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1 Introduction
MIMO operation is very critical to the success of  LTE as it could bring high peak rate for individual UE, the overall improvement of system throughput and increased coverage. According to MIMO operation adopted by the LTE, some feedbacks are needed from UE to the NodeB in order to guarantee good MIMO system performance. Among a number of feedbacks, channel quality indicator (CQI) should be transmitted at all the time as it can be used to determine MCS level as well as for frequency scheduling.  In addition to CQI feedback, for low mobility UE, the rank of MIMO channel and precoding matrix index (PMI) should be feedback to allow the operations of rank adaptation and precoding. When UE speed increases to beyond certain point, like 30 km/hr, it is shown from various study that PMI feedback is not accurate anymore, however, it is shown in ‎[1] that the rank feedback is still very beneficial to allow the implementation of rank adaptation for medium and high mobility UE. 

MIMO feedback channel design has been the focus for the last several meetings. Difference schemes have been put on the table to feedback CQI, rank, PMI and ACK/NACK. The main principles behind such designs are to maintain good performance of MIMO operation while use small feedback resource as much as possible. In ‎[2], a scheme is proposed which jointly feedback CQI, rank and PMI based on a Best-M method. In ‎[3] a joint CQI/PMI feedback scheme was proposed and in ‎[4] joint coding of CQI and ACK is analyzed. In ‎[5], it was suggested to use longer and reliable rank feedback to avoid the bind detection of PMI/CQI. In ‎[6] - ‎[8], rank and PMI feedback were studied by system level simulation and it suggested to separate rank feedback from CQI/PMI feedback and use different feedback rates for them. 
In this contribution, brief discussions are conducted and our view are expressed in terms of how to design a good feedback channel. We feel that the rank feedback should be separated from CQI/PMI feedback and the feedback rates for them should be different. That will not only benefit the closed-loop MIMO system, but also allow the implementation of rank adaptation for open-loop MIMO system, where PMI feedback may not exist.  
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2 MIMO Feedback Channel Design Consideration
Among different feedbacks, it is believed that CQI and PMI are more affected by the instantaneous channel variation while rank changes at a relatively slow pace. It is shown in the study reported in  ‎[7]
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‎[8] that appropriate feedback rate of rank is in the order of 10 ms, while those for CQI/PMI are in the order of 2 ms to 5 ms range. So the feedback granularity of rank and those of CQI/PMI is different in time domain. On the other side, the granularity of rank and CQI/PMI feedback in frequency domain is also different as one feedback per bandwidth is agreed for rank feedback while for PMI and CQI, one feedback is required for a group of RBs.  With those taken into consideration, it is therefore more appropriate to feedback rank separated from the feedback of CQI/PMI.  In ‎[5], it is also suggested to feedback rank in a longer but more reliable way,  then by correctly decoding the rank information, the CQI/PMI feedback resource can be allocated accordingly, thus to avoid blind detection of CQI/PMI. 
The above analysis and observation were based on closed-loop MIMO simulation, where mobility of UE is low.  For UE with medium or high mobility, it is believed that PMI feedback is not useful due to the aging of the channel, and therefore, may not need to be feedback. This will lead to either saving on feedback resource or transmit power reduction by using more robust channel coding if the same feedback resource is used. However, through system level simulation reported in ‎[1], it is noticed that rank adaptation will still benefit both the system throughput and the coverage, and thus should still be implemented.  According to ‎[1], rank feedback for open-loop could be in the range of several TTI, which is similar to that for the closed-loop. To reduce complexity, it is preferable to use the similar procedure of rank adaptation for both closed-loop and open-loop. Separating rank feedback from those of CQI/PMI would allow rank feedback design un-affected in open-loop when PMI feedback could be absent. 

In summary, separate the rank feedback from CQI/PMI could benefit the following aspects
1. Allow different rates for rank feedback and CQI/PMI feedback and save on feedback resource.
2. Allow more reliable rank feedback design, and therefore by properly decoding the rank information, lead to proper CQI/PMI feedback resource allocation to avoid blind detection

3. Allow the use of same rank feedback design for both closed-loop and open-loop rank adaptation.
3 Conclusions
From the analysis and discussion presented in this contribution, it is believed that separating the rank reporting from CQI/PMI reporting and feedback them with different rates would benefit not only the closed-loop but also the open-loop rank adaptation. 
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