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1 Introduction
In RAN1#80bis, the following conclusion was made regarding FD-MIMO without PMI in TDD:
Conclusions:

· The following enhancements related to non-codebook based CSI reporting for TDD can be considered:
· Two schemes of CSI feedback (including RI and CQI) without PMI 

· RI and CQI based on beamformed CSI-RS

· RI based on long term non-precoded CSI-RS.  CQI based on short term beamformed CSI-RS

· Capture the evaluation results under this category in the TR.

· Other enhancements are not precluded. 

· Companies are encouraged to bring evaluation results for enhancements on CSI feedback without PMI for TDD until RAN1 #81 meeting
While it is natural to exploit reciprocity in TDD, reciprocity in FD-MIMO has new behaviors and may require new mechanisms, such as beamformed CSI-RS enhancements.  In this contribution, we discuss FD-MIMO operation in TDD without PMI, considering issues such as overhead, performance, and commonality of beamformed CSI-RS with FDD.
2 Discussion 

Since beamformed CSI-RS is key to operation without PMI for TDD, as will be discussed below, it may be worthwhile to first clarify the definition of ‘CSI feedback without PMI’ in the case of beamformed CSI-RS.  If short term PMI feedback, such as polarization cophasing  is provided, this is clearly PMI feedback.  However, if the UE is configured to provide physical layer feedback that selects a strongest (beamformed) CSI-RS, provides a beam index, etc, it may be questioned if this is PMI feedback.   In our view, it is equivalent to PMI, and should be considered PMI feedback.

TDD schemes without PMI exploit reciprocity in some way in order to determine downlink precoding.  Both long term and short term reciprocity are generally used. For example long term measurements can be used to determine precoding weights for correlated elements to form beams, and short term measurements can be used to determine precoding weights for e.g. cross polarized elements.

A problem arising with reciprocity is that TDD schemes without PMI can calculate CQI assuming transmit diversity is used at the eNB.  Since array gain is not accounted for, this CQI feedback is therefore increasingly less accurate in FD-MIMO systems as the number of precoded elements and array gain increases.   This can be overcome with beamformed CSI-RS, since the precoding can be directly measured by the UE.

When the number of UEs requiring CSI feedback in a subframe is small relative to the number of elements in the antenna array, UE specific beamformed CSI-RS can require less CSI-RS overhead than non-precoded CSI-RS.  However, if this is not the case, TDD schemes without PMI using beamformed CSI-RS can have more CSI-RS overhead than schemes using non-precoded CSI-RS.  In this case, non-precoded CSI-RS may be attractive for TDD.
A UE can accurately determine CQI by measuring a small number of beamformed CSI-RS ports, say 2 or 4.  In this case, relatively low PMI overhead is needed; roughly 2 or 4 bits per subband.  Since beamformed CSI-RS generally assumes that only a few UEs are transmitting at any given time, it is not clear how significant the overhead savings are from eliminating PMI in this case.   Furthermore, if co-phasing PMI is not taken into account in CQI feedback, the CQI feedback is less accurate, especially in the case of frequency selective PMI and CQI.
Another possiblity is to determine RI using long term channel measurements and CQI or PMI using short term measurements.  In this case, it may be possible to transmit only one UE specific CSI-RS port per UE when its channel rank stays at one for long enough periods.  Since the cross polarized arrays assumed in FD-MIMO tend to be relatively well decorrelated, any variation in rank is likely to be driven by fading, and vary more with time than, say, closely spaced elements.  Therefore, it is not obvious how quickly the RI will have to change.  Also,  in order for there to be significant benefit, the channel rank must be one for many of the UEs, which is not clear for FD-MIMO systems[1].  Finally, since CQI and RI are interdependent, reporting them independently will have some amount of performance loss, especially if the RS they are measured on are transmitted using different precoding.
Finally, we note that beamformed CSI-RS can be useful for FDD as well as TDD, since CSI-RS precoding can be determined from long term downlink measurements e.g. using discovery RS or reciprocity.  Given the similar use case, it seems appropriate to have a common mechanism and behaviors between FDD and TDD for the support of beamformed CSI-RS.
Observations:

· ‘CSI feedback without PMI’ should exclude cases where any precoding is selected using physical layer feedback

· ‘Beam selection’ or ‘CSI-RS selection’ feedback on PUCCH/PUSCH should be considered as PMI feedback.

· Beamformed CSI-RS can increase CSI accuracy for reciprocity-based precoding in TDD FD-MIMO systems by allowing the UE to properly account for element virtualization.

· Beamformed CSI-RS can reduce CSI-RS overhead only when the number of UEs requiring CSI feedback in a subframe is sufficiently small relative to the number of elements in the array.

· PMI overhead for beamformed CSI-RS tends to be relatively small.

· Reporting RI much more slowly than CQI will have some impact on performance, and may be difficult to use to reduce CSI-RS overhead.

· Since FDD and TDD use cases for beamformed CSI-RS are similar, FD-MIMO designs should target common mechanisms and behaviors.

Proposal:

· FD-MIMO designs for beamformed CSI-RS should target common mechanisms for FDD and TDD, using PMI, RI, and CQI
3 Conclusion
In this contribution, we have discussed FD-MIMO operation in TDD without PMI, considering issues such as overhead, performance, and commonality of beamformed CSI-RS with FDD.  We make the following observations and proposal:
Observations:

· CSI feedback without PMI’ should exclude cases where any precoding is selected using physical layer feedback

· ‘Beam selection’ or ‘CSI-RS selection’ feedback on PUCCH/PUSCH should be considered as PMI feedback.

· Beamformed CSI-RS is key to TDD operation in FD-MIMO and for FDD with large antenna arrays.
· When beamformed CSI-RS is used, the benefits of operation without PMI are not yet clear.
· Since FDD and TDD use cases for beamformed CSI-RS are similar, FD-MIMO designs should target common mechanisms and behaviors.
Proposal:

· FD-MIMO designs for beamformed CSI-RS should target common mechanisms for FDD and TDD, using PMI, RI, and CQI 
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