value is comprised of 5 information bits, coded into 20 physical channel bits. For D-TxAA, this number of bits would be doubled if a fully-separate CQI value was indicated for both beams. This could result in an unnecessarily-high signalling load.

We therefore consider here possibilities for reducing the additional signalling load of transmitting CQI feedback for the secondary beam. 

3.2 Transmission of CQI feedback

A number of options could be considered for the channel structure for transmitting CQI feedback for D-TxAA. For example:

a) Increase the code rate of the HS-DPCCH to accommodate the extra bits or halve the HS-DPCCH SF to 128, generating double the number of bits in the CQI field. TDM or joint coding could then be used for the 2 CQI values. TDM results in a loss of time-diversity, and would therefore reduce the performance of CQI compared to Rel-5 (even if the transmit power was doubled). Joint coding would not be straightforward if the number of transmitted CQI values was variable (i.e. sometimes transmitting just one CQI value and sometimes transmitting two CQI values).

b)  Use a second SF256 code (for a second HS-DPCCH). This would not be optimal for PAPR.

c) Reduce the maximum CQI reporting rate and use staggered periodic reporting for the two beams. The maximum CQI reporting rate per beam would become once every other TTI. This is probably acceptable in most channel conditions where TxAA would be used.

Option (c) above seems the preferable solution (avoiding the problems associated with (a) and (b)). 

3.3 Transmission of separate CQI reports per beam 

In general, as discussed in [2], the supportable rate on the primary beam would be expected to be higher than the supportable rate on the secondary beam. Consequently, in terms of overall throughput, the effect of errors in the CQI signalling for the secondary beam is likely to be less significant than the effect of errors in the CQI signalling for the primary beam, when considering the total achievable transmission rate across both beams. 

Taking the above considerations into account, a suitable CQI feedback scheme for D-TxAA would minimise the signalling overhead, as well as favouring the CQI feedback for the primary beam in terms of the reliability (including aspects such as resolution and update rate) of the channel quality feedback.

In view of this, one could consider, for example:

1. A lower reporting frequency for the CQI transmissions relating to the secondary beam compared to the CQI reporting frequency for the primary beam. 

2. A cut-off threshold for CQI reporting for the secondary beam, below which the UE should not report CQI for that beam. One option could be to transmit the Release 5 “out-of-range” indicator for the secondary beam when it cannot support a second codeword, but this does nothing to reduce the signalling overhead; furthermore, the secondary beam is likely to be unable to support a second codeword significantly more frequently than the primary beam being “out-of-range”.  We therefore propose that the UE should refrain from signalling CQI for the secondary beam in cases when the CQI would be below a threshold (which could be fixed or set semi-statically).   

3. The number of bits required for the CQI reports for the secondary beam should be carefully evaluated. As the impact of errors may be smaller for the secondary beam, a coarser granularity could be used for the secondary beam (e.g. 2dB steps instead of 1dB steps). 

As a further means of reducing the signalling overhead for the secondary beam, it may be useful to consider using differential signalling to indicate the CQI value for the secondary beam (for example, by means of an offset relative to the value for the primary beam). 

If a longer reporting cycle is used for the secondary beam, a longer averaging period could also be used for UE’s derivation of the CQI value for the second beam. 

For more accurate CQI reporting it may be desirable to provide the UE with a semi-static parameter indicating the power offset to be assumed between the two beams (possibly by reference to the CPICH as in Rel-5).

4 Conclusions

Some aspects of the CQI feedback for D-TxAA have been discussed. 

We propose:
· Independent CQI reports for the primary and secondary beams.

· CQI for the secondary beam should be transmitted on HS-DPCCH by using a reporting cycle longer than 2ms for the primary beam, and using staggered reporting for the two beams. 

· It should be possible to configure a different (lower) CQI reporting frequency for the secondary beam than for the primary beam. 

· The UE should refrain from signalling CQI for the secondary beam in cases when the CQI would be below a threshold (which could be fixed or set semi-statically).   

· Differential CQI reporting and a coarser granularity should be evaluated for the secondary beam. 
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