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Introduction
This document summaries open issues in CSI reporting. The offline agreements are presented in Section 1.1.
Offline Agreements
Offline Proposal #1:
· Remove UE capability FG 2-57 on low latency CSI
· Remove UE capability component 6 in FG 2-35 on Type A/B CSI processing capability
· Refine the UE CSI processing capability as follows
· Define two tables
· Table 1 for the case where only a single CSI report is aperiodically triggered
· Table 1 is defined for low-latency CSI only
Table 1: A-CSI timing requirement 1 with single capability
	SCS
	Low-latency CSI

	
	CSI only (proposal)

	
	Z(1)
	Z’(1)

	15kHz
	10
	8

	30kHz
	13
	11

	60kHz
	25
	21

	120kHz
	43
	36



Table 1A: A-CSI timing requirement 1 with split premium/basic capability
	SCS
	Low-latency CSI premium Capability 
	Low-latency CSI basic Capability

	
	CSI-only 
	CSI only 

	
	Z(1)
	Z’(1)
	Z(1)
	Z’(1)

	15kHz
	9
	7
	11
	8

	30kHz
	13
	10
	14
	12

	60kHz
	21
	13
	25
	21

	120kHz
	34
	25
	43
	36



Table 1B: A-CSI timing requirement 1 with split advanced/normal capability
	SCS
	Low-latency CSI advanced Capability 
	Low-latency CSI normal Capability

	
	CSI-only 
	CSI only 

	
	Z(1)
	Z’(1)
	Z(1)
	Z’(1)

	15kHz
	5
	4
	11
	8

	30kHz
	7
	6
	14
	12

	60kHz
	13
	11
	25
	21

	120kHz
	22
	18
	43
	36





· Table 2 for all other cases 
Table 2: A-CSI timing requirement 2
	SCS
	Low-latency CSI
	High Latency CSI

	
	CSI-only 
	CSI-only 

	
	Z(1)
	Z’(1)
	Z(1)
	Z’(1)

	15kHz
	22
	16
	
	

	30kHz
	33
	30
	
	

	60kHz
	44 / 39
	42 / 33
	
	

	120kHz
	85 / 77 
	85 / 65
	
	





Table 4: A-CSI timing requirement 2 (assuming CRI occupies 1 CPU) proposal
	SCS
	High-Latency CSI

	
	CSI only (proposal)

	
	Z(1)
	Z’(1)

	15kHz
	65
	60

	30kHz
	116
	113

	60kHz
	144
	140

	120kHz
	244
	232



Table 5: A-CSI timing requirement 2 (assuming CRI occupies Ks CPU) proposal
	SCS
	High-Latency CSI

	
	CSI only (proposal)

	
	Z(1)
	Z’(1)

	15kHz
	40
	37

	30kHz
	72
	69

	60kHz
	141
	140

	120kHz
	152
	140




Table 6: A-CSI timing requirement 2 (assuming UE capability on supporting either one or Ks CPU occupancy for CRI) proposal
	SCS
	High-Latency CSI

	
	CSI only (proposal)

	
	Z(1)
	Z’(1)

	15kHz
	36
	35

	30kHz
	70
	67

	60kHz
	88
	87

	120kHz
	152
	140





· When X CSI processing units are unoccupied and a single report with low latency CSI class without UL-SCH is triggered 
· Select one of the following alternatives:
· Alt 1: The timing requirements are defined by Z(1) in Table 1B
· A UE can indicate either advanced or normal capability for each SCS as FG capability 2-35 Component 4
· Alt 2: The timing requirements are defined by Z(1) in Table 1
· There is no “advanced UE CSI processing” capability in Rel-15
· Alt 3: The timing requirements are defined by Z(1) in Table 1A
· A UE can indicate either premium or basic capability for all SCS as a new 1-bit Component in FG capability 2-35 
· There is no “advanced UE CSI processing” capability in Rel-15
· This report occupies X CSI processing units
· X is the number of CSI processing units supported by a UE
· Otherwise, the timing requirements are defined by (Z,Z’) in Table 2 and follows the regular CPU occupancy rules

· When a single DCI triggers N >= 1 A-CSI reports RS (each with single CSI-RS resource in the set for channel measurement) ((Zn, Z'n) for report n), but UE only has M<=X unoccupied CSI processing units, UE is only required to update M of the N CSI reports 
· Additionally, CSI for a report n=0,1,…M-1 is not updated if the PUSCH scheduling offset does not give enough CSI calculation time for that CSI report according to  where the reports are indexed according to the priority rule in Section 5.2.5 of TS38.214 

· CPU occupancy rules for Table 2
· When single DCI triggers N>=1 A-CSI reports based on A-CSI-RS (each with single CSI-RS resource in the set for channel measurement), 
· min(M, N) CPUs are occupied from the first symbol after the PDCCH triggering the report until the last symbol of the PUSCH carrying the report
· For A/P/SP CSI reporting based on P/SP CSI-RS
· The CSI reporting setting associated with P/SP CSI-RS/CSI-IM resource is assigned [one or Ks] CSI processing unit and occupy [it or them] from the earliest one of the first symbol of the latest CSI-RS/CSI-IM resource earlier than the corresponding CSI reference resource until the last symbol of the PUSCH/PUCCH carrying the report
· When triggered with a CSI report with a set containing Ks > 1 CSI-RS resources for channel measurement
· 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
· Select one of the following alternatives:
· Alt-1: A CSI report occupies a single CSI processing unit with the Z values in Table 4 is used
· The latency requirement is calculated based on (Z, Z') according to the High latency CSI class 
· Alt-2: The CSI report occupies Ks CSI processing units and the latency requirement for each unit is calculated based on (Z, Z') according to the High latency CSI class with the Z values in Table 5
· Alt 3: Add a UE capability to indicate if CRI reporting occupies either one or Ks CPUs, use Z values in table above for Table 6
· Alt-4: CRI reporting for CSI is not supported in Rel-15, Z values in Table 5 is used

· Simultaneous resources in FG 2-36, 2-40, 2-41, 2-43, 2-33
· In any slot, the number of “active” CSI-RS resources/ports should not exceed the numbers reported in FG2-36, 2-40, 2-41, 2-43, 2-33 
· An NZP CSI-RS resource is active in a duration of time defined as follows:
· For A-CSI-RS, 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.
· For SP-CSI-RS, starting from the end of the activation command is applied, and ending at the end of the deactivation command is applied.
· For P-CSI-RS, the activate duration ends when the P-CSI-RS configuration is released.
· Modify UE feature group 2-33 as follows:
	Features
	 

	#
	2-33

	Feature group
	CSI-RS and CSI-IM reception for CSI feedback

	Components
	1. Supported max # of configured NZP-CSI-RS resources per CC
2. Supported max # of ports across all configured NZP-CSI-RS resources per CC
3. Supported max # of configured CSI-IM resources per CC

4. Supported max # simultaneous CSI-RS resources in active BWPs across all CCs
5. Supported max total # of CSI-RS ports in simultaneous CSI-RS resources in active BWPs across all CCs


	Prerequisite feature groups
	2-32

	Need for gNB to know whether the
	Yes

	Consequences if the feature
	CSI acquisition is not supported

	Type (see R2-1712078)
	Type 3

	Need of FDD/TDD differentiation
	N.A.

	Need of FR1/FR2 differentiation
	N.A. 

	RAN5 implication
	 

	Note
	Note: all the candidate values are the range of capability signaling which doesn’t determine whether UE is mandatory to support all the signaling values. 

	Responsible WG
	 

	RAN WG recommendation
	Component-1 candidate values: {from 1 to 32} 
Component-2 candidate values: , further down-select between: Alt.1: {from 4 to 64}, Alt.2: {from 4 to 256}, Alt.3: {from 4 to 256} 
Component-3: candidate values: {1,2,4,8,16,32}

Component-4: candidate values {5, 6, 7, 8, 9, 10, 12, 14, 16, …, 62, 64} (includes all even numbers between 16 and 64)

Component-5: candidate values {2, 4, 8, 16, 24, …, 248, 256}, Note: 2 is only applicable for FR2

	TSG-RAN decision
	 




Offline Agreement #1:
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? 
· The M reports with highest priority according to priority rule in Section 5.2.5 

Offline Agreement #2:
· If UE supports X simultaneous CSI calculations, a UE is not expected to be configured with an aperiodic CSI trigger state containing more than X CSI reports settings across all CCs
Offline Agreement #3:
When single CSI report is not multiplexed with UL-SCH and Z’ timing requirement is not met (but Z condition is met),
· A UE does not expect to be scheduled with a DCI where the Z’ criterion is not met, and may ignore the DCI 

Offline Agreement #4:
· Refine the agreement from Monday session as follows:
· For the purpose of simultaneous CSI-RS reception in UE features 2-33, 2-36, 2-40, 2-41 and 2-43, CSI-RS ports within one CSI-RS resource, as well as the CSI-RS resource, are counted N times if the CSI-RS resource is referred by N resource Report settings

Offline Agreement #5:
· 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 µCSI-RS correspond to the minimum subcarrier spacing of the all aperiodic CSI-RS triggered by the DCI
· To determine Z and Z’, the reference SCS µ corresponds to min(min(µDL, µCSI-RS), µUL)



Offline Conclusion #1:
For PUSCH-based SP-CSI, each DCI only activates a single trigger state. One codepoint of the CSI request field triggers a single trigger state. The PUSCH-based SP-CSI trigger state definition is kept as is, each trigger states activates a single CSI report setting.
· The same size of CSI request field is used for SP-CSI as for aperiodic CSI and depends on reportTriggerSize. The number of trigger states for SP-CSI and aperiodic CSI does not need to be the same.

Offline Agreement #6:
For PUSCH-based SP-CSI, multiple SP-CSI trigger states are allowed to be simultaneously active. Deactivation of an SP-CSI trigger state is indicated with DCI format 0_1
· UE is not expected to transmit more than one SP-CSI on PUSCH per slot, for all CCs

Offline Agreement #7:
· Use the following DCI fields for SP-CSI activation/deactivation:
Table A: Special field for SP-CSI Activation PDCCH validation
	
	DCI format 0_1

	HARQ process number
	set to all '0's

	Redundancy version
	set to '00'



Table B: Special fields for SP-CSI Deactivation PDCCH Validation
	
	DCI format 0_1

	HARQ process number
	set to all '0's

	Modulation and coding scheme 
	set to all '1's

	Resource block assignment 
	 If higher layer configures RA type 0 only, set to all ‘0’s;
If higher layer configures RA type 1 only, set to all ‘1’s;
If higher layer configures dynamic switch between RA type 0 and 1, then if MSB is’0’, set to all ‘0’s; else, set to all ‘1’s 

	Redundancy version
	[bookmark: _GoBack]set to '00'





Offline agreement #8:
How to correct CSI reference resource with respect to active BWP?
<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>


Offline working assumption #1 (to be checked by scheduling experts):
How to correct CSI reference resource with respect to definition of downlink slot?
· Adopt TP below
<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 higher layer configured 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>

Offline agreement #9:
· 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.
· Note: This applies to Rel-15.


Offline conclusion #2: 
WB Type II CSI on PUSCH (comprising both Part 1 and Part 2) reporting is supported

Offline conclusion #3:
· Editor to align definition of “CSI report” to mean either a set of PMI/RI/CQI/LI corresponding to one CSI report setting or the physical channel carrying possibly multiple CSIs
· Editor to align definition of single/multiple CQI/PMI to wideband/subband CQI/PMI








Comebacks from online session

Offline proposal:
· When (single or multiple) CSI report(s) is multiplexed with UL-SCH and N2’ criterion is met but Z’’ criterion is not met, the UE drops the CSI, but transmit the UL-SCH without CSI multiplexed on PUSCH

Offline proposal:
· Alt 1: 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.  
· Supportive: Qualcomm, ZTE, Huawei/HiSilicon, MediaTek
· Object: LGE, Intel, Samsung
· Alt 2: SRS precoder determination based on CSI-RS measurement does not occupy a CSI processing unit
· Supportive: LGE, Intel, Samsung
· Alt 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, the maximum number of ports in the associated CSI-RS resource is 4.
· Object: 






Agreements from online session
Agreement
· 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)


Agreement
· 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

Agreement
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)
Agreement
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 

Conclusion
TRS does not occupy a CPU
Agreement
· 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
Agreement
· 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.

Agreement
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


Agreement
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) = sub-band CQI index (s) – wideband CQI index
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/

Agreements
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.

Agreement
The number of CQI fields in UCI is determined only from rank restriction

Agreement
The most recent CSI measurement occasion occurs in DRX Active time for CSI to be reported
Agreement
· Add the following sentences to 38.214 Section 5.2.1.4.2 as the definition of LI:
· “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.” 

Agreement
· 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
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