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On the lightweight, small payload CSI feedback
CSI feedback of Type I and Type II has been agreed where Type I is normal CSI feedback and Type II is Enhanced, giving higher spatial resolution compared to Type I. 
Looking at the CSI feedback payload, Type I, which is “Codebook-based PMI feedback with normal spatial resolution” is expected to be in the range of 30-100 bits per component carrier while it is expected that Type II, if codebook based, needs a significantly larger feedback payload, likely more than 150 information bits.
Both Type I and Type II thus creates a significant feedback overhead and such reports will be triggered either aperiodically or semi-persistently when the scheduler observes there is a significant amount of data to transmit to the UE, which transmission will extend across many TTIs. 
For small, rather infrequent packets, which are transmitted and completed in a single slot, there is no reason to trigger a detailed and full Type I/II CSI report. Moreover, for PDCCH link adaptation, it is useful to get a periodic and coarse CSI report from the UE to set the aggregation level correctly. This coarse CSI report have coarse channel information both spatially and in frequency, and since it is a periodic report, there should be low UE computation complexity. The design target for the coarse report is not primarily link adaptation for PDSCH, but a “stay alive” message. If more data arrives in the buffer, a detailed aperiodic CSI report can be triggered. 
[bookmark: _Toc471374583]There is a need for a lightweight (low payload) CSI report, which has coarse spatial and frequency resolution, used for e.g. direct transmission of small PDSCH packets (low scheduling latency) and for PDCCH link adaptation. 
In LTE, such lightweight reports exist to fit into the 11 bit LTE PUCCH format. However, the starting point for the LTE design has been a Type I report with normal feedback and then this large report has been squeezed down to 11 bits by codebook subsampling and by spreading one report across several periodic transmission instances. This worked well in the early LTe releases but with introduction of more MIMO antenna ports and advanced features, this has led to 10 different CSI report types (plus sub-types) for PUCCH, very complicated specifications, inter subframe dependencies between RI and PTI etc.  Spreading out a CSI report over multiple transmission instances are prone to error propagation if one of the sub-reports are lost so the LTE design is not very robust. 
Moreover, the codebook subsampling to reduce CSI overhead may work rather well for 4 CSI-RS ports as in early LTE releases, but for a larger number of CSI-RS ports the beams are very narrow and codebook subsampling that leads to beam subsampling may lead to “blind directions” and thus poor performance. Additionally, even if subsampling is used, the UE still need to estimate the channel from all the (up to 32 or 64) CSI-RS ports for the lightweight PUCCH report, which leads to unnecessary UE complexity and UE power consumption.  
For a spatially coarse CSI report, it is more natural to use a CSI-RS with few ports, having wider beams per port instead of using the full [8-32] port CSI-RS and using codebook subsampling to reduce payload. Using a few ports for the lightweight report, although the gNB supports many ports, transfers the task of providing dimension reduction to the gNB implementation and the computational burden on the UE is kept low. 
Moreover, since the report is coarse and the intention is not to provide CSI for accurate link adaptation (for which aperiodically triggered Type I and Type II can be used, on demand), there is no need for per subband CSI feedback. A wideband CSI report is sufficient for the lightweight CSI report on PUCCH.
[bookmark: _Toc471374584]In LTE, the specification of CSI reporting over PUCCH lead to very complicated specification using 10+ different CSI report types to spread a CSI report across multiple subframes, leading to subframe dependencies, design of codebook subsampling and per subband CSI reporting. The benefit of this framework relative to a simple 2 port wideband CSI feedback is questionable and such complex design should be avoided in NR   
Based on these observations, we make the following proposals for a simple lightweight CSI report in NR:
[bookmark: _Toc471374436][bookmark: _Toc471374585]A PUCCH CSI report is contained within a single slot, i.e. splitting CSI content across multiple slots by introducing many different report types as was done in LTE PUCCH is avoided
[bookmark: _Toc471374437][bookmark: _Toc471374586]The full and detailed CSI reports of Type I and Type II for >2 layers, large number of CSI-RS ports and for subband CSI are only mapped to PUSCH, not PUCCH as the latter is intended to provide a coarse CSI report only
[bookmark: _Toc471374438][bookmark: _Toc471374587]Codebook subsampling is not supported for PUCCH, i.e. only a few [2] CSI-RS ports is supported for PUCCH reporting.
[bookmark: _Toc471374439][bookmark: _Toc471374588]Support a coarse and lightweight CSI report “Type 0”, which is wideband, use [2] CSI-RS ports, either TxD or small codebook, typically used for periodic CSI reporting using PUCCH.  
[bookmark: _GoBack]Note that the “Type 0” report is already part of the current agreed CSI framework using Type I, so there is no additional need to agree on or introduce a Type 0, the point we want to make here is that RAN1 need not take the route of special design discussing for squeezing a full Type I/II report into the NR PUCCH payload (whatever that will be).  Instead, only those Type I CSI measurement settings for which the resulting payload allows a self-contained (single slot) report, can be used for the PUCCH reporting. 

Conclusions
Based on the discussion in this contribution we propose the following 
Proposal 1	A PUCCH CSI report is contained within a single slot, i.e. splitting CSI content across multiple slots by introducing many different report types as was done in LTE PUCCH is avoided
Proposal 2	The full and detailed CSI reports of Type I and Type II for >2 layers, large number of CSI-RS ports and for subband CSI are only mapped to PUSCH, not PUCCH as the latter is intended to provide a coarse CSI report only
Proposal 3	Codebook subsampling is not supported for PUCCH, i.e. only a few [2] CSI-RS ports is supported for PUCCH reporting.
Proposal 4	Support a coarse and lightweight CSI report “Type 0”, which is wideband, use [2] CSI-RS ports, either TxD or small codebook, typically used for periodic CSI reporting using PUCCH.
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