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1 Introduction
RAN#54 started a work item (WI) on MIMO with 64QAM for HSUPA (see [1]). The RAN1 part of the WI is planned for completion at RAN#57 (September, 2012). The WI initialization was a result of extensive studies regarding potential benefits and solutions performed during the study item (SI) phase; see [2] for a summary of the findings.  
A few high-level design aspects for UL MIMO with 64QAM were discussed in [3]. In this contribution we initiate some discussions related to the DL control channel design.
2 DL Control Channel Design for Uplink MIMO with 64QAM

This section discusses some of the design alternatives for DL control channels needed for UL MIMO with 64QAM.
In our view it is beneficial to leverage on existing control channel structures as much as possible. 
Assuming that 3GPP agrees to adopt a dual codeword approach with independent streams, the introduction of MIMO with 64QAM will require some additional DL feedback, namely:

1. Precoding information (TPI) – we propose to re-use the CLTD framework for precoding. Hence, it makes sense to re-use the F-TPICH channel to signal precoding information.

2. Rank indication – The network (serving NodeB) needs to be able to signal the preferred rank to the UE. It is FFS to determine how frequent this information needs to be signalled, but a working assumption could be once every TTI. A natural solution is to signal the preferred rank by extending the existing F-TPICH, e.g. by using the empty third slot in each subframe to signal the rank indication. One question is whether it would be beneficial to signal the preferred rank as early as possible, i.e. signal rank in the first slot, and TPI in the second and third slots; see Figure 1. Alternatively a completely new slot format is introduced to support UL MIMO with 64QAM.
3. A new marginal loop controlling the quality of the secondary stream for dual stream transmissions – Further studies are needed before we can conclude on the number of required feedback bits and a suitable update rate. These issues will determine what kind of feedback channel that is appropriate. 

4. HARQ acknowledgment for the secondary stream – There will possibly be a need to signal a HARQ acknowledgment for the secondary stream and different solutions can be envisioned. One appealing solution would be to configure one additional E-HICH signature associated with the secondary stream.
One question related to the feedback channel design is what quality is required for the feedback channel and how to ensure that the quality is maintained.

[image: image1]
Figure 1
 Illustration of a possible TPI and rank signaling solution using the F-TPICH.
3 Conclusions
This contribution initiated a discussion regarding DL control channel design aspects related to UL MIMO with 64QAM. The exact design of required feedback channels cannot be made before we have agreed on the functionalities using the feedback, e.g. how much feedback is required, and how often is the feedback needed. Hence, further studies are needed before we can take any decisions.
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