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1. Introduction
In TSG RAN #32 it was agreed to standardize MIMO for HSDPA in Rel. 7, and the agreed-upon scheme for FDD is referred to as D-TxAA. This scheme requires feedback of antenna weight information (AWI) from the UE to Node-B. The AWI consists of (1) the number of preferred streams (1 or 2), and (2) the precoding configuration (transmit weights) associated with the selected number of streams. For the case of single-stream, the transmit weights are simply one of the 4 weight vectors drawn from the closed-loop mode-1 (CL-1) transmit diversity codebook. For dual-stream, two possible unitary matrices are constructed from the 4 weight vectors. Hence the total number of precoding configurations is 6 – 4 for single-stream transmission and 2 for dual-stream. Thus at most 3 bits are required in order to feedback AWI.

Two principle options have been discussed within RAN1 for feedback of AWI [1], [2], [3]. The first is to utilize the FBI bit field in the uplink DPCCH, as is done for CL-1 transmit diversity. Unlike CL-1, however, it has been agreed that for D-TxAA Node-B will change the transmit weights not more often than once per subframe (3 slots). Since the DPCCH contains one FBI bit per slot, there is an opportunity to use 3 consecutive slots to feedback AWI on the DPCCH. Hence, this option requires a change to both the way in which the FBI bits are determined at the UE and the way in which they are interpreted at the Node B.

The second option is to modify the format of the HS-DPCCH to include AWI. Some modification is required anyway in order to support feedback of up to 2 CQIs instead of just one. This is the preferred option for Ericsson as will be argued below.
2. Feedback of AWI Using HS-DPCCH
The following is a list of arguments in favour of utilizing the HS-DPCCH for feedback of AWI from the UE to Node-B.
· Tight association between AWI and CQI The UE needs to select one of the 6 possible precoding configurations (4 four single-stream, 2 for dual-stream) and inform Node-B of its preference. The precoding configuration is inherently related, and thus tightly coupled, to the CQI(s) that the UE also needs to report. Therefore, the AWI needs to be indicated in such a way that it may be easily associated with the CQI reports. Use of the HS-DPCCH for feedback of the AWI is a simple and clean way of making this association. In contrast, using the DPCCH to carry AWI complicates the association due to (1) the timing offset between the HS-DPCCH and DPCCH and (2) the reporting interval between AWI and CQI may be different. The latter occurs since the reporting interval for CQI is configurable through higher layer signaling, whereas the FBI feedback rate is always one bit per slot.
· Error Control Coding for AWI Due to the fact that AWI and CQI are tightly coupled, it is important to protect both with a similar level of error control coding. This is possible if the AWI is carried by the HS-DPCCH since the CQIs are already protected through coding. It is a simple matter to introduce coding for the AWI such that both AWI and CQI are equally protected. In contrast, use of the DPCCH complicates matters since the FBI bits are uncoded. Hence to ensure decent protection of the AWI, the target SIR for the DPCCH needs to be appropriately selected which may lead to excessive interference in the uplink.
· Convenient Indicator of HS-DPCCH Format A further advantage in having a very clean association between the AWI and CQI using the HS-DPCCH is that the number of preferred streams is easily extracted. This may be used as an indicator of the format of the CQI feedback in the latter part of the HS-DPCCH. The UE feeds back either one or two CQIs based on the number of preferred streams, and thus two different coding formats for CQI are possible.

· Future-Proof Solution MIMO for HSPA should be viewed as a separate feature from closed-loop transmit diversity. As such, it should not be coupled to CL-1 through use of the FBI bits for AWI feedback. Decoupling MIMO from transmit diversity enables the standard to be “future-proof” to some extent. This is desirable in case of deployment of an “HS-only” system that minimizes the use of dedicated channels. For example, some form of gating may be applied to the DPCCH in future releases, which precludes the use of the FBI bits for AWI feedback.
· Compatibility with Legacy Services Disregarding the “future proof” argument above, it is still desirable to utilize the HS-DPCCH for feedback of AWI since it allows the simultaneous use of CL-1 transmit diversity for the downlink DPCH which requires the FBI bit on the uplink DPCCH. If the FBI bit has already been used for AWI to support D-TxAA, then CL-1 transmit diversity is not possible.
3. Summary and conclusions

Ericsson’s preferred option for the feedback of antenna weight information is via the HS-DPCCH rather than the FBI bits of the DPCCH.
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