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Introduction
In RAN1#89 meeting, the Type I and Type II codebooks have been agreed.  Details on CSI feedback via UL channels, i.e. PUCCH and PUSCH, are open for further study [1]:
· Support following features for NR CSI acquisition
· CSI reporting via short duration PUCCH
· FFS on detailed setting in CSI reporting setting
· CSI reporting via long duration PUCCH
· FFS on detailed setting in CSI reporting setting
· PUCCH reporting which is contained in a single slot
· FFS on PUCCH reporting which is contained in multiple slots
In NR, the PUCCH design is yet completed, but more flexibility compared with LTE’s PUCCH design can be foreseen.  Meanwhile it was in the agreement that CSI reporting vis short or long duration PUCCH design needs to be supported.  In this contribution, we present our view on design aspects of CSI reporting via PUCCH.  Both short and long duration PUCCH, single- and multi-slot PUCCH reporting are considered.
Periodic and Semi-persistent CSI via PUCCH
Use case of periodic and semi-persistent CSI
In LTE, PUCCH is used for periodic or semi-persistence CSI (P-CSI and SP-CSI) reporting.  In case of supporting P-CSI and SP-CSI in NR, a more general question is the use case of P/SP-CSI for NR-MIMO, which would impact on feedback details.  
For P-CSI, a periodically feedback of CSI on PUCCH is carried in LTE with a pre-configured PUCCH mode.  The general purpose of P-CSI is for link maintenance that assist the base station to monitor the link quality of the UE.  It can also provide low resolution CSI that satisfy the need of certain type of traffic, such as voice traffic.  
For SP-CSI, the main use case is to provide flexibility in supporting traffics with known duration.  Also, the CSI feedback quality could be improved at least compared with P-CSI reporting.  Another benefit of SP-CSI is to reduce the CSI-RS overhead and UE complexity with on-demand requirement of CSI feedback.  That means for P-CSI reporting, the CSI-RS and CSI feedback with fewer number ports needs to be transmitted and reported.  The full CSI-RS ports are enabled only after SP-CSI is activated. 
According to the use case of P-CSI, it can be indicated that P-CSI in general provides a CSI feedback that meet the minimum required quality.  To guarantee the link maintenance quality, an “always-on” P-CSI feedback is needed.  In avoidance of high UE complexity and feedback overhead for such “always-on” feedback, limited payload size has always been considered for P-CSI.  To restrict the payload size of P-CSI, in LTE, wideband PMI feedback is widely used for P-CSI feedback.  In our views, wideband PMI feedback should be the starting point of P-CSI feedback in NR.  From CSI feedback performance perspective, subband feedback can provide some benefit, especially when large angular spread of the channel is observed from UE side. 
[bookmark: _Toc485460857]Proposal 1:	Wideband feedback of PMI/CQI should be supported as a starting point of P-CSI. 
[bookmark: _Toc485460858]Proposal 2:	Subband feedback of PMI/CQI can be considered in P-CSI to adapt different channel characteristic (i.e. large ASD).
A SP-CSI reporting can be activated/deactivated by dynamic signaling, e.g., MAC CE or DCI.  For MAC-CE based approach, the associated ACK feedback can acknowledge the reception of the on/off command.  For DCI based indication, the success of reception of DCI activation/deactivation signalling could be based on the detection of 1st CSI feedback.  However, for CSI feedback on PUCCH, it is likely that there’s no or just few bits of CRC for error detection.  In this case, the robustness of packet transmission detection is unclear.  Therefore, we propose that PUCCH based SP-CSI reporting is activated/deactivated by MAC-CE.
[bookmark: _Toc485460859]Proposal 3: 	SP-CSI reporting via PUCCH is activated/deactivated by MAC-CE.
In NR-MIMO, both Type-I and Type-II CSI feedback are supported.  The payload size of Type-II CSI is from tens to hundreds based on the codebook parameters.  To make the Type-II CSI payload size acceptable for PUCCH, some restriction to the codebook is needed for CSI feedback on PUCCH.  It was specified in LTE Rel.14 advanced CSI reporting with a simplified version of codebook when CSI is feedback on PUCCH.  In NR-MIMO, unless PUCCH payload is sufficient in supporting Type-II CSI, the limitation to the parameters, such as linear combination beam numbers L, and utilizing wideband only amplitude may be considered. 
[bookmark: _Toc485460860]Proposal 4: 	If Type-II CSI is configured, the parameters shall be limited to reduce UE complexity and feedback overhead for P-CSI.
