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Introduction
This document summaries companies view on the remaining open issues in CSI reporting.
Remaining details on CSI computation and latency
Some companies expressed concern regarding that two CSI computation capability frameworks (Type A and Type B) was defined and proposed that the capabilities somehow be merged into a single solution. We encourage further offline discussion on this topic, but since no concrete proposals on how to do such a merger have been presented so far, it is not treated further in this summary.
Corrections for Type A CSI processing capability
A number of corrections and clarifications related to Type A CSI processing capability have been presented.
Corrections to calculate ZTOT and Z’TOT
Some corrections and clarifications are needed to determine timing requirement for Type A capability.

Issue 2.1.1.1: Incorrect definition of ZTOT and Z’TOT when the UE is triggered with N < M CSI reports.

To address this issue, we can apply solution proposed by multiple companies.



Proposal 2.1.1.1: For Type A CSI processing capability, replace “M” with “min(N,M)” in the summation to define ZTOT and Z’TOT (e.g.  replaced with  )


Another issue is that current agreements are ambiguous regarding which CSI-RS shall be used as starting point when applying the Z’TOT criterion.

Issue 2.1.1.2: Which CSI-RS / CSI-IM symbol to use as starting point when evaluating Z’TOT criterion for Type A capability?

Proposal 2.1.1.2: For Z’TOT criterion for Type A CSI processing capability, Z’TOT is compared with the time gap between latest CSI-RS / CSI-IM symbol of any of the triggered reports and the scheduled PUSCH.

ZTE: The intention is clear, but I think the proposal is not accurate. The counting for Z’TOT is actually correct, but the time gap between CSI-RS/CSI-IM and PUSCH compared with Z’TOT needs to be clarified. Hence I suggest to refine the proposal as “For Z’TOT criterion for Type A CSI processing capability, Z’TOT is compared with the time gap between latest CSI-RS / CSI-IM symbol of any of the triggered reports and the scheduled PUSCH.”
Sebastian: Okay updated the proposal as suggested.



Current definition of Z includes DCI decoding time, which implies it is double-counted when several Zs are summed to form .

Issue 2.1.1.3: How to avoid double-counting of PDCCH decoding time in the definition of ZTOT?
· Alt 1: Define DCI decoding time as , subtract  from ZTOT (Huawei, Intel)
· Alt 2: Refine the expression as  (Intel)
· Alt 3: No change (ZTE, LGE, Qualcomm)
· 
ZTE: We can understand the intention, but it can be complex to find a perfect solution. For example, if these reports are scheduled from multiple DCIs in multiple CCs in one slot, how to count the DCI decoding time need to be further addressed. Hence we think the original calculation of ZTOT is an imperfect but safe choice for UE implementation. Alt 3 is preferred. 
LGE: same view with ZTE


A related issue is that UCI multiplexing time may be double-counted.

Issue 2.1.1.4: How to avoid double-counting of UCI/UL-SCH multiplexing time in the definition of ZTOT and Z’TOT?
· Alt 1: Define UCI multiplexing time as K=Z(UL-SCH+CSI)-Z(CSI only), subtract  from ZTOT (and similarly for Z’TOT) (Huawei, Intel)
· Alt 2: No change (ZTE, Qualcomm)



As Type A capability assumes serial processing, the UE may not be able to start calculating a triggered CSI report immediately even if it has available CPUs if it is already calculating a CSI report.

Issue 2.1.1.5: Shall additional time be added to ZTOT if aperiodic CSI request is triggered before a current CSI calculation is finished?
· Alt 1: Yes, add additional time to ZTOT to compensate for ongoing CSI calculation (Intel, ZTE)
· Alt 2: No, it’s up to gNB implementation to assure sufficient time is given (Spreadtrum, LGE, Qualcomm, Ericsson)




Issue 2.1.1.6: For Type A CSI processing capability, shall Z’ be switched to Z’TOT in the definition of CSI reference resource timing below?

where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCQI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCQI_ref is the smallest value greater than or equal to , such that slot n-nCQI_ref corresponds to a valid downlink slot, where Z' corresponds to the delay requirement as defined in Subclause 5.4.
-	when periodic or semi-persistent CSI-RS/CSI-IM is used for channel/interference measurements, the UE is not expected to measure channel/interference on the CSI-RS/CSI-IM whose last OFDM symbol is received up to Z' symbols before transmission time of the first OFDM symbol of the aperiodic CSI reporting.


· Alt 1: Yes (Intel, ZTE, LGE, Qualcomm, Huawei/HiSilicon)
· Alt 2: No

There seems to be consensus to adopt Alt 1 above.

Proposal 2.1.1.6:
· Adopt the following TP to TS38.214 Section 5.2.2.1.1 (replacing Z’ with Z’TOT):

where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCQI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCQI_ref is the smallest value greater than or equal to , such that slot n-nCQI_ref corresponds to a valid downlink slot, where Z’TOT corresponds to the delay requirement as defined in Subclause 5.4.
-	when periodic or semi-persistent CSI-RS/CSI-IM is used for channel/interference measurements, the UE is not expected to measure channel/interference on the CSI-RS/CSI-IM whose last OFDM symbol is received up to Z’TOT symbols before transmission time of the first OFDM symbol of the aperiodic CSI reporting.



