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1. Introduction
In RAN1#89 meeting, initial discussion was triggered related to PUSCH and PUCCH utilization for CSI reporting and several agreements were made as follows:
	Agreements:

1. RAN1 supports aperiodic CSI report on PUSCH, including two cases: 

a. Case-1: CSI reports multiplexing with uplink data in PUSCH

b. Case-2: CSI reports only in PUSCH (no uplink data)

c. Note: how to multiplex UCI with PUSCH is under discussing in UCI multiplexing A.I. 
2. FFS: aperiodic CSI report on PUCCH

Agreements:

· Support following features for NR CSI acquisition

· FFS Frequency domain subset restriction

· FFS on number of configurable subsets

· FFS on detailed signaling/configuration

· FFS measurement restriction of interference measurement

· FFS on measurement restriction of channel measurement 

· For time domain, measurement restriction of channel and interference measurement

· 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 this contribution, we discuss the usage of PUSCH and PUCCH for CSI reporting in NR.
2. Aperiodic CSI reporting
In RAN1#89 meeting, it was agreed to support aperiodic CSI reporting on PUSCH and supporting aperiodic CSI reporting on PUCCH was an FFS point. Though aperiodic CSI reporting was supported only via PUSCH in LTE, aperiodic CSI reporting on PUCCH can be considered in NR. One of the main motivation of using PUCCH for aperiodic CSI reporting can be to support immediate and fast CSI reporting, e.g. within a slot. CSI triggering DCI, CSI-RS, and the corresponding PUCCH for CSI reporting can be existed within the same slot in DL dominant slot structure(s). In this regard, short duration PUCCH can be a proper candidate similarly to fast ACK/NACK reporting since short PUCCH can be located at the end of a slot and it occupies two symbols at most. It should be noted that this feature should be supported only for very light CSI feedback only by considering CSI computation time, if introduced. 

Proposal 1: Consider aperiodic CSI reporting on short duration PUCCH for immediate and very light CSI feedback in NR.

3. Semi-persistent CSI reporting

For semi-persistent CSI reporting, both PUCCH and PUSCH can be considered. If the CSI payload size is limited (e.g. type I CSI), PUCCH can be a reasonable choice because PUCCH resource can be assigned rather semi-statically. If the CSI payload size is huge (e.g. type II CSI), PUSCH would be a better choice. If PUCCH is still used for heavy CSI, CSI reporting contents should be splitted into multiple pieces and transmitted sequentially across multiple PUCCHs in different slots. This aspect make specification work too complicated and also delay CSI feedback completion, resulting in channel aging. In addition, codebook subsampling may also be needed as in LTE to reduce CSI feedback payload, resulting in performance degradation from losing some spatial information. For semi-persistent CSI reporting on PUSCH, semi-persistent scheduled PUSCH would be need in that its resource allocation mechanism could be similar to that for SPS PUSCH in LTE.
Proposal 2: Support semi-persistent CSI reporting on both PUCCH and PUSCH. 
Joint use of PUCCH and PUSCH can also be considerable for semi-persistent CSI. For heavy CSI, for example, initial CSI reporting can be done on PUSCH to deliver CSI for high spatial granularity. Then, subsequent CSI reportings can be done on PUCCH to deliver CSI updates (e.g. delta CQI). For another example, PUCCH can be used if SPS PUSCH is unavailable at certain slots due to collision with other high priority channels (e.g. URLLC PUSCH). 
Proposal 3. Consider combined use of PUCCH and PUSCH for semi-persistent CSI reporting as well as independent use of them.

4. Periodic CSI reporting

For periodic CSI reporting, use of PUSCH should be avoided since it can occupy certain PUSCH resource in a semi-permanent way, limiting UL scheduling flexibility. PUCCH is a semi-statically allocated resource so that it is quite natural choice to use it for periodic reporting.  

Proposal 4. Periodic CSI reporting is supported on PUCCH only.