Single-slot P/SP-CSI feedback
It was agreed that single-slot PUCCH feedback should be supported for CSI feedback.  Although single-slot PUCCH has limitation on the supported payload size, there are potential advantages such as avoiding designing different PUCCH report types and complicated collision rules.  The problem of PUCCH based CSI feedback is mainly of its limited payload size.  Unless sufficient payload size is supported, wideband feedback is more preferable in single-slot P/SP-CSI feedback on PUCCH. 
It was mentioned in [2] that the joint encoding of multiple CSI feedback parameters needs to be considered.  As an extreme case, all CSI parameters are multiplexed together and employs single packet encoding.  This is more suitable for single-slot P/SP-CSI feedback especially, when only one PUCCH resource is contained in a slot. 
[bookmark: _Toc485460851]Observation 1: 	For single-slot PUCCH with limited payload supports, single packet encoding of all CSI parameters is more efficient. 
One particular issue of such single packet coding is the payload size ambiguity due to different CRI/RI and the associated PMI/CQI size.  We have identified at least three approaches to deal with the issue.
· Option-1	Codebook subsampling(pre-defined) or codebook subset restriction(configuration): reduce overhead of certain CRI/RI that resolve or minimize the ambiguity, without significant performance loss
· Option-2	Joint coding of multiple CRI/RI: LTE Rel.10 like joint coding of multiple rank and PMI 
· Option-3	Padding bits for low payload size
To meet the requirement, the above three options can work individually or jointly.  However, for joint coding of multiple CRI/RI/PMI/CQI, the issue for NR-MIMO is the diverse in the PMI/CQI size for different CRI/RI complicates the definition of such joint coding table.  In fact, the payload size difference for ranks below 4 is small according to the concurrent Type I CSI feedback design, at least when wideband PMI is configured.  For ranks above 4, multiple CQI feedback requires more payload size.  One can consider to use Option-3 to avoid performance loss due to extensive codebook subsampling.  To fully exploit the coding gain from padded bits, the padded bits may be treated as “known a priori bits” in the 2nd round decoding after 1st round decoding that determines CRI/RI bits.
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Figure 1: Illustration of payload size ambiguity and solutions
[bookmark: _Toc485460861]Proposal 5:	Single packet encoding of all CSI parameters should be supported for single PUCCH resource per slot feedback.
[bookmark: _Toc485460862]Proposal 6: 	Resolve payload size ambiguity for single packet encoded CSI.
Multi-slot P/SP-CSI feedback
In contrast to single-slot PUCCH, the CSI parameters are separated into multiple reporting slots when multiple slot PUCCH is utilized.  In LTE, multiple PUCCH types which contain different CSI parameters are developed and the priority between PUCCH types are defined.  Meanwhile different PUCCH feedback modes were defined to support different CSI feedback resolutions on spatial, time or frequency domain.  For P/SP-CSI in NR, it seems straight forward to leverage most of the designs from LTE with few modifications.  However, too many PUCCH feedback modes and PUCCH types should be avoided for simplicity. 
Another difference for NR is that the flexibility of PUCCH is improved. Multiple PUCCH resources could be allocated to UE with different periodicity or different bandwidth support.  For example, long duration PUCCH transmitted only in UL-centric slot can have larger payload and better protection capability, short duration PUCCH can be transmitted in every slot with limited payload support.  One possible design is to place different PUCCH types on different PUCCH resources which take the advantage of each PUCCH resource.  As illustrated below, long duration PUCCH can be used to carry long-term feedback like CRI/RI/W1 and short duration PUCCH can be used to carry short term feedback like W2/CQI.
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Figure 2: Different PUCCH types allocated on different PUCCH resources
Another issue with subband level W2/CQI feedback in LTE is that only single subband feedback is allowed per slot.  This will increase the periodicity of CSI feedback.  In fact, the if the payload size is sufficient in PUCCH, multiple slots can be considered to feedback simultaneously, which reduce the overall delay needs to sweep the full bandwidth.  The number of supported subband size could be depended by the associated PUCCH resources.
[bookmark: _Toc485460863]Proposal 7:	Reduce the number of PUCCH report types and PUCCH modes in NR.
[bookmark: _Toc485460864]Proposal 8:	Consider of short/long duration PUCCH time and frequency domain behaviour and supported payload size in multiple slot CSI feedback design in NR.
Aperiodic CSI via PUCCH
In LTE, aperiodic CSI reporting is always carried in PUSCH.  There’re several considerations for that.  Firstly, the PUCCH and PUSCH cannot be simultaneously transmitted in the same subframe due to DFT-S-OFDM contiguous band allocation.  Secondly, multiple subband can be carried in a single A-CSI reporting will easily exceed the limitations of PUCCH.  