Issue 2.1.1.7: If condition on CSI calculation time is not met for Type A CSI processing capability, is the UE not required to update any of the reports or is it required to update some reports?
· Alt 1: The UE is required to update K reports, based on available time for CSI calculation (Intel)
· K is selected based on the following conditions 
· The time interval between the last symbol of PDCCH and the first symbol of PUSCH is greater than   
· The time interval between the between last symbol of CSI-RS/CSI-IM and the first symbol of PUSCH is greater than  for all the CSI reports 
· Alt 2: Keep current rule, the UE is not require to update any of the reports (Qualcomm, Huawei/HiSilicon)

Other corrections


Issue 2.1.2.1: Does the (Z,Z’) values for Type A capability for low latency CSI need to be revised?
· Alt 1: Yes, to account for NZP-based IM, update to the following values (Huawei)
	
	For Type A CSI processing capability

	
	CSI only
	CSI+UL-SCH

	Low latency CSI
	15 kHZ
	Z
	6
	7

	
	
	Z'
	5
	6

	
	30 kHZ
	Z
	10
	11

	
	
	Z'
	9
	10


· Alt 2: Yes, to meet the PUSCH preparation time requirement when multiplexed with UL-SCH, update the following values (Qualcomm, ZTE)
	
	For Type A CSI processing capability

	
	CSI+UL-SCH

	Low latency CSI
	15 kHZ
	Z
	11

	
	
	Z'
	

	
	30 kHZ
	Z
	13

	
	
	Z'
	

	
	60 kHZ
	Z
	24

	
	
	Z'
	

	
	120 kHZ
	Z
	37

	
	
	Z'
	


· Alt 2’: Yes, to meet the PUSCH preparation time requirement for both CSI-only case and CSI+UL-SCH case, update the following values (Qualcomm)	Comment by Qualcomm: PUSCH preparation time should also be met for CSI-only report.
	
	For Type A CSI processing capability

	
	CSI-only
	CSI+UL-SCH

	Low latency CSI
	15 kHZ
	Z
	10
	11

	
	
	Z'
	
	6

	
	30 kHZ
	Z
	12
	13

	
	
	Z'
	
	10

	
	60 kHZ
	Z
	23
	24

	
	
	Z'
	
	

	
	120 kHZ
	Z
	36
	37

	
	
	Z'
	
	


· Alt 3: No

The proposal below is a merge of the above alternatives.

Proposal 2.1.2.1:
· 
 Adopt the following refined (Z,Z’) values for Type A UE capability:
	
	For Type A CSI processing capability

	
	CSI-only
	CSI+UL-SCH

	Low latency CSI
	15 kHZ
	Z
	5 10
	6 11

	
	
	Z'
	3 5
	4  6

	
	30 kHZ
	Z
	9 12
	10 13

	
	
	Z'
	6 9
	7 10

	
	60 kHZ
	Z
	17 23
	18 24

	
	
	Z'
	12
	13

	
	120 kHZ
	Z
	27 36
	30 37

	
	
	Z'
	22
	25




Resolving FFS points in previous agreements and other issues
A number of items were left for further study in the previous agreements.

Issue 2.2.1: Which reference SCS µ is used to select Z and Z’ when a different numerology is used on CSI-RS CC compared to PUSCH CC?

From tdoc review, there seem to be consensus to define the rules as in the following proposal.

Proposal 2.2.1: 
· To select which reference SCS µ is used to determine Z and Z’ for a CSI report
· Let µDL correspond to the subcarrier spacing of the PDCCH with which the DCI was transmitted, µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted and
· For Type B processing capability, µCSI-RS correspond to the subcarrier spacing of the ap-CSI-RS for the CSI report 
· For Type A processing capability, µCSI-RS correspond to the minimum subcarrier spacing of the all aperiodic CSI-RS triggered by the DCI
· To determine Z, the reference SCS µ corresponds to min(min(µDL, µCSI-RS), µUL)
· To determine Z’, the reference SCS µ corresponds to min(min(µDL, µCSI-RS), µUL)

Qualcomm: To determine Z’, the reference SCS needs to include µDL as well.  Otherwise we may end up to “non-causal” triggering (Z may be smaller than Z’).
Sebastian: Ok, updated proposal accordingly.

Before addressing the next issue, we propose to discuss issue raised in [11] on the ordering of CSI reports in UCI, as it may impact the next issue. 
Proposal 2.2.2: 
· Make the following corrections in TS 38.214 and 38.212 
· Define CSI report mapping order for PUCCH and PUSCH (including report ordering when applying CSI omission rules) according to CSI reporting priority rule in Section 5.2.5 of 38.214
If above proposal is agreed, Alt 1 and Alt 5 below can be merged.

