3GPP TSG RAN WG1 Meeting #93                                          R1-1806393
Busan, Korea, May 21st – 25th, 2018 

Agenda Item:	7.1.2.2.2
Source:	Spreadtrum Communications
Title:	Remaining issues on CSI reporting
Document for:	Discussion and decision

Introduction
[bookmark: _Ref494215420]In RAN1#92b, we reached the agreement mainly on the modeling of two types of CSI processing capability. In this contribution, we are going to discuss the remaining issues on the topic. Also some other un-identified issues are presented, including differential CQI, CSI report based on 1-port CSI-RS, and CSI reporting based on only one resource setting.

CSI processing capability
Clarification on type A processing capability
In type A CSI processing capability, UE is calculating CSI in a serial manner. In our understanding, the simultaneous processing here does not mean the simultaneous CSI calculation, but a capability from other aspects, because in the model UE only calculates one CSI report at any given time. So basically, for type A, we have two types of units: the first one is the so-called processing unit, which could be parallel, and the other is the calculating unit, which is serial. The processing unit is used to buffer the signal used to derive the channel estimation, and generate the signal on the reporting channel (PUCCH/PUSCH) based on the report from the calculating unit. 
The following Figure 1 shows how the CSI processing units are occupied and calculating unit is scheduled across processing units.
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[bookmark: _Ref513290904]Figure 1 CSI processing unit occupation and CSI calculation for type A capability
Suppose that a UE has X=8 processing units. Firstly a periodic CSI reporting occupied the processing unit #1, starting from the CSI reference resource. The calculating unit is assigned to the processing unit #1 and it take some time to generate the reported contents and is released. Further the processing unit stores the reported contents and encode the UCI to be transmitted on the PUCCH, during which the calculating unit can be diverted to the other processing units.
During the calculation of the periodic CSI, a DCI triggers a multiple aperiodic CSI reports, since CSI processing unit #1 is occupied, maximum 7 aperiodic CSI reports may be assigned to the remaining 7 processing units, starting from the next symbol after DCI (it usually takes a longer time since decode the DCI may take a few symbols, but it does not harm to be modeled from the first symbol after the DCI). Once both the following conditions are met
· The CSI calculating unit is idle
· All CSI-RS/CSI-IM corresponding to the report have been received
The CSI calculating unit can be used to calculate the corresponding report. The 7 CSI processing unit are released when the PUSCH carrying the report is transmitted.
During the calculation of the aperiodic CSI reports, the periodic CSI report comes again, which is assigned to processing unit #1. However, since the current calculating unit is occupied by the aperiodic CSI reports, it cannot immediately be scheduled to the periodic CSI report, and thus it needs to be buffered till the calculating unit is available, causing the delay.
In summary, Z’ should be treated as the time consumed by the calculating unit, while the calculating unit is key to the serial-ness in type A CSI processing capability.
Observation 1: For type A CSI processing capability, there is a serial calculating unit, which is scheduled across the parallel processing units, and Z’ corresponds to the time occupied by the calculating unit.
Observation 2: Due to the congestion caused by serial calculating for type A CSI processing capability, the actual time to start a CSI calculation may be delayed, suggesting either Z’ should be relaxed or the starting position for Z’ should be a few symbols after the last symbol carrying the CSI-RS/CSI-IM.

Proposal 1: Clarify that for type A CSI processing capability, the condition to update the report  is assumed when there is no other ongoing CSI calculation. It is up to gNB to ensure the report timing (scheduled PUSCH) by considering the congestion of reporting calculation, based on the current CSI processing time model.

Priority model
For both type A and type B with limited CSI processing units, once the incoming CSI calculation does not have enough processing units to be assigned to, a priority rule should be defined. A simple way is to reuse the priority rule for PUSCH-based CSI reporting, which is specified in 5.2.5 [2], since those less prioritized report may be anyway dropped.
Proposal 2: Adopt the priority rule specified 5.2.5 in TS 38.214 to handle the process unit assignment.