In LTE, there were a few choices for the maximum supportable UCI payload size on PUCCH and CSI reporting on PUCCH was supported only for light CSI feedback. In addition, CSI reporting across multiple PUCCH instances and codebook subsampling were used to deliver CSI with very limited PUCCH payload size (e.g. 11 bits). In NR, however, supportable UCI payload size on PUCCH is expected to be widened depending on PUCCH types (i.e. long duration PUCCH or short duration PUCCH), and the number of PUCCH symbols (or PUCCH duration). According to previous agreements on UL control, short duration PUCCH can occupy one or two symbols and long duration PUCCH can occupy from 4 symbols to 12 symbols. There is a possibility to enhance the maximum supportable UCI payload size on PUCCH significantly in case of long duration PUCCH. Considering above aspects, the supportable sets of CSI feedback contents should be defined per PUCCH type, i.e. short duration or long duration, and per time/frequency resource size of PUCCH, i.e. number of symbols and PRB size. 
Proposal 5. Supportable CSI feedback contents should be identified according to number of PUCCH symbols, PRBs, and PUCCH type (i.e. short duration or long duration).
In NR, esp. above 6GHz operations, UE can apply analog beamforming so that each PUCCH symbol may be allowed to be transmitted on a single UE beam only. In this regard, PUCCH demodulation performance would be unstable especially when the beam is suddenly blocked by obstacles/body or when UE rotates/moves abruptly even though transmit diversity schemes such as precoder cycling or SFBC is applied in digital domain. In this context, multi-beam based PDCCH transmission was agreed to be supported in NR. gNB may transmit DCI across multiple PDCCHs where each PDCCH can be transmitted on different beams to reduce the probability of misdetecting DCI. Similarly to PDCCH, multi-beam based PUCCH transmission is also required. Periodic beam management is supported in NR but it is desirable to be configured with a long periodicity by considering a huge RS overhead to allow full beam sweep of possible combinations of TRP beams and UE beams. Within the beam management interval, periodic/semi-persistent CSI reporting on PUCCH can be configured/activated for tracking UE link quality with a shorter periodicity. In this case, UE may need to maintain the same Tx and Rx beam within the beam management interval. UCI decoding error probability will increase gradually because UL Tx beam information will be outdated as time goes on. 
If multiple PUCCH beams are used within the interval in certain CSI reporting instance(s), network could maintain the link with higher probability of successful reception of CSI. In addition, network could find whether the current UL beam is valid or not by comparing reception qualities of different PUCCH symbols. For multi-beam PUCCH transmission, both gNB-oriented approach and UE-oriented approach can be considered. In gNB-oriented approach, gNB can allocate multiple PUCCH symbols to certain CSI report instant for potential beam sweeping on PUCCH. In UE-oriented approach, UE can decide whether to apply single beam (fixed beam) or multiple different beams. Figure 1 shows an exemplary illustration of UE-oriented approach. In-between beam management procedures, periodic beam reporting is configured. If UE detects beam degradation, UE can transmit PUCCH using multiple beams. 
Proposal 6: Support periodic/semi-persistent CSI reporting on repeated PUCCHs where each PUCCH is allowed or indicated to be transmitted on different UE beams.
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Figure 1. An illustration of multi-beam based PUCCH transmission (UE-oriented approach)
5. Conclusion
This contribution discussed CSI reporting on PUSCH and PUCCH in NR. Following proposals are given, based on the discussion:
Proposal 1: Consider aperiodic CSI reporting on short duration PUCCH for immediate and very light CSI feedback in NR.

Proposal 2: Support semi-persistent CSI reporting on both PUCCH and PUSCH. 
Proposal 3. Consider combined use of PUCCH and PUSCH for semi-persistent CSI reporting as well as independent use of them.

Proposal 4. Periodic CSI reporting is supported on PUCCH only.
Proposal 5. Supportable CSI feedback contents should be identified according to number of PUCCH symbols, PRBs, and PUCCH type (i.e. short duration or long duration).
Proposal 6: Support periodic/semi-persistent CSI reporting on repeated PUCCHs where each PUCCH is allowed or indicated to be transmitted on different UE beams.
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