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Introduction
In RAN1#90bis meeting [1] in Prague, more details of the CSI reporting were established.  In this contribution, we focus on remaining issues to be complete for the CSI reporting in NR-MIMO.
Remaining issue of 2nd part CSI reporting omission 
To avoid excessive large payload size in 2nd part CSI, especially when Type-II CSI is triggered, following agreements on CSI omission was made [2].
For NR CSI reporting on PUSCH, Part 2 information bits of partial subbands can be omitted.  
· Support the following priority rule to omit partial Part 2, where the priority level goes from high to low from Box #0 to Box #2N, and the omission granularity is one box in the following picture
· N is the number of CSI reports in one slot
· The CSI report numbers correspond to the order in the CSI report configuration
[image: ]
Meanwhile, regarding CQI calculation on PUSCH on omitted subbands, following Alts are provided.
· Down-select one of the following Alts for CQI calculation in RAN1#91
· Alt 1: Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting
· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband
For Alt 1, each CQI on omitted PMI is re-computed based on the nearest non-omitted PMI subbands.  This will guarantee performance when the gNB schedules MCS below the Alt 1.  CQI when there’s no PMI information on omitted subbands.  Nevertheless, to recover the omitted PMI, the gNB is likely to perform PMI interpolation in frequency domain.  In this case, Alt 2 CQI may better to reflect the actual CQI of interpolated PMI.  Another drawback for Alt 1 CQI is that when nearest subbands PMI is unavailable, the calculation of the corresponds CQI becomes infeasible.
[bookmark: _Toc498703286]Observation 1:	The benefit of reporting CQI based on nearest non-omitted subband PMI is unclear. 
[bookmark: _Toc498703287]Proposal 1:	Adopt Alt 2 (subband CQI is calculated assuming PMI in this subband) for CQI reporting when its associated subband PMI is omitted.

CSI reporting collision rule
As agreed in [1], Type-I or Type-II CSI only collision rule for A/SP/P-CSI reporting on was defined as follow.
· At least for when Type I CSI collides with Type I CSI and Type II CSI collides with Type II CSI
· The following priority order for CSI periodicity types applies
· Aperiodic CSI > P-CSI
· Aperiodic CSI > SP-CSI
· Note: Study further on the priority between SP-CSI and P-CSI
· CSI on PUSCH has priority over CSI on PUCCH
· Only one CSI periodicity type is piggybacked on PUSCH
· Lower priority CSI is dropped when there is a collision
· Aperiodic CSI on PUCCH is dropped if there is a collision with PUSCH
Further priority rules need to be defined for different types of CSI reports. In one aspect, Type-II CSI should be prioritized than Type-I CSI reporting since it includes higher resolution channel information. In another aspect, A-CSI should be still prioritized than SP-CSI reporting, as A-CSI is triggered on-demand. We summarize the priority relationship for different CSI types and time domain behaviour and channel types in Table 1.

[bookmark: _Ref498702826]Table 1. Priority for Type-I and Type-II CSI reporting, higher index has higher priority.
	
	Time domain behaviour
	PUSCH
	PUCCH (long or short)

	Type-I CSI
	A-CSI
	2
	3

	
	SP-CSI
	5
	7

	
	P-CSI
	NA
	8

	Type-II CSI
	A-CSI
	1
	NA

	
	SP-CSI
	4
	6

	
	P-CSI
	NA
	NA


[bookmark: _Toc498703288]Proposal 2:	Prioritize Type II CSI reporting than Type-I CSI reporting in NR if they collide.
Subband size for CSI feedback
One important aspect related to CSI reporting subband size is the boundary alignment with RBG size and PRG.  In [1], the candidate subband size for carrier bandwidth part of 101~200 PRBs are 12 or 24.  This will prohibit the alignment if RBG size is set at 8 or 16, which cause misalignment in data scheduling CSI reporting. 
A simple solution here is to restrict the subband size selected within the set [4, 8, 16, 32].  The carrier bandwidth part can be further aggregated into three ranges for simplicity.  To restrict the UE complexity and CSI payload, the value is selected such that the maximum subband numbers is within 18 for the minimal subband size configuration.  
Table 2. Recommended subband size for CSI feedback
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs)

	< 24
	N/A

	24 – 72
	4,8

	73 – 144
	8,16

	145 – 275
	16,32


[bookmark: _Toc498703289]Proposal 3:	Subband size for CSI reporting should be selected in set [4, 8, 16, 32].
[bookmark: _Toc498703290]Proposal 4:	Adopt table 2 for subband size configuration for CSI reporting.
Others
Deactivation of SP-CSI on PUSCH
For SP-CSI on PUSCH activation and deactivation, the robustness of the signalling needs to be guaranteed.  One way is to follow similar rules like in LTE SPS, that UL DTX detection is used to detect whether the reception of deactivation is successful or not.  Another way is to introduce extra signalling response to activation or deactivation of DCI, which requires additional design effort for the signalling of such response.  Given insufficient time for Rel.15, use DTX detection for deactivation of SP-CSI on PUSCH shall be adopted.
[bookmark: _Toc498703291]Proposal 5:	Use DTX detection to guarantee the success reception of activation/deactivation command for SP-CSI on PUSCH.
Subcarrier spacing dependent P/SP-CSI periodicity
The candidate subcarrier spacing values to be supported was agreed in [1].  One remaining part is that whether subcarrier spacing related or restricted periodicity design is needed.  The benefit is marginal by defining extra dependency between CSI periodicity and subcarrier spacing.  In fact, the main benefit of such restriction is to reduce the hypothesis in periodicity, which will reduce the signaling overhead.  Since the periodicity for P/SP-CSI is configured in CSI reporting configuration, which is higher layer signaling configured, the signaling overhead itself not an issue.
[bookmark: _Toc498703292]Proposal 6:	Subcarrier spacing dependent P/SP-CSI reporting periodicity is not needed.
CSI reference resource definition
The CSI reference resource time domain behaviour for CQI computation (nCQI_ref) has an impact on UE process time budget and CSI quality.  In general, longer duration of CSI reference resource allows more UE processing time at cost of less CSI accuracy.  In LTE, the timing for CSI reference resource allows a 4-slot offset.  Unless large issue is identified, the same design shall be leveraged.  For both periodic/semi-persistent, nCQI_ref = 4 shall be applied.
[bookmark: _Toc498703293]Proposal 7:	Follow LTE’s design for CSI reference resource definition.
Conclusion
In this contribution, we discuss remaining issues of CSI reporting for NR-MIMO.  We have following observation:
Observation 1:	The benefit of reporting CQI based on nearest non-omitted subband PMI is unclear.
In addition, we propose
Proposal 1:	Adopt Alt 2 (subband CQI is calculated assuming PMI in this subband) for CQI reporting when its associated subband PMI is omitted.
Proposal 2:	Prioritize Type II CSI reporting than Type-I CSI reporting in NR if they collide.
Proposal 3:	Subband size for CSI reporting should be selected in set [4, 8, 16, 32].
Proposal 4:	Adopt following table for subband size configuration for CSI reporting.
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs)

	< 24
	N/A

	24 – 72
	4, 8

	73 – 144
	8, 16

	145 – 275
	16, 32


Proposal 5:	Use DTX detection to guarantee the success reception of activation/deactivation command for SP-CSI on PUSCH.
Proposal 6:	Subcarrier spacing dependent P/SP-CSI reporting periodicity is not needed.
Proposal 7:	Follow LTE’s design for CSI reference resource definition.
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