Processing unit occupation time for aperiodic reporting associated with P/SP CSI-RS for type A processing capability
Since it is already a working assumption that for AP reporting associated with AP CSI-RS, the CSI processing unit is occupied till the last OFDM symbol carrying the CSI reporting, we feel it should also be adopted for AP reporting associated with P/SP CSI-RS. Another reason is that for AP CSI reporting, the CSI reporting may contain two parts, and it is theoretically possible that UE may still calculating part II, while reporting part I.
Proposal 3: Confirm the working assumption and support the same criterion to release a processing unit for AP-CSI reporting  for type A CSI processing, i.e., the CSI processing unit is occupied till the last symbol of the channel carrying the AP CSI reporting associated with P/SP/AP CSI-RS. 

CSI processing unit occupation for TRS
For TRS, although it does not require to report anything, it take some calculation resources to derive the large scale parameter. Therefore, we prefer to incorporate TRS into the CSI processing consideration. One way to defined the CSI processing unit occupation for TRS is provided in our companion contribution [3].
Table 1 CSI processing unit occupation for TRS
	
	Type A CSI processing capability
	Type B CSI processing capability

	Periodic TRS
	From the first symbol of TRS to the last symbol of TRS+1
	FFS

	Aperiodic TRS
	From the first symbol after the triggering DCI to the last symbol of TRS+1
	From the first symbol after the triggering DCI to the last symbol of TRS+1



Proposal 4: Support CSI processing unit occupation for TRS, as regular CSI/BM reporting.

Miscellaneous
Differential CQI
In the latest 38.214 [2], the calculation for differential CQI is given by
	For each sub-band index s, a 2-bit sub-band differential CQI is defined as:
-	Sub-band Offset level (s) = wideband CQI index – sub-band CQI index (s) 
The mapping from the 2-bit sub-band differential CQI values to the offset level is shown in Table 5.2.2.1-1
Table 5.2.2.1-1: Mapping sub-band differential CQI value to offset level
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	≥ 2

	3
	≤-1






This is problematic, since a positive sub-band offset level gives a worse subband CQI, while two codepoints in the table are allocated for the positive level. In LTE, sub-band differential CQI is given by sub-band CQI index – wideband CQI index, which we think is proper to capture here to fix this minor issue.
Proposal 5: Adopt the following TP for TS 38.214.
/************************ Start of Text Proposal **************************/
For each sub-band index s, a 2-bit sub-band differential CQI is defined as:
-	Sub-band Offset level (s) = wideband CQI index – sub-band CQI index (s) – wideband CQI index
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/

CSI reporting via 1-port CSI-RS
1-port CSI-RS can be used for calculating CQI, without feedback of any RI/PMI. Also it can be used for point selection combined with CRI reporting. However, in the current specification [4], the UCI bits for 1-port CSI-RS is unspecified. Therefore, we have the following proposal.
Proposal 6: Adopt either one of the following alternatives
· Alt. 1 Support CSI report based on 1-port CSI-RS, where the number of bits for RI/LI/PMI is 0.
· Alt. 2 Do not support CSI report based on 1-port CSI-RS

CSI reporting associated with only one resource setting
In this current specification [2], the following highlighted context is misleading.
	For aperiodic CSI, each trigger state configured using the higher layer parameter CSI-AperiodicTriggerStateReportTrigger is associated with one or multiple CSI-ReportConfig where each CSI-ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement for L1-RSRP computation.
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement and the second one (given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on CSI-IM or on NZP CSI-RS.
-	When three Resource Settings are configured, the first one Rresource Ssetting (higher layer parameter resourcesForChannelMeasurement) is for channel measurement, the second one (given by higher layer parameter csi-IM-ResourcesForInterference) is for CSI-IM based interference measurement and the third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for NZP CSI-RS based interference measurement.
For semi-persistent or periodic CSI, each CSI-ReportConfig is linked to periodic or semi-persistent Resource Setting(s):
-	When one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is configured, the Resource Setting is for channel measurement for L1-RSRP computation.
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement and the second Resource Settingone (given by higher layer parameter csi-IM-ResourcesForInterference) is used for interference measurement performed on CSI-IM.



