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Introduction
In several email discussions, remaining details on CSI reporting are discussed. Some details are agreed, but there are other remaining issues to be decided. In this contribution, we discuss remaining details of CSI reporting considering various design aspects. 
Discussions on CSI reporting
1.1 Remaining details on A-CSI triggering and S-CSI activation/deactivation
In RAN1 NR#3 [2], DCI based activation/deactivation of S-CSI is agreed. Based on the agreement, implicit indication of S-CSI by scrambling SP C-RNTI is discussed in the email discussion [4]. In LTE, DCI which is scrambled by SP C-RNTI has been supported to indicate semi-persistent scheduling (SPS). In such cases, some states of DCIs (e.g. MCS) are reserved to indicate activation/deactivation of SPS. In contrast to reserved states, A-CSI triggering field in UL DCI is not reserved and gNB can trigger A-CSI regardless of data scheduling type. However, if S-CSI activation/deactivation is tied to SPS, triggering A-CSI in UL DCI for SPS will not be supported. Moreover, if SPS and S-CSI are tied together, support of SPS and S-CSI can be tied together. In other words, UE which does not support SPS can’t decode UL DCI which is scrambled SP C-RNTI. Since usage of SPS and S-CSI are totally different, such correlation between SPS and S-CSI is not desirable. Considering such aspects, 1-bit DCI to indicate CSI type (A-CSI/S-CSI) to flexibly support A-CSI triggering and S-CSI activation/deactivation regardless of data scheduling type should be supported. 
Although DCI based activation/deactivation for S-CSI is agreed, there is a drawback that DCI based triggering can’t provide error protection. Considering such aspects, PUSCH based reporting for the confirmation of activation/deactivation can be supported to provide reliability to DCI based activation/deactivation of PUCCH based S-CSI reporting. By decoding PUSCH based reporting, gNB can realize that whether the activation/deactivation of S-CSI is successful or not. It should be noted that DCI fields such as MCS and resource allocation bits are not be useful for PUCCH based S-CSI activation/deactivation and such fields can be reused for one shot based confirmation based on PUSCH. 
Proposals: 
· For A-CSI triggering and S-CSI activation/deactivation, 1-bit DCI to indicate CSI reporting type should be supported.
· For PUCCH based S-CSI, PUSCH based one shot confirmation to provide reliability should be supported.
1.2 Support of short PUCCH for CSI reporting
In NR, two types of PUCCH transmission (short and long) are supported. While short PUCCH uses DFT-S OFDM with 1 or 2 OFDM symbols, long PUCCH uses CP-OFDM with more than 3 OFDM symbols. While long PUCCH provides large container (up to few hundreds of bits) and extended coverage by using repetitions and lower PAPR waveform, short PUCCH supports relatively smaller container (up to few tens of bits) than long PUCCH. Considering such aspects, limitations on short PUCCH (i.e. only used for wideband and partial-band reporting and same information payload irrespective of RI/CRI in a given slot) are agreed in 3GPP NR #3 [3]. However, further limitations on Resource setting and CSI reporting setting should be supported to fit the information to short PUCCH in a given slot:
· Limitation on # of CSI-RS ports and resources in Resource setting: Large number of CSI-RS ports/resources requires high PMI calculation complexity and reporting overhead due to narrower beamwidth. In order to reduce PMI overhead, applying antenna virtualization of TXRUs for short PUCCH can be one possible option for short based PUCCH reporting.
· Support of port selection codebook based on beamformed CSI-RS: When gNB has acquired prior channel information from UE (e.g. from aperiodic CSI report), UE-specific CSI-RS transmission (one analogous to Class B K=1 LTE) is a good alternative to reduce PUCCH reporting overhead. In this case, UE needs to report only RI, PMI based on beam selection codebook and CQIs.
· CRI reporting without PMI: Other possible option for short PUCCH would be CSI-RS resource selection based on multiple 1 port CSI-RS resources. Instead of PMI reporting which requires large PMI overhead, CRI reporting can provide robust information of channel quality. As well as CQI report, L1 RSRP can be considered when monitoring of large number of beam is required. 
Based on the above discussion, proposals can be summarized as follows:
Proposals: 
· Considering the payload size of short PUCCH, further limitations for short PUCCH based CSI should be supported as follows:
· Limitation on number of CSI-RS ports and CSI-RS resources in Resource setting
· Support of port selection codebook based on beamformed CSI-RS
· CRI reporting without PMI.
1.3 Remaining details for CSI reporting band
In RAN1 NR #3 [3], configuration of CSI reporting band is agreed. For CSI reporting band configuration, RBG level subband CSI reporting/CSI reporting band configuration should be supported. Although smaller granularity provides more flexibility, such flexibility can’t enhance performance benefit if different scheduling and precoding are not supported. Moreover, smaller granularity requires more PMI/CQI overhead in UL PUCCH/PUSCH reporting and degrades the coverage of UL CSI reporting. Considering such aspects, subband size should be based on RBG size. As well as subband size, RBG based CSI reporting band configuration should be supported considering gNB scheduling granularity and PRB bundling size. 
In addition, CQI type configuration should be supported in CSI reporting setting. In NR, various cases for partial band transmission should be considered. For example, transmission resources for each service (e.g. eMBB and URLLC) can be different as shown in Figure 1. 
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Figure 1 different service multiplexing in NR
In this case, UE does not need to consider all bandwidth part for each CSI and can efficiently utilize its reporting overhead. 
Proposals: 
· For CSI reporting band configuration, RBG based configuration should be supported.
Conclusions
In this contribution, issues on CSI reporting and UCI multiplexing are discussed and our proposals can be summarized as follows:
Proposals: 
· For A-CSI triggering and S-CSI activation/deactivation, 1-bit DCI to indicate CSI reporting type should be supported.
· For PUCCH based S-CSI, PUSCH based one shot confirmation to provide reliability should be supported.
· Considering the payload size of short PUCCH, further limitations should be supported for short PUCCH based CSI as follows:
· Limitation on number of CSI-RS ports and CSI-RS resources in Resource setting
· Support of port selection codebook based on beamformed CSI-RS
· CRI reporting without PMI.
· For CSI reporting band configuration, RBG based configuration should be supported.
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