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1. Introduction
In this contribution, we further discuss maintenance for CSI acquisition.
2. SP-CSI reporting on PUSCH
Indication of SP-CSI trigger state 
In RAN1#93 meeting [1], the following conclusion and agreements were reached for SP-CSI reporting on PUSCH:
Conclusion
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.

Agreement
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

Agreement
· 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
set to '00'


[bookmark: OLE_LINK1]However, for PUSCH based SP-CSI, the codepoint of CSI request field interpretation, there is no agreement yet. For aperiodic CSI, the DCI field is interpreted as follows [2]:
-	When all the bits of CSI request field in DCI are set to zero, no CSI is requested.





-	When the number of configured CSI triggering states in CSI-AperiodicTriggerStateList is greater than , where  is the number of bits in the DCI CSI request field, the UE receives a selection command [10, TS 38.321] used to map up to  trigger states to the codepoints of the CSI request field in DCI.  is configured by the higher layer parameter reportTriggerSize where . When the HARQ/ACK corresponding to the PDSCH carrying the selection command is transmitted in the slot n, the corresponding action in [10, TS 38.321] and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field shall be applied starting from slot .

-	When the number of CSI triggering states in CSI-AperiodicTriggerStateList is less than or equal to , the CSI request field in DCI directly indicates the triggering state and the UE's quasi co-location assumption.
-	For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in Subclause 5.1.5, through higher layer signaling of qcl-info which contains a list of references to TCI-State's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a State referred to in the list is configured with a reference to an RS associated with 'QCL-TypeD', that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic or semi-persistent located in the same or different CC/DL BWP. 
-	A non-zero codepoint of the CSI request field in the DCI is mapped to a CSI triggering state according to the order of the CSI triggering state ID in the up to  trigger states with codepoint '1' mapped to the triggering state having the smallest triggering state ID


Analogously, for SP-CSI the CSI request field can have similar interpretation. Hence, we have following text proposal.
5.2.1.5.2   Semi-persistent CSI/Semi-persistent CSI-RS [TS38.214]
[…]
For semi-persistent reporting on PUSCH, a set of semi-persistent Reporting settings are higher layer configured by CSI-SemiPersistentOnPUSCH-TriggerStateList, the CSI request field in DCI scrambled with SP-CSI-RNTI activates one of the semi-persistent CSI reports and the PUCCH resource used for transmitting the CSI report are configured by reportConfigType. A trigger