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Introduction
Advanced CSI feedback provides rich channel knowledge that enables substantially improved spectral efficiency over Rel-13 CSI feedback.  This rich channel knowledge naturally comes at the cost of higher feedback overhead.  This contribution considers mechanisms that can support the large payloads needed for advanced CSI reporting.
[bookmark: _Ref426729914]Discussion
Advanced CSI components and payload sizes
[bookmark: _GoBack]As agreed in RAN1#86, the Rel-14 advanced CSI framework is based on the existing LTE dual codebook structure, with a wideband / long term component (‘W1’) and a frequency selective / short term component (‘W2’).  The principal difference in this framework from Rel-13 CSI reporting is that beams are coherently combined rather than being selected.  We summarize one proposal in this framework [1][2], considering the overhead needed for W1 and W2.   Other proposals in this framework are expected to require similar amounts of overhead.
The W1 design consists of:
· Beam selection: Provide an unconstrained selection of  orthogonal (2D) DFT beams in order to ensure that the selected beams correspond to the multi-path components of the channel. Hence, beam selection is not limited to select beams from a subset of beams.
· Beam power allocation: Setting the relative power level of the beams in the precoder so that the relative strength of the different multi-path components of the channel are taken into account.
· Beam space rotation: Rotating the orthogonal DFT basis from where beam selection is done in order to maximize the channel energy captured by the precoder, similar to oversampling.
The W2 design includes:
· Beam co-phasing: Co-phasing of the selected beams in .
We consider an example 32 antenna port design with the following conditions:
10 MHz carrier with  subbands
4 2D port layout
 times oversampling of the DFT beams in the first and second dimensions
 beams in W1
 bits identifying beam power in W1
 identifying beam co-phasing per subband in W2
 These components require the following overhead per cell or CSI process:
· For W1 (wideband):
· Beam selection + rotation:  bits 
· Beam power:  bits
· Total for W1 in the example = 16 bits
· For W2 (subband):  
· , assuming rank-2 report
· Total for W2 in the example = 270 bits

Observations:
· Advanced CSI W1 payloads are larger than Rel-13 i1, but not dramatically so.
· At most ~16 bits compared to 9 bit Rel-13 Class A PMI
· Advanced CSI W2 payloads are much larger than Rel-13 i2
· With 9 subbands, at most ~270 bits vs. 36 bits compared to Rel-13 4 bit i2
Mechanisms to carry advanced CSI
Candidates to carry W1+W2 for advanced CSI could be the following.  Note that we provide some initial views on RAN2 alternatives, but how to carry CSI on higher layers should be concluded in RAN2
· PUCCH
· Only PUCCH format 4, or perhaps format 5 in some lower overhead configurations, can provide large enough payloads.  Furthermore, the inability to support link adaptation / scheduling and HARQ will lead to substantially less efficient transmission of these large payloads.
· PUSCH
· Using PUSCH for CSI reporting is the most similar to Rel-13 of these alternatives.  However, new channel coding techniques such as turbo coding may be needed (especially for downlink carrier aggregation).  Also, gains from hybrid ARQ are not available.  Finally, CSI-only reporting on PUSCH will be inefficient unless it is enhanced to support adaptive modulation.
· MAC Control Element
· Carrying CSI on MAC is a modest conceptual change from what is supported in Rel-13, but has very little impact on physical layer design.  It brings nearly all the L1 spectral efficiency of PDSCH (excepting RLC retransmissions), supporting turbo coding, link adaptation, HARQ, and full scheduler flexibility.  Since MAC CEs already carry physical layer parameters (for example timing advance and power headroom), the impact on the MAC layer design should be minimal.  On the other hand, MAC CEs are piggy-backed onto UL-SCH, which is less suitable if there is little uplink data to transmit.
· RRC
· RRC already carries measurement reports, and so is natural to consider to carry CSI reports.  However, measurement reports are much less frequent than CSI feedback, and SRBs are not suited to carry the high overhead that advanced CSI reporting would impose.  For example, multiplexing in relatively large CSI payloads in with RRM signaling may delay the RRM signaling, degrading mobility performance.  Furthermore, RRC signaling has higher delays than MAC CE, which is a drawback for delay sensitive CSI. 

While W2 is well suited for higher layer signaling, W1 and other CSI parameters reported for advanced CSI could potentially be transmitted in L1 control signaling.  For example, if hybrid CSI reporting is considered for advanced CSI, then it is natural to consider reporting W1 independently of W2.  In such a case, W1 could be reported on PUCCH using at least PUCCH formats 3, 4, and 5, as well as on PUSCH.  However, since hybrid CSI reporting is essentially a CSI-RS overhead optimization feature, and since CSI-RS overhead is not a fundamental problem in Rel-14 (at least with CSI-RS reuse 1), this is not a motivation to report W1 independently of W2.  On the other hand, CSI feedback overhead for advanced CSI will often be much larger than in Rel-13, and so mechanisms for efficient transmission should be part of the design.

Observations:
· PUCCH is not suited to carrying hundreds of bits in an efficient manner.
· PUSCH could be modified to support larger payloads, but will require substantial change to do so, and may still be less spectrally efficient than carrying the CSI on higher layers.
· MAC Control Elements could be modified to carry CSI with relatively small effort while achieving nearly all the spectral efficiency of PDSCH.  However, it is less suitable if there is little uplink data to transmit.
· RRC is natural to consider, but its design may not be suited to carrying frequent, large, CSI payloads at low delay.

Proposal:
· Specify advanced CSI ‘W1’+’W2’ reporting using at least higher layer signaling
· Which, if any, CSI parameters are reported in UCI is FFS.
· Inform RAN2 that support for carrying advanced CSI in higher layer signaling is needed
· Such signaling should support payloads as large as [200-300] bits, and can and can be transmitted as frequently as every [5] ms.  
Conclusion
While W1 reporting for advanced CSI requires payloads that are not dramatically larger than Rel-13 PMI, W2 CSI feedback can require hundreds of bits.  This larger payload for W2 drives the need for new CSI feedback mechanisms.  Our observations on different alternatives to carry W1+W2 CSI can be summarized:
· PUCCH is not suited to carrying hundreds of bits in an efficient manner.
· PUSCH could be modified to support larger payloads, but will require substantial change to do so, and may still be less spectrally efficient than carrying the CSI on higher layers.
· MAC Control Elements could be modified to carry CSI with relatively small effort while achieving nearly all the spectral efficiency of PDSCH.  However, it is less suitable if there is little uplink data to transmit.
· RRC is natural to consider, but its design may not be suited to carrying frequent, large, CSI payloads at low delay.

Given these observations, we propose:

Proposal:
· Specify advanced CSI ‘W1’+’W2’ reporting using at least higher layer signaling
· Which, if any, CSI parameters are reported in UCI is FFS.
· Inform RAN2 that support for advanced CSI on UL-SCH is needed
· Such signaling should support payloads as large as [200-300] bits, and can be transmitted as frequently as every [5] ms.  
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