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1. Summary and recommendation
Similar to other proposals [
,
,
], we consider a straightforward approach to support uplink MIMO signaling that has the following aspects: 
· The HS-DPCCH Ack/Nack and CQI are both split in two to support 2 stream operation.  The channel coding rate is increased to support the additional signaling.
· FBI bit usage is consistent with earlier releases: carried on UL-DPCCH to indicate the closed loop mode 1 array weights for the primary stream.
Since such a structure can easily fall back to single stream reporting in R6 formats, it can accommodate reduced overhead by reducing the rate 2 CQIs are reported.  Other overhead reduction schemes, such as differential CQI reporting, are also possible.  Again, given that only a fraction of UEs in a cell (those that are at a reasonably high geometry) will be configured for MIMO operation and that this will limit the uplink load from MIMO capable UEs, the tradeoff of reduced CQI information overhead to downlink performance should be carefully examined.  As such, we would recommend that the straightforward approach be used as a baseline when evaluating the enhancements to reduce overhead.
2. discussion
D-TxAA based MIMO requires three basic types of information: antenna weight feedback (“FBI”), CQI, and Ack/Nack.  We consider the requirements for each of these in turn:
2.1 CQI
Dual stream operation is most simply supported by doubling the CQI reporting rate.  As proposed and argued in [1], the CQI coding rate could be increased (e.g. doubled to (20,10) ) to support a second CQI, and this increased power requirement is mitigated by the fact that UEs should be configured for MIMO operation at higher geometries where power limits are not as critical.  We feel that this is a reasonable way forward.
It has also been proposed [1,2,3] to have multiple CQIs reported, and that their rate be configurable.  A dual stream report would consist of the CQIs for each of the streams assuming the code resource and power are equally split between the streams, whereas the single stream report would be the CQI when the entire resource is assumed by the UE to be allocated on a single stream.  Therefore there would be a total of 3 CQIs that could be potentially sent.  Their overhead could be reduced by changing the reporting rate of the dual stream or single stream transmission types.  The performance benefit to the node B scheduler of having a single stream report in addition to a dual stream report has not yet been discussed in detail in RAN1.  However, since it can be supported on an R6 HS-DPCCH, which must anyway be supported in a MIMO UE, we have no strong view on its addition given that the overhead can be controlled, e.g. through adjusting its reporting rate, and that it represents no change to UE transmit line ups or power amplifier requirements (e.g. it is TDM’d with the dual stream CQI).
2.2 Ack/Nack
It is also straightforward to reduce the coding rate of Ack/Nack [1].  In this case, a given HS-DPCCH subframe containing Ack/Nack would contain 2 Ack/Nacks composed of 5 bits when configured for MIMO operation.  It is of course possible to use a single Ack/Nack for 2 streams, but this would reduce downlink throughput.
Ack/Nack operation also supports PRE/POST signaling.  Since PRE/POST is not used when a UE is scheduled in consecutive subframes, it seems to conflict with MIMO operation where maximum data rates are desirable.  Furthermore, the in our understanding the principal use of PRE/POST is to reduce uplink power requirements for Ack/Nack, which seems it is less needed at the higher geometry conditions where MIMO can be configured.  Therefore, we feel that the use of PRE/POST signaling should be justified before supporting it when a UE is configured in MIMO mode.
2.3 FBI

FBI bits have been proposed to be carried at the same rate as CQI [1] or at a different rate as CQI [
].  The latter seems to correspond to an inclination to transmit FBI on the on the UL-DPCCH (as is done in R6 for CLTD) and the former to transmit FBI on the HS-DPCCH.  If the FBI are transmitted on the HS-DPCCH, some room must be made for the 2 bits.  In the dual stream mode, the most obvious approach would seem to be to reduce the CQI field for the weaker MIMO stream.  However, this must also be done for the single CQI in the single stream HS-SCCH format, leading to less efficiency and an unnecessary introduction of a second single stream CQI mode beyond that already available in R6.  Furthermore, the two FBI bits must always be transmitted with CQI.  Since FBI is not needed for scheduling decisions, it is wasted if the UE is not scheduled.  This means that the benefit of a lower data rate on UL-DPCCH without FBI comes at the cost of information that is not always used at Node B.  On the other hand, having FBI on the UL-DPCCH leaves the potential to adjust overhead by controlling the FBI and CQI reporting rates independently.
One disadvantage of reporting FBI exactly as in R6 for D-TxAA is that the slot formats currently supported have 3 FBI bits per 2ms subframe.  While this is not a critical issue, we might consider revising the UL-DPCCH slot formats, since this is being discussed for CPC anyway.
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