The problem dates back to RAN1#91 [5], where the following agreements were reached with ambiguity.
	· Each trigger state is associated one or multiple ReportConfigs where each ReportConfig is linked to one or two or three P/SP/AP CSI-RS resource setting(s)
· When one resource setting is configured, the resource setting is for channel measurement for beam management.
· When two resource settings are configured, the first one resource setting is for channel measurement and the 2nd one is for interference measurement (for ZP or NZP).
· When three resource settings are configured, the first one resource setting is for channel measurement, the 2nd one is for ZP based interference measurement and the 3rd one is for NZP based interference measurement.



The highlighted wording “for channel measurement for beam management” should be interpreted as “for channel measurement and for beam management”. Otherwise the CSI reporting based only CMR is not supported, which is strange based on our understanding.
Proposal 7: Support CSI reporting based only on one resource setting for channel measurement, and adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
For aperiodic CSI, each trigger state configured using the higher layer parameter CSI-AperiodicTriggerState is associated with one or multiple CSI-ReportConfig where each CSI-ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement or for L1-RSRP computation.
/************************ Unchanged parts omitted**************************/
For semi-persistent or periodic CSI, each CSI-ReportConfig is linked to periodic or semi-persistent Resource Setting(s):
-	When one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is configured, the Resource Setting is for channel measurement or for L1-RSRP computation.
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/

Conclusion
In this contribution, we summarize the remaining issues on CSI reporting from our perspective. Based on the discussion, we have the following observations and proposals:
Observation 1: For type A CSI processing capability, there is a serial calculating unit, which is scheduled across the parallel processing units, and Z’ corresponds to the time occupied by the calculating unit.
Observation 2: Due to the congestion caused by serial calculating for type A CSI processing capability, the actual time to start a CSI calculation may be delayed, suggesting either Z’ should be relaxed or the starting position for Z’ should be a few symbols after the last symbol carrying the CSI-RS/CSI-IM.

Proposal 1: Clarify that for type A CSI processing capability, the condition to update the report  is assumed when there is no other ongoing CSI calculation. It is up to gNB to ensure the report timing (scheduled PUSCH) by considering the congestion of reporting calculation, based on the current CSI processing time model.
Proposal 2: Adopt the priority rule specified 5.2.5 in TS 38.214 to handle the process unit assignment.
Proposal 3: Confirm the working assumption and support the same criterion to release a processing unit for AP-CSI reporting  for type A CSI processing, i.e., the CSI processing unit is occupied till the last symbol of the channel carrying the AP CSI reporting associated with P/SP/AP CSI-RS. 
Proposal 4: Support CSI processing unit occupation for TRS, as regular CSI/BM reporting.
Proposal 5: Adopt the following TP for TS 38.214.
/************************ Start of Text Proposal **************************/
For each sub-band index s, a 2-bit sub-band differential CQI is defined as:
-	Sub-band Offset level (s) = wideband CQI index – sub-band CQI index (s) – wideband CQI index
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/
Proposal 6: Adopt either one of the following alternatives
· Alt. 1 Support CSI report based on 1-port CSI-RS, where the number of bits for RI/PMI is 0.
· Alt. 2 Do not support CSI report based on 1-port CSI-RS
Proposal 7: Support CSI reporting based only on one resource setting for channel measurement, and adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
For aperiodic CSI, each trigger state configured using the higher layer parameter CSI-AperiodicTriggerState is associated with one or multiple CSI-ReportConfig where each CSI-ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement or for L1-RSRP computation.
/************************ Unchanged parts omitted**************************/
For semi-persistent or periodic CSI, each CSI-ReportConfig is linked to periodic or semi-persistent Resource Setting(s):
-	When one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is configured, the Resource Setting is for channel measurement or for L1-RSRP computation.
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/
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