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1 Introduction
In this contribution we discuss aspects of CSI reporting for FD-MIMO.   

2 CSI Reporting types for FD-MIMO
LTE supports two different types of CSI reports – aperiodic reports on PUSCH triggered by an UL grant and periodic reports on PUCCH. Since aperiodic reports are dynamically scheduled, rather large payloads and hence detailed reports can be supported. In contrast, PUCCH is efficient in terms of requiring limited resources but at the same time constitutes a very narrow data pipe for which considerably coarser reports are more appropriate. 

Typically, not that many UEs are simultaneously receiving data in a subframe. But many UEs can be in an active state simultaneously. Letting all UEs in active state transmit detailed CSI reports would not be feasible from an overhead perspective, not to mention from a DRX point of view. Such an operation would be highly inefficient considering the few UEs that actually simultaneously receive data. Instead, coarse reports in time and frequency are fed back by utilizing PUCCH based reporting which requires relatively little resources and can thus sustain a large number of UEs provided the period is set long enough. This only gives a rough measure of the CSI so the coarse PUCCH based reports are therefore complemented with more detailed CSI reports a short while after the UE starts being scheduled. The LTE CSI feedback concept is highly efficient and scalable with the number of active UEs in the cell and thus remains an attractive solution also for FD-MIMO.
Observation

· Rel-8 aperiodic/periodic CSI feedback types remains highly efficient also for FD-MIMO
· Detailed CSI feedback on aperiodic CSI on PUSCH

· Coarse CSI feedback on the narrow data pipe of PUCCH
Coarse reporting on PUCCH refers to time as well as frequency. In other words, wideband reporting with a long period is typically used. The coarseness may for LTE be extended also to the spatial domain by subsampling the precoder codebook(s) so that both precoders 
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 fit in the same subframe. A simple approach would for example be to fix the second precoder 
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 for PUCCH., thus ensuring that the coverage of the PUCCH reporting is as good as in Rel-8 for 4 Tx.
Proposal

· Perform subsampling of the codebook(s) on PUCCH  for maintaining the coverage of CSI on PUCCH which anyway can only support coarse reports

Proposal

· Possible to report 
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in the same subframe using subsampling of codebooks to maintain control signaling coverage
Reporting of 
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 in different subframes on the other hand is challenging considering

· The risk for error propagation

· Complicated operation with respect to RI which is already reported in a separate subframe in Rel-8

Typically 
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 would be updated at a slow rate, while 
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 would be updated considerably faster. But if 
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 is in error because of an error in receiving the PUCCH, a long period worth of PUCCH reports are automatically lost since the reports for 
[image: image11.wmf]2

W

 and CQI are dependent on first receiving 
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 . Since the impact of this error event is substantial, 
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needs to be heavily protected so that the error event rarely occurs. The situation is a bit similar to the reporting of RI in Rel-8 which is also reported in a separate subframe and is heavily protected. A major difference is however that the RI is only two bits which allows a strong protection while the payload size for 
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 could be substantially larger thus preventing a strong protection, particularly on the cell-edge where the CSI reports are most useful. Subsampling of the 
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 codebook again provides a remedy since this allows the payload size for 
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 to be brought down to a similar level as for Rel-8.

Observation

· Reporting 
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 in different subframes on PUCCH appears tricky because of error propagation and interaction with RI reporting and such PUCCH modes should be avoided
· Remedies include performing subsampling of 
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 codebook so that it achieves similar coverage as RI in Rel-8

Triggered presence of CSI-RS 

As discussed in the TR 36.897, Section 6.2.1.1, an aperiodic CSI-RS presence can be beneficial for FD-MIMO. Hence, the UE shall assume that the CSI-RS resource belonging to a CSI process is present only when triggered by the eNB to measure on this resource, i.e. by the uplink grant. The actual NZP CSI-RS and CSI-IM measurement instances are controlled by the eNB. This gives a great flexibility to the network to handle CSI-RS of arrays with a large number of TXRUs. 

The aperiodic CSI report, which provides detailed CSI information at the cost of uplink bandwidth, is triggered whenever the DL data buffer for a UE is non-empty. The CSI-RS resources used for this detailed, aperiodic, reporting could provide more details than the CSI-RS resources associated with a periodic report, e.g. by having a low periodicity. There may also be possibility for UE power savings since UE will not need to measure the detailed aperiodic CSI unless it is triggered to do so, i.e. when there data in the buffer. 

The UE shall only assume that the resources associated with aperiodic CSI reporting are present when triggered by the UL grant. This allows also different UEs to share the same NZP CSI-RS resource used for aperiodic CSI reporting, under one single ZP CSI-RS “cover”, hence pooling of resources associated with aperiodic CSI-RS is obtained.

Proposal: Introduce possibility to have separate CSI-RS resources for periodic and aperiodic CSI reporting within a CSI process and introduce a triggered presence of the CSI-RS resources associated with aperiodic CSI reporting.
Note that the concept of triggered presence of CSI-RS is already being discussed in the LAA WI. There the UE assumes that the ZP CSI-RS, etc. are configured and transmitted periodically as in Rel-12. The UE can only perform measurements on NZP CSI-RS and CSI-IM if the eNB has been successful with the listen before talk (LBT) and due to this it is clear that the availablility of such resource would in practice be aperiodic.

PUCCH formats

Since FD-MIMO relies on good downlink channel knowledge to boost the DL throughput, it is reasonable that the uplink UCI payload increases somewhat to support the DL. However, design of new PUCCH formats should be avoided. 

The use of PUCCH Format 3, which can support up to 22 bits payload, could be re-used for FD-MIMO operation in case PUCCH formats 2/2a/2b couldn’t support the UCI with reasonable good performance after codebook subsampling. 

Proposal: Consider the use of PUCCH Format 3 for periodic CSI feedback in FD-MIMO.
3 Conclusion

We propose the following:

Proposals
· Perform subsampling of the codebook(s) on PUCCH  for maintaining the coverage of CSI on PUCCH which anyway can only support coarse reports
· Possible to report 
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in the same subframe using subsampling of codebooks to maintain control signaling coverage
· Introduce possibility to have separate CSI-RS resources for periodic and aperiodic CSI reporting within a CSI process and introduce a triggered presence of the CSI-RS resources associated with aperiodic CSI reporting.
· Consider the use of PUCCH Format 3 for periodic CSI feedback in FD-MIMO.
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