Issue 2.2.3: If a UE only has M CPUS available and is triggered with N>M reports, which M reports shall the UE be required to update? And which M reports are used to determine ZTOT / Z’TOT for Type A processing capability?
· Alt 1: The M reports with highest priority according to PUSCH priority rule, i.e. the ones with lowest reportConfigId (ZTE, Ericsson, , MediaTek, Qualcomm)
· Alt 2: The UE autonomously selects any M out of the N reports to update. To determine ZTOT / Z’TOT, the M reports that maximize the time offset are used. (Intel, LGE)
· Alt 3: The M reports corresponding to largest (Z,Z’) values, reports with same (Z,Z’) values are prioritized according to CSI collision rule (Huawei, HiSilicon, LGE)
· Alt 4: The M reports corresponding to smallest (Z,Z’) values (LGE)
· Alt 5: The M reports with highest priority according to priority rule in Section 5.2.5 (Spreadtrum, Samsung, OPPO, [China Unicom?])




Issue 2.2.4: Clarification of for which cases a UE is not expected to update CSI or can ignore the DCI if the timing requirement is not met?
· A: When (single or multiple) CSI report(s) is multiplexed with UL-SCH and Z timing requirement is not met?
· Alt A1: UE is not required to update CSI (ZTE, Ericsson, Docomo, LGE, Qualcomm (Z > N2 + 1 for all cases))
· Alt A2: DCI may be ignored (Qualcomm)
· B: When single CSI report is not multiplexed with UL-SCH and Z’ timing requirement is not met?
· Alt B1: UE is not required to update CSI (Ericsson, ZTE, LGE)
· Alt B2: DCI may be ignored (InterDigital, Qualcomm)

Qualcomm: If Z < N2 + 1, UE won’t be able to get PUSCH transmission ready. 


Issue 2.2.5: For Type B CSI processing capability, when a CSI report is linked with Ks > 1 CSI-RS resources for channel measurement is triggered:
· Alt1: The CSI report occupies a single CSI processing unit and the latency requirement is calculated based on (Zn, Z’n) according to the High latency CSI class (ZTE, Ericsson, Intel, LGE, Huawei/HiSilicon)
· For Ks=2, at most 16 CSI-RS ports per CSI-RS resource can be configured
· For 8>=Ks>2, at most 8 CSI-RS ports per CSI-RS resource can be configured
· Alt2: The CSI report occupies Ks CSI processing units and the latency requirement for each unit is calculated based on (Zn, Z’n) according to the High latency CSI class (lenovo, Motorola, Samsung, Mediatek, Qualcomm)




Next issue is if the CPU is occupied until the first or last symbol of the PUSCH (or PUCCH). In agreements in RAN1#92bis, the first symbol was used in some cases while the last symbol was used in other cases. The discrepancy was not for technical reasons but mainly due to that the agreements were made at different times. We propose to align the behavior.

Issue 2.2.6: Is the CPU occupied until the first or last symbol of the PUSCH/PUCCH?

Based on tdoc review, some companies prefer first symbol while others prefer last symbol. However, as commented by Intel, there is little practical difference since a UE anyway cannot typically receive a CSI request while transmitting PUSCH. Therefore, we propose to use the last symbol.

Proposal 2.2.6: 
· Align CPU occupancy rules so that the CPU is occupied until the last symbol of the PUSCH/PUCCH carrying the report for all cases (except for Type B capability with P/SP CSI-RS where a CPU is always occupied)



In current agreements, separate tables are specified for (Z,Z’) values for “CSI only” and “CSI+UL-SCH”. There are proposals to instead specify a single table for “CSI only” and add a number of symbols for the UL-SCH multiplexing case.

Issue 2.2.7: For CSI multiplexed with UL-SCH case, should d symbols be added to the calculation time or should separate table approach be kept?	Comment by jinhuangping: Should be discussed with issue 2.1.1.4
· Alt 1: d symbols is added to the CSI calculation time (Intel, LGE)
· Alt 1A: (Intel)
· Value of symbol offset d is different for different subcarrier spacing
· The following equations are applied in case of multiple aperiodic CSI reports are triggered
· For Type A CSI processing capability:  and  
· For Type B CSI processing capability: and 
· Alt 1B: (LGE)
· Add N2 symbols (for Type B capability)
· Alt 2: Keep separate table approach (ZTE, LGE)
Qualcomm: we tend to support Alt 1A, but we need to first agree on the values of d for each SCS.  We don’t support Alt 1B, since at least d = N2 double count the PDCCH decoding time.
What additional computations should be incorporated in the CSI computation framework?
So far, the CSI processing framework only includes non-L1-RSRP based CSI reporting. Open issues are if computations for beam reporting, TRS processing and SRS precoder determination should be incorporated as well.
Issue 2.3.1: Is the CSI processing / latency framework applicable to beam reporting as well, and if so, how to capture it?
· Alt 1: The CSI computation time (Z, Z’) is applicable for both L1-RSRP computation and CSI computation ( InterDigital, Docomo, Samsung)
· Alt 1A: L1-RSRP report is treated as Low Latency CSI class ( Docomo, Samsung)
· Alt 1B: L1-RSRP report is treated as Low or High Latency CSI class depending on the number of CSI-RS resources to be measured (InterDigital)
· Alt 2: L1-RSRP reporting is treated as a new Latency Class where the Z’ values follow the reported beam report timing values in capability 2-25 (Ericsson, ZTE, LGE,Qualcomm)

[bookmark: _Hlk514345885]Issue 2.3.2: Is the CSI processing / latency framework applicable to TRS, and if so, how to capture it?
· Alt 1: Yes, a TRS occupies a CPU according to the following rules (Spreadtrum)
	
	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


· Alt 2: No, TRS is treated separately (Ericsson, ZTE, LGEIntel)


Proposal 2.3.2:
· TRS processing is treated separately from the CSI processing / latency framework, i.e. TRS processing does not occupy a CSI processing unit
Issue 2.3.3: Is the CSI processing / latency framework applicable to SRS precoder determination based on CSI-RS resource for non-codebook UL transmission?
· Alt 1: Yes, when a SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, a CSI processing unit is assigned for the SRS resource set. The CSI processing unit occupancy follows the rules for high-latency CSI report with the same time-domain behaviour.  (Qualcomm, ZTE, Huawei/HiSiliconSamsung)
· Alt 2: No

Proposal 2.3.3:
· When an SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, a CSI processing unit is assigned for the SRS resource set. The CSI processing unit occupancy follows the rules for high-latency CSI report with the same time-domain behaviour.  
Remaining (Z,Z’) values
In this section, the proposals for numerical values of (Z,Z’) for the remaining cases are listed.
Huawei proposal normal UE capability
	
	For Type A CSI processing capability

	
	CSI only
	CSI+UL-SCH

	High latency CSI
	15 kHZ
	Z
	43
	26

	
	
	Z'
	42
	25

	
	30 kHZ
	Z
	85
	50

	
	
	Z'
	84
	49

	
	60 kHZ
	Z
	155
	98

	
	
	Z'
	150
	93

	
	120 kHZ
	Z
	160
	104

	
	
	Z'
	155
	99



LGE proposal for Type B normal UE capability w/o UL-SCH
	CSI latency
	Units
	15kHz SCS ()
	30kHz SCS ()
	60kHz SCS ()
	120kHz SCS ()

	High latency
	Symbols
	(32, 23)
	(40, 26)
	(56, 32)
	(88, 44)



LGE proposal for Type B advanced UE capability w/o UL-SCH
	CSI latency
	Units
	15kHz SCS ()
	30kHz SCS ()
	60kHz SCS ()
	120kHz SCS ()

	Low latency
	Symbols
	(12, 7)
	(12, 7)
	(12, 7)
	(12, 7)

	High latency
	Symbols
	(21, 16)
	(21, 16)
	(21, 16)
	(21, 16)




MediaTek proposal for Type B normal UE capability
	High latency
	Units
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	CSI only
	Symbols
	(23, 22)
	(44, 42)
	(67, 63)
	(73, 66)

	CSI + UL-SCH
	Symbols
	(25, 24)
	(48, 46)
	(77, 73)
	(94, 87)



CSI-RS reception capability	Comment by jinhuangping: Should be modified to CSI calculation capability. 2-36, 2-40, 2-41, 2-43 are codebook related features.
How to count the number of simultaneously active CSI-RS ports/resources mentioned in the UE feature list needs to be clarified. 


Issue 2.5.1: How should the “simultaneous” reception of CSI-RS in UE features 2-36, 2-40, 2-41 and 2-43 be defined? 
· Alt 1: Simultaneous means CSI-RS in the same slot (Huawei/HiSilicon)
· Alt 2: Simultaneous means the sum of all NZP CSI-RS for channel and interference measurement corresponding to the CSI reports in the occupied CSI processing units (Ericsson)
· Alt 3: Define simultaneously active CSI-RS as follows (Qualcomm)
· An A-CSI-RS is active in the time duration starting from the end of the PDCCH containing the request and ending at the end of the PUSCH containing the report associated with this A-CSI-RS.
· An SP-CSI-RS is active in the time duration starting from the end of the activation command is applied and ending at the end of the deactivation command is applied.
· A P-CSI-RS is active in the time duration starting from RRC configuration setup and ending at RRC configuration release. 
· Add new capability in addition (2-36, 2-40, 2-41 and 2-43) on a list of supported combinations of a maximum number of active NZP CSI-RS resources across all CCs for a numerology and the maximum total number of ports in all active NZP CSI-RS resources all CCs for the same numerology, to be applied across all codebook/CSI types

Qualcomm: With Alt-3, we can separate the calculate resource occupancy from CPU occupancy.  This can address the Type A/Type B discrepancy on CPU occupancy rule for CSI reports based P/SP-CSI-RS.
Huawei: From UE implementation’s perspective, we do not think Alt 3 can help UE to determine the number of CSI-RS resource or ports UE can afford for CSI calculation. Alt 3 is more like a UE capability for buffering. At least for UE with serial calculation manner, a time duration should be clarified for 2-36/40/41/43 from our understanding.

Issue 2.5.2: Should CSI-RS ports within one CSI-RS resource be counted N times if the CSI-RS resource is referred by N resource settings?
· Yes, it is counted N times (Huawei, HiSilicon, Qualcomm)
· No, it is counted one time 
Proposal 2.5.2:
· For the purpose of simultaneous CSI-RS reception in UE features 2-36, 2-40, 2-41 and 2-43, CSI-RS ports within one CSI-RS resource are counted N times if the CSI-RS resource is referred by N resource settings
CSI reference resource definition
A number of issues remain with how the CSI reference resource is defined. 


As raised by OPPO and MediaTek, the CSI reference resource timing when UL and DL have different SCS is not correctly captured in 38.214. We suggest implementing the solution provided by both companies.
Issue 3.1: CSI reference resource timing is incorrectly captured when UL and DL has different numerologies
Proposal 3.1:
-------------------------------- Begin of text proposal Section 5.2.2.1.1 of 38.214 ---------------------------------
[bookmark: _Hlk497821946][bookmark: _Hlk497822531]The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.
[bookmark: _Hlk512974256][bookmark: _Hlk497896664]-	In the time domain, for a UE configured with a single CSI resource set for the serving cell, the CSI reference resource for a CSI reporting in uplink slot n’ is defined by a single downlink slot n-nCQI_ref,
- where  where and  equal  for downlink and uplink, respectively.
where for periodic and semi-persistent CSI reporting 
-	if a single CSI-RS resource is configured for channel measurement nCQI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or
-	if multiple CSI-RS resources are configured for channel measurement nCQI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot.
-------------------------------- End of text proposal Section 5.2.2.1.1 of 38.214 -----------------------------------
Qualcomm: This issue is also discussed in CSI measurement.  We don’t see any issue by using a simple solution: .

Another issue is that the time location of the CSI reference resource for a report should be determine if the CSI is reported or not when BWP is switched, however the current wording in 38.214 is not consistent. 

Issue 3.2: How to correct CSI reference resource with respect to active BWP?
· Alt 1: Adopt TP below (Ericsson, ZTE)
[bookmark: _Hlk511560515]<TP for Section 5.2.2.1.1 of TS 38.214>
A slot in a serving cell shall be considered to be a valid downlink slot if:
-	it is configured as a downlink slot for that UE, and
-	it does not fall within a configured measurement gap for that UE, And
The valid downlink slot of a CSI reference resource for a CSI report shall be considered infeasible if:
-	the active DL BWP in the valid downlink slot of the CSI reference resource is not the same as the DL BWP for which the CSI reporting is performed, and or
-	there is at least one no CSI-RS transmission occasion for channel measurement and or no CSI-RS and/or CSI-IM occasion for interference measurement no later than the valid downlink slot of the CSI reference resource for which the CSI reporting is performed. 
If there is no valid downlink slot for the CSI reference resource corresponding to a CSI Report Setting in a serving cell or if the valid downlink slot of the CSI reference resource is infeasible, CSI reporting is omitted for the serving cell in uplink slot n.
</TP>
· Alt 2: (MediaTek)
· Define that after the CSI report (re)configuration, activation, BWP change, DRX or recovery from SP-CSI suspension, the UE reports CSI only after receiving the CSI resources for channel and/or interference measurement at least once before the first CSI report transmission and drops the reports otherwise. 

Current definition of CSI reference resource is based on “downlink slot”, however NR does not define what a “downlink slot” is.

Issue 3.3: How to correct CSI reference resource with respect to definition of downlink slot?
· Alt 1: Adopt TP below (Ericsson, ZTE, Huawei/HiSilicon, Nokia, NSB)
<TP for Section 5.2.2.1.1 of TS 38.214>
A slot in a serving cell shall be considered to be a valid downlink slot if:
-	it comprises at least one downlink or flexible symbol is configured as a downlink slot for that UE, and
-	it does not fall within a configured measurement gap for that UE
</TP>
· Alt 2: Replace “uplink slot” with “uplink reporting slot” and “downlink slot” with “downlink CSI resource slot”, defines as follows: (MediaTek)
· downlink CSI resource slot is a slot where UE assumes downlink transmission of CSI-RS resource on a set of OFDM symbols.
· uplink reporting slot is a slot where UE assumes uplink transmission for CSI reporting on a set of OFDM symbols.


Two issues remain regarding the CSI reference resource timing for P/SP CSI reporting.

Issue 3.4: Shall CSI reference resource timing offset for P/SP CSI for CRI and non-CRI reporting be aligned?
· Alt 1: Yes, N=4 for 15kHz, N=8 for 30kHz, N=16 for 60kHz, N=32 for 120kHz in case of CSI report with CRI as well (Intel, Qualcomm)
· Alt 2: No, keep current values (ZTE)

Issue 3.5: Can a smaller value for CSI reference resource timing offset for P/SP CSI be used depending on UE capability?
· Alt 1: Yes, ([image: ]), N=2 for 15kHz, N=4 for 30kHz, N=8 for 60kHz, N=16 for 120kHz for advanced UEs based on UE capability (Intel, LGE)
· UE capability for low latency CSI (row 2-57 of R1‑1805728) is used
· Alt 2: No, use current values (Ericsson, ZTE)

Issues related to BWP switching and carrier activation/deactivation
For PUCCH-based SP-CSI report, rules where defined what happens upon DL BWP switch in RAN1#92bis, however for PUSCH-based SP-CSI the issue remains open.

Issue 4.1: For PUSCH-based SP-CSI report setting in activated state, what happens upon DL BWP switch?
· Alt 1: The SP-CSI report setting stays in activated state. CSI reporting is simply suspended until the DL BWP is switched back, whereon it resumes. 
· Alt 2: The SP-CSI report setting transitions to inactivated state. New activation message is required to transition the SP-CSI report setting back to activated state. (Ericsson, CATT, Docomo, Nokia, Nokia Shanghai Bell, Qualcomm, ZTE, LGEHuawei/HiSiliconIntel)

For PUCCH-based CSI report, a PUCCH-resource for each candidate UL BWP is configured so that CSI reporting can continue seamlessly upon UL BWP switch. However, for PUSCH-based SP-CSI, it is unclear what happens with upon UL BWP switch.
Issue 4.2: For PUSCH-based SP-CSI report setting in activated state, what happens upon UL BWP switch?
· Alt 1: The SP-CSI report setting stays in activated state, but is suspended since no resource allocation for the new UL BWP known 
· Alt 2: The SP-CSI report setting stays in activated state and CSI reporting resumes on the new UL BWP. The resource allocation for the new UL BWP is inferred by reinterpreting the bits in the RA field of the activation DCI for the old BWP (vivo)
· Alt 3: The SP-CSI report setting transitions to inactivated state (Ericsson, CATT, Docomo, Nokia, Nokia Shanghai Bell, Qualcomm, ZTE, LGEHuawei/HiSiliconIntel)

Based on majority view, we propose:
Proposal 4.1-2:
· For PUSCH-based SP-CSI report setting in activated state, when either UL BWP or DL BWP is switched, the SP-CSI report setting transitions to inactivated state. New activation message is required to transition the SP-CSI report setting back to activated state.

Another issue is whether it should be possible to activate a PUCCH-based SP-CSI report setting (associated with a certain DL BWP) prior to that DL BWP being activated, so that CSI reports can assume immediately after BWP switch, by sending an activation MAC CE while another DL BWP is active. For reference, the MAC CE activation message includes BWP Id field.
Issue 4.3: Is it possible to send “SP CSI reporting on PUCCH Activation/Deactivation” MAC CE message for a DL BWP that is not currently the active DL BWP?
· Alt 1: Yes, the BWP ID in the SP-CSI activation/deactivation MAC CE message can indicate a currently not active DL BWP (vivo, Ericsson, ZTE, LGE)
· Alt 2: No, the BWP ID in the SP-CSI activation/deactivation MAC CE message must indicate the currently active DL BWP (Huawei/HiSilicon, Qualcomm, Intel)


For Type B CSI processing capability, some clarification may be needed with respect to CSI process occupancy.
Issue 4.4: How to handle CPU occupancy for Type B CSI capability report upon DL BWP switch or cell de-activation?
[bookmark: _Hlk513713383]Proposal 4.4: For P/SP/AP CSI reporting associated with P/SP CSI-RS for Type B CSI processing capability, the CSI processing unit is released if the reporting is suspended or deactivated due to BWP switch or cell de-activation

Issue 4.5: What is the UE assumption about the activated SP resources and reports when the carrier is deactivated? 
Proposal 4.5: When a carrier is deactivated, the following resources configured in the carrier in activated state would also be deactivated and needs new activation message to transit back to activated state.
· Semi-persistent CSI-RS/CSI-IM resource
· Semi-persistent CSI reporting on PUCCH
· Semi-persistent SRS
· semi-persistent ZP CSI-RS resource set


Remaining issues on SP-CSI on PUSCH
Two issues remain for SP-CSI on PUSCH.
Issue 5.1: For PUSCH-based SP-CSI, is one or multiple SP-CSI trigger states allowed to be active simultaneously, and is DCI Format 0_1 or 0_1 used for deactivation?
· Alt 1: Only a single SP-CSI trigger state is allowed to be simultaneously active. Deactivation of SP-CSI is indicated with DCI format 0_0 (Ericsson, LGE, Qualcomm, Intel) 
· Alt 2: Multiple SP-CSI trigger states are allowed to be active simultaneously (Huawei/HiSilicon, CATT, Docomo)	Comment by ZTE: We have one question for Alt 2. The question is on the design of the CSI request field in Alt 2. If we use one CSI request field to activate/deactivate a part of multiple SP reports, how do we select the SP reports in CSI request field? I think the most straightforward way is to use a bitmap. Then the number of configured SP reports is restricted by the size of CSI request field. Further, if a bitmap is used, it naturally indicates whether it’s an activation or deactivation signalling. 
· Alt 2A: Deactivation of an SP-CSI trigger state is indicated with DCI format 0_1 (Huawei/HiSilicon, Docomo)
· Alt 2B: Deactivation of an SP-CSI trigger state is indicated with either DCI format 0_0 (deactivating all trigger states) or DCI format 0_1 (deactivating single trigger state) (CATT)
· Alt 3: Only a single SP-CSI trigger state is allowed to be activated in one DCI. Deactivation of SP-CSI is indicated with DCI format 0_1 (ZTE)

After Issue 5.1 is resolved, DCI bitfields for activation/deactivation needs to be settled as well.

Issue 5.2: Shall definition of SP-CSI trigger state be extended to support activating multiple SP-CSI report settings with the same DCI trigger (requiring RRC update)?
· Alt 1: Yes, allowing activation of multiple SP-CSI report settings with single DCI trigger ([Docomo])
· Alt 2: No, keep trigger state definition as is (Ericsson, LGEQualcomm, Intel)

Based on majority view, we propose the following:
Proposal 5.2:
· The PUSCH-based SP-CSI trigger state definition is kept as is, each trigger states activates a single CSI report setting
Correction for differential CQI
As pointed out in [7], currently the subband CQI definition has more codepoints for negative offset level than for positive offset level relative the wideband CQI, which is the opposite from how it’s handled in LTE. As the point of subband CQI is to indicate the good subbands to use for frequency-selective scheduling, it would be beneficial to sue more codepoints for positive offset level.
Proposal 6.1: Adopt the following TP for TS 38.214 (Spreadtrum, Ericsson, ZTE, LGE, Qualcomm, Huawei/HiSilicon, Samsung)
/************************ 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) = sub-band CQI index (s) – wideband CQI index
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/
Correction for CSI reporting with 1-port CSI-RS
As pointed out in [7], using 1-port CSI-RS for CQI/CRI reporting is currently not well-captured in 38.212.
Issue 7.1: Shall CSI report based on 1-port CSI-RS resource be supported?
· Alt 1: Support CSI report based on 1-port CSI-RS, where the number of bits for RI/LI/PMI is 0. (Ericsson, ZTE, LGEQualcomm, Huawei/HiSiliconSamsung)
· Alt 2: Do not support CSI report based on 1-port CSI-RS
Proposal 7.1:
· Support CSI report based on 1-port CSI-RS, where the number of bits for RI/LI/PMI is 0. Make the corresponding updates in 38.212.
Confliction between indicated Number-CQI and reported RI
It has previously been discussed that the RRC parameter number-CQI and rank restriction can convey the same information and it was suggested to remove the RRC parameter number-CQI, however no decision was reached. If the parameter is kept, there is ambiguity in the spec on the UE behaviour when reported RI conflicts with number-CQI restriction that needs to be resolved.
Issue 8.1: How to resolve ambiguity between number-CQI, rank restriction and reported RI?
· Alt 1: Remove or ignore RRC parameter number-CQI and determine the number of CQI fields in UCI from rank restriction (Ericsson, CATT, ZTE, LGE, Qualcomm, Samsung)
· Alt 2: When the UE is configured with Number-CQI set to ‘1’, rank is restricted to no more than 4 regardless of RI restriction configuration, and a single CQI is reported for one codeword per CSI (vivo, Huawei/HiSilicon)
Based on majority view, we propose the Alt 1.

Proposal 8.1:
· Remove RRC parameter number-CQI and determine the number of CQI fields in UCI from rank restriction

Issues related to DRX
As discussed by vivo, it has been agreed that PUCCH-based CSI is only reported when the UE is in DRX Active Time, i.e. CSI on PUCCH is not reported in non-Active Time. For CSI on PUSCH, it is reasonable to report A-CSI in non-Active Time as such a report is dynamically triggered. However, for SP-CSI report on PUSCH, the behaviour is not clear.
Issue 9.1: In DRX mode operation and while the UE is not in Active Time, is PUSCH-based SP-CSI reported?
· Alt 1: No, following the principles of SP-CSI on PUCCH (vivo, Ericsson, ZTE, Qualcomm, Huawei/HiSilicon)
· Alt 2: Yes, following the principles of UL SPS

There seems to be consensus for Alt 1.
Proposal 9.1:
· In DRX mode operation and while the UE is not in Active Time, PUSCH-based SP-CSI is not reported

Another issue is also raised by vivo is if there shall be a restriction that at least one CSI measurement for a report is available in DRX Active Time.
Issue 9.2: Should there be a restriction that the most recent CSI measurement occasion occurs in DRX Active time for CSI to be reported?
· Yes (vivo, Ericsson, Qualcomm, Huawei/HiSilicon)
· No
There seems to be consensus for Alt 1.
Proposal 9.2:
· The most recent CSI measurement occasion occurs in DRX Active time for CSI to be reported
Number of aperiodic CSI requests per slot
Intel proposes to limit the number of aperiodic CSI requests a UE is expected to receive in a slot to one.
Proposal 10.1: (Intel)
· Add the below sentence to section 5.2.1.5.1 of TS 38.214
· A UE is not expected to receive more than one DCI with CSI request per slot
· Note: editor of TS 38.214 may change the exact wording to reflect the above sentence
· Remove the below sentence from the section 5.2.1.5.1 of TS 38.214
· If the UE is configured with a single carrier, the UE is not expected to transmit more than one aperiodic CSI report triggered by different DCIs on overlapping OFDM symbols

ZTE: For UEs capable of operating multiple CCs, it should be okay to receive multiple CSI requests in different CCs in one slot. Then the original statement captured in specification seems sufficient.
Qualcomm: Support Proposal 10.1.  A single DCI can already trigger CSI reports on different CCs.  There’s no need to allow multiple CSI requests in different CCs in one slot.
Remaining CSI on PUCCH collision rules
The PUCCH collision rules are not yet complete as there can be multiple disjoint sets of overlapping PUCCH resources carrying CSI reports and it is unclear in which order PUCCH collision rules shall be applied. Two solutions are presented.

Issue 11.1: How to resolve remaining issues on colliding PUCCH-based CSI reports?
Alt 1: (vivo)
· If no multi-CSI PUCCH is configured, apply dropping rule on multiple PUCCH-based CSI reports successively according to the timing sequence of the first symbol of each CSI report on PUCCH:
· If a CSI report collides with the next CSI report, apply CSI dropping rule, and one of the CSI report is dropped and the other one temporarily survives
· Otherwise, both CSI reports temporarily survive
· If multiple PUCCH resources carrying CSI report have the same start OFDM symbol, the one with higher priority temporarily survives
· After going through all CSI reports, the temporarily survival CSI reports are reported.
· If J≥1 multi-CSI PUCCH resources are configured,
· First multiplex the colliding CSI reports on an appropriate multi-CSI PUCCH resource and applying associated dropping rules
· If the multi-CSI PUCCH collides with another PUCCH-based CSI report, the PUCCH-based CSI report and all of the colliding CSI reports should be multiplexed on an appropriate multi-CSI PUCCH which may differ from the previous determined multi-CSI PUCCH;
· Otherwise, the CSI reports on the multi-CSI PUCCH and the PUCCH-based CSI report will be reported separately.
Alt 2: (Ericsson, Huawei/HiSilicon, Nokia, NSB)
· [bookmark: _Toc513732063]If PUCCH resources for two or more PUCCH-based CSI reports are present in a slot, all PUCCH-based CSI reports in the slot are considered as colliding and handled according to the PUCCH collision rules, unless the two or more PUCCH resources are either 
· [bookmark: _Toc513732064]Two non-overlapping PUCCH Format 2 resources, or
· [bookmark: _Toc513732065]One PUCCH Format 3/4 resource not overlapping with a PUCCH Format 2 resource
Extension of codebook for ranks 8
It is proposed by LGE and Ericsson to remove redundant codebook entries for Type I single-panel rank 8 codedebook.
Proposal 12.1: (LGE, Ericsson, Samsung)
· [bookmark: _Toc513732068]For Type I single-panel rank 8 codebook, calculation and reporting of  is wideband, ;  ( bits)

Qualcomm: No need to change.  Codeword pruning can be done by UE implementation.
Remaining issues on LI reporting
Some issues remain regarding LI reporting.

First, a description of the definition of the LI parameter is actually missing from 38.214. The below proposal attempts a definition.
Proposal 13.1: 
· Add the following sentences to 38.214 Section 5.2.1.4.2:
· “The LI indicates which column of the precoder matrix of the reported PMI corresponds to the strongest layer of the codeword corresponding to the largest reported wideband CQI. If two wideband CQIs are reported and have equal value, the LI corresponds to strongest layer of the first codeword.” 


Issue 13.2: For WB CSI report, what is ordering in UCI  for LI reporting?	Comment by Hyungtae Kim: For Issue 13.2, the current spec. is written based on Alt2 without any relevant agreement or working assumption to support Alt2. Thus, I would like to recommend to revise the question to choose one alt, not to ask keeping the current one or not.
	Comment by Sebastian Faxér: Okay, updated accordingly.
· Alt 1: CRI → RI → Padding bits (if present) → LI (if present) → PMI → CQI (LGE)
· Alt 2: CRI → RI → LI (if present) → Padding bits (if present) → PMI → CQI (Ericsson, ZTE, Qualcomm, Samsung, Nokia, NSB)
Based on majority view, we propose to go with Alt 2.
Proposal 13.2:
· WB CSI report, the UCI parameter ordering for LI reporting is as follows: CRI → RI → LI (if present) → Padding bits (if present) → PMI → CQI.
· Note: This is already captured in specification
Support of WB CSI report for Type II CSI
Some companies propose that Type II shall only be supported for SB CSI and not for WB CSI configuration. 
Proposal 14.1: (Samsung, Ericsson, Qualcomm)
· WB Type II CSI (comprising both Part 1 and Part 2) reporting is not supported	Comment by 박해욱/선임연구원/차세대표준(연)CAS팀(haewook.park@lge.com): It is unclear that does this proposal only applied for PUCCH based reporting? If so, in my understanding, PUCCH based WB reporting is comprised of only one part CSI. 
Huawei: WB Type II CSI can be configured under current agreement and spec. We do not observe any issues for WB type II CSI feedback. A typical use case for WB type II CSI is gNB can obtain the WB instantaneous accurate channel and then obtain the statistical channel of certain UE to do some optimized algorithms, such as dimension reduction of Tx ports, to reduce the feedback and pilot overhead.

Nokia, NSB: we don’t see the need of putting such constraint, up to gNB implementation.

How to capture CSI priority rules in specification
CATT proposed to change the way CSI priority rules are captured in 38.214.
Issue 15.1: How to capture the CSI priority rules in Subclause 5.2.5 in TS 38.214?
· Alt 1: Keep existing priority value () based approach. No spec change needed. (Ericsson, LGE, Qualcomm, Samsung, Nokia, NSB)
· Alt 2: Capture the agreed rules verbatim in specification (CATT, Huawei/HiSilicon)
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