In NR, joint transmission of PUSCH and PUCCH can be supported based on latest short/long duration PUCCH design.  It is observed from many aspects that A-CSI on PUSCH has its own disadvantage of PUCCH based A-CSI.
· PUSCH is only available in slots with long UL duration, such as UL-centric slot. If the on-demand triggering of A-CSI is needed on DL-centric slot, only short duration PUCCH is capable of supporting A-CSI feedback.
· The piggy-back functionality of A-CSI on PUSCH is usually transmitted together with UL data.  If A-CSI only feedback is enabled without UL data available, new DL control signaling needs to be developed that limit the DL control channel capacity.  Otherwise the gNB has to hold the A-CSI triggering until UL data is available, which means network cannot get CSI timely.
· Piggy-back A-CSI on PUSCH will occupying the bandwidth of UL data transmission, which may sacrifice the UL data throughput performance especially when the payload size of A-CSI is large (e.g. Type-II CSI payload size can be up to hundreds of bits).
[bookmark: _Toc485460852]Observation 2:	Aperiodic CSI feedback on PUCCH can be considered in NR.
Aperiodic CSI reporting can be conveyed by single- or multi-slot PUCCH.  Since the payload size of a PUCCH within a single-slot is limited, multiple slots of PUCCH can be jointly configured and utilized for A-CSI feedback.  Some use cases for A-CSI on single- or multi-slot PUCCH are identified as follows.
· When the A-CSI feedback of a light-weight CSI is configured, such as CSI with small numbers of ports and wideband reporting, a single-slot short- or long PUCCH with small payload size may be sufficient. 
· For the A-CSI feedback of a full blown CSI, such as CSI configured with large number of antenna ports with subband reporting, multi-slot PUCCH, or single-slot long PUCCH with large payload size capability may be considered.
[bookmark: _Toc485460853]Observation 3:	Single-slot PUCCH with short PUCCH or long PUCCH with small payload support can be used to for light-weight CSI report.
[bookmark: _Toc485460854]Observation 4: 	Multi-slot PUCCH with short PUCCH or long PUCCH with small payload, or a single long PUCCH with large payload support can be used for full blown CSI report.
Similar as the triggering of A-CSI on PUSCH, the PUCCH resource(s) for A-CSI reporting need to be indicated. A practical way is that the gNB pre-configures a set of PUCCH resource by high layer signalling.  The indicator of which PUCCH resource(s) to be used is carried in the DCI signalling conveying the A-CSI trigger. 
Collisions handling of CSI feedback
Collisions on PUCCH between different UCI feedback needs to be addressed.  The priority rules can be defined based on the content of PUCCH feedback.  In our views, the UCI contains SR/ACK/NACK should be always considered as the highest priority.  Aperiodic CSI reporting should be prioritized than semi-persistent CSI reporting, if the same PUCCH are shared.  Periodic CSI reporting on PUCCH has the lowest priority.
[bookmark: _Toc485460865]Proposal 9:	Define the priority based on the content of PUCCH feedback for collision handling.
Conclusion
In this contribution, we discuss design aspects of CSI reporting via PUCCH.  We have following observation:
Observation 1: 	For single-slot PUCCH with limited payload supports, single packet encoding of all CSI parameters is more efficient.
Observation 2:	Aperiodic CSI feedback on PUCCH can be considered in NR.
Observation 3:	Single-slot PUCCH with short PUCCH or long PUCCH with small payload support can be used to for light-weight CSI report.
Observation 4: 	Multi-slot PUCCH with short PUCCH or long PUCCH with small payload, or a single long PUCCH with large payload support can be used for full blown CSI report.
In addition, we propose
Proposal 1:	Wideband feedback of PMI/CQI should be supported as a starting point of P-CSI.
Proposal 2:	Subband feedback of PMI/CQI can be considered in P-CSI to adapt different channel characteristic (i.e. large ASD).
Proposal 3: 	SP-CSI reporting via PUCCH is activated/deactivated by MAC-CE.
Proposal 4: 	If Type-II CSI is configured, the parameters shall be limited to reduce UE complexity and feedback overhead for P-CSI.
Proposal 5:	Single packet encoding of all CSI parameters should be supported for single PUCCH resource per slot feedback.
Proposal 6: 	Resolve payload size ambiguity for single packet encoded CSI.
Proposal 7:	Reduce the number of PUCCH report types and PUCCH modes in NR.
Proposal 8:	Consider of short/long duration PUCCH time and frequency domain behaviour and supported payload size in multiple slot CSI feedback design in NR.
Proposal 9:	Define the priority based on the content of PUCCH feedback for collision handling.
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