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1. Introduction

The work item on elevation beamforming and full dimension MIMO was approved in the 3GPP RAN#68 meeting [1]. CSI feedback is an essential enhancement aspect to acquire the gain of FD MIMO. The CSI feedback enhancement in the WI is described below:

· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

In our companion contribution [3], the CSI feedback framework for beamformed CSI-RS is discussed, and beam index (BI) report based on multiple CSI-RS resources is proposed to be supported in Rel-13. In this contribution, we discuss the aperiodic CSI feedback via PUSCH to support BI report for beamformed CSI-RS.

2. Discussion
As the feedback framework described in [3], UE is configured with multiple CSI-RS resources associated with different weights. UE would measure the CSI-RS resources and report the proposed resource index as BI, along with the CSI corresponding to the reported resource. Since the RI/PMI/CQI feedback can remain the same as Rel-12, the main enhancement of this framework is the BI report. In this section, we discuss the details for aperiodic BI report via PUSCH with the principle of minimizing specification impact and feedback overhead.
2.1. Size and number of reported BI on PUSCH
As analyzed in [4], BI of at most two bits size can provide a good tradeoff among performance, overhead and flexibility. It is natural to also apply the size for aperiodic feedback. Since PUSCH can carry larger UCI　payload than PUCCH, it seems possible to support multi-BI report in PUSCH. Nevertheless, as discussed in [4], the benefit to support multi-BI report is not so clear. If only single BI is supported in PUCCH, report of multiple BIs in PUSCH can only provide very limited information. To reduce the UCI payload, it is proposed that the same number of BI as periodic report is supported for aperiodic report.
Proposal 1: The size and the number of BI report for one CSI-process is the same for periodic and aperiodic feedback.
2.2. CSI triggering for BI and CSI in one cell
When UE is triggered for aperiodic CSI report and a CSI-process for beamformed CSI-RS is configured, UE may report BI or CSI corresponding to reported BI or both. The possible feedback schemes are discussed below.
Alt.1: BI and corresponding CSI are always reported jointly (single triggering)
In addition to current CSI, UE would also report a BI in the same PUSCH after CSI triggering. eNB can acquire BI and CSI for DL transmission via single CSI trigging. The triggering signaling in Rel-12 can be fully reused. Since the UCI payload is increased, the detection performance of PUSCH and legacy UCI may be impacted. Another issue is how to multiplex BI and CSI in the same PUSCH.

Alt.2: BI is reported separately from corresponding CSI (multiple triggering)
Additional aperiodic triggering for BI is needed if BI is separately reported. When CSI report is triggered, UE would report CSI associated with the latest reported BI in PUSCH. At least one more bit should be added to the DCI for CSI triggering to inform UE whether BI or CSI is reported. This scheme may also increase the latency of CSI report. The transmission scheme for individual BI, e.g. channel coding and channel interleaver, needs to be defined. On the other hand, the BI report can be very reliable with low payload, and the report for RI/PMI/CQI will not be impacted.
Alt.3: BI can be reported independently or jointly with corresponding CSI (both)
If alt.1 and alt.2 are both supported, eNB can flexibly trigger required BI and/or CSI report. More bits are needed in the DCI for CSI triggering to indicate the reported content. Also, three UCI transmission schemes should be supported in PUSCH: BI only, CSI only, BI and CSI. The channel coding and channel interleaver would vary with different payload, which brings additional complexity at UE. 
Based on the above analysis, Alt.1 is preferred from the aspects of UE complexity, impact to DCI design and CSI latency. Since only few bits are transmitted for BI, the impact to PUSCH detection is very small, and can be compensated by link adaption. The design details of UCI transmission with both BI and CSI are discussed in section 2.4.
Proposal 2: UE would report BI along with corresponding CSI after triggering of CSI report for a CSI-process for beamformed CSI-RS.

2.3. Support for CA/CoMP
If multiple CSI-processes are configured for different CCs or TPs in case of CA/CoMP, each CSI-process may be used for either beamformed CSI-RS or non-precoded CSI-RS. UE can be aware of the CSI-process type via additional type indication for each process or via the number of CSI-RS resources within a process. Then the aperiodic triggering signaling in Rel-12 can be reused to trigger CSI report for a CSI-process set configured by higher layer. For each CSI-process in the triggered set, UE would report BI and CSI (for beamformed CSI-RS) or only CSI (for non-precoded CSI-RS) according to the CSI-process type. The BI/CSI report for different processes can be concatenated following the same rule in Rel-12.
Proposal 3: For CA/CoMP with FD MIMO, the CSI triggering signaling and report mechanism in Rel-12 is reused. 
· UE would report the corresponding CSI and possible BI according to the CSI-process type of each triggered CSI-process.

· The BI/CSI of different CSI-processes is concatenated following the same rule in Rel-12.
2.4. CSI multiplexing and transmission
Assuming the size of BI is not larger than 2 bits, it is straightforward that the channel coding process of BI can be similar to that of RI. If BI alone is reported, the channel interleaver process of RI can also be reused for BI. If BI and CSI are reported together, the multiplexing of BI and CSI should be carefully considered. On one hand, the detection performance of BI should be comparable to or better than that of RI. On the other hand, the impact to detection performance of PUSCH and transmission process of other UCI should be minimized. To meet the requirements, BI can be transmitted in separate OFDM symbols from A/N and RI. As shown in Figure 1, BI can be transmitted in symbol {0, 6, 7, 13} which were not used for UCI transmission in Rel-12. In this case, the transmission of other UCI would not be impacted by BI report. The detection performance of BI can be ensured via configuration of 
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Figure 1 Multiplexing of BI and RI after channel coding
Proposal 4: The same channel coding process as RI is used for BI. 
Proposal 5: BI is interleaved with data to occupy the symbol {0, 6, 7, 13} as shown in Figure 1 if BI is reported together with corresponding CSI.
3. Conclusion
In this contribution, we discuss the design of aperiodic CSI feedback to support BI report. Based on the same assumption of BI size and BI number as periodic feedback, we discuss the report mechanism and transmission process of BI and corresponding CSI in case of aperiodic triggering. The multiplexing of BI and other UCI is also discussed. To summarize, we propose that:
Proposal 1: The size and the number of BI report for one CSI-process is the same for periodic and aperiodic feedback.
Proposal 2: UE would report BI along with corresponding CSI after triggering of CSI report for a CSI-process for beamformed CSI-RS.
Proposal 3: For CA/CoMP with FD MIMO, the CSI triggering signaling and report mechanism in Rel-12 is reused. 

· UE would report the corresponding CSI and possible BI according to the CSI-process type of each triggered CSI-process.

· The BI/CSI of different CSI-processes is concatenated following the same rule in Rel-12.
Proposal 4: The same channel coding process as RI is used for BI. 

Proposal 5: BI is interleaved with data to occupy the symbol {0, 6, 7, 13} as shown in Figure 1 if BI is reported together with corresponding CSI.
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