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Introduction
In this contribution, we discuss remaining issues on CSI reporting.
SP-CSI reporting on PUSCH
SP-CSI activation/deactivation message 
In RAN1 #92, the following agreements were made on semi-persistent CSI reporting on PUSCH. 
Agreements in RAN1 #92
· DCI Formats 0_1 is used to activate/deactivate SP-CSI reporting on PUSCH.
· DCI Format 0_1 contains a CSI request field and can activate/deactivate any configured SP-CSI trigger state
· Note: The DCI can only be used to activate/deactivate SP-CSI reporting.

It was agreed that the DCI can only be used to activate or deactivate SP-CSI reporting. The intension is to ensure a UE can decode the DCI successfully, especially for deactivation of SP-CSI reporting. 
However, in current specification, it has been agreed that the slot offset is also selected in the activating DCI, with the similar mechanism used in aperiodic CSI reporting on PUSCH. The related context is below.  
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· For a semi-persistent or aperiodic CSI report on PUSCH, the allowed slot offsets are configured by the higher layer parameter reportSlotOffset. The offset is selected in the activating/triggering DCI.

As seen, there is a conflict between the agreement and current specification. At least, the slot-offset feature should be included in DCI format 0_1. We therefore propose the following:
Proposal # 1: DCI Format 0_1 with CRC scrambled by SP-CSI-RNTI contains a SP-CSI offset filed that is configured by the higher layer parameter reportSlotOffset.
SP-CSI report for BWP switch
The intention of SP-CSI reporting is to save overhead of control channels. To maximize its benefits of semi-persistent scheduling, it is important to continue CSI reporting when UL/DL BWP switches. 
In RAN1-AH #1801, it was agreed that a PUCCH resource for each candidate UL BWP is configured for each PUCCH-based CSI Report. The intention is to provide continuous UL PUCCH resources when UL BWP switches.
However, as DL BWP switches, it is unclear how to continue SP-CSI reporting on a new BWP, especially when multiple CSI report settings are configured with the same BWP. Since it is not 1-to-1 mapping, which report setting is going to be used will be unclear.    
In Fig. 2, we illustrate a simplified procedure of SP-CSI activation. In our example, a set of SP-CSI report settings are configured by Semi-persistent-on-PUSCHRepportTrigger, the CSI request field in DCI activates one of the SP-CSI report settings, and then a DCI for BWP switching follows up. In the trigger states, BWP-Id is configured per reporting setting, i.e., reusing the same BWP-Id in multiple CSI reporting settings is allowed. As a result, when BWP switches, it is unclear which setting should be continued. In our example, both ReportConfigId #1 and ReportConfigId #2 are set up for BWP-Id #1 and this leads to a confusion.         
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[bookmark: _Ref503106290][bookmark: _Ref503106283]Figure 2: An illustration of SP-CSI activation and reporting when DL BWP switches. 
To avoid ambiguity after DL BWP switches, we therefore propose
Proposal # 2: For SP-CSI reporting, the CSI reporting continues transmission in the new active DL BWP if there is a single corresponding setting pre-configured for that DL BWP.
However, to continue SP-CSI reporting as dynamic DL BWP switches, a more flexible structure is needed.
In current specification, up to 64 trigger states can be configured, each trigger state contains a single CSI reporting setting, and each CSI reporting setting is associated with a single DL BWP. As a result, each SP-CSI DCI can only trigger one CSI reporting setting associated with one single DL BWP.
To deal with BWP switch, we then propose a hierarchical structure shown in Fig. 3. In that, each trigger state can have multiple CSI reporting settings, and each CSI reporting setting is associated with one single DL BWP. The intention is to decouple trigger states and BWP-Ids, such that each trigger state can still be valid after the BWP changes. As a result, SP-CSI DCI is only used to select one trigger state and let a CSI reporting setting be determined by the current active BWP-Id.  
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Figure 3: The proposed trigger states for SP-CSI reporting, which decouples activation/deactivation functions and BWP information.  
As seen, to continue SP-CSI reporting with dynamic BWP switch, we then propose
Proposal # 3: For SP-CSI reporting, the CSI request field in DCI scrambled with SP-CSI C-RNTI activates multiple the semi-persistent CSI reports, and the valid one of the semi-persistent CSI reports is determined by the current active BWP-Id.	
Furthermore, it is not clear how SP-CSI reporting behaves when BWP changes multiple times. For example, the BWP-Id changes from #1 to #2 then back to #1. It is not clear whether SP-CSI reporting should continue its transmission on BWP-Id #1 or not. We illustrate this example in Fig. 4.
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Figure 4: illustration of SP-CSI reporting when the BWP changes multiple times. 
To avoid ambiguity, we propose
Proposal # 4: For SP-CSI reporting, deactivation of SP-CSI reporting is only performed by a DCI Format 0_1 with CRC scrambled by SP-CSI-RNTI. Other trigger events, such as BWP switch, can only make a difference on the CSI report dropping rules.  
CSI computation capability for AP/P/SP-CSI reporting
In RAN1 #92, it was agreed that special CSI dropping rules for AP-CSI reporting is derived from the CSI calculation time Z and Z’.
Agreements in RAN1 #92
· When A-CSI reporting on CSI only PUSCH with single CSI report is triggered,
· UE is not expected to receive a scheduling DCI with symbol offset such that M-L-N < Z
· UE is not expected to receive a scheduling DCI if AP CSI-RS is used for channel measurement and with symbol offset such that M-O-N < Z’

The intention to introduce the CSI calculation time Z and Z’ is to deal with a case that the time interval between a CSI report trigger and its CSI report is too short for a UE to perform a CSI measurement. Thus, a UE will fail to report according to its CSI computational capability. In RAN1 #92, many Z and Z’ candidates regarding different numerologies were under discussion.     
However, it is unclear when UL BWP and DL BWP have different numerologies, and which one should be treated as the reference to calculate Z and Z’. 
Fig. 3 shows an example with UL BWP with 15 kHz and DL BWP with 30 kHz. The CSI dropping rules can be calculated either based on 1) the UL-BWP numerology or 2) the DL-BWP numerology as follows:
1) Based on UL-BWP: M-L-N = 3.5 – 0 <  
2) Based on DL-BWP: M-L-N = 7 – 1 <  
where let the TA value N=0 for simplicity,  is the Z value for 15 kHz,  is the Z value for 30 kHz, and the definition of M and L can be found in the figure. Note that the inequalities 1) and 2) could lead to different results, ex., CSI report is dropped based on UL-BWP, but CSI report is kept based on DL-BWP, depending on the values of Z for 15 kHz and 30 kHz. 
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Figure 3: An illustration of CSI computation time Z and Z’ with different numerologies. 
To avoid ambiguity, we then propose
Proposal # 5: Allow CSI computation time Z and Z’ to be calculated based on different numerologies, to result in the same absolute time interval. In a sense that the CSI report dropping rule is the same whether the numerology is based on UL-BWP or based on DL-BWP.  
Conclusions
Based on the discussion and observation, we have the following proposal:
Proposal # 1: DCI Format 0_1 with CRC scrambled by SP-CSI-RNTI contains a SP-CSI offset filed and can be configured by the higher layer parameter. 
Proposal # 2: For SP-CSI reporting, the CSI reporting continues transmission in the new active DL BWP if there is a single corresponding setting pre-configured for that DL BWP.
Proposal # 3: For SP-CSI reporting, the CSI request field in DCI scrambled with SP-CSI C-RNTI activates multiple the semi-persistent CSI reports, and the valid one of the semi-persistent CSI reports is determined by the current active BWP-Id.	
Proposal # 4: For SP-CSI reporting, deactivation of SP-CSI reporting is only performed by a DCI Format 0_1 with CRC scrambled by SP-CSI-RNTI. Other trigger events, such as BWP switch, can only make a difference on the CSI report dropping rules.  
Proposal # 5: Allow CSI computation time Z and Z’ to be calculated based on different numerologies, to result in the same absolute time interval. In a sense that the CSI report dropping rule is the same whether the numerology is based on UL-BWP or based on DL-BWP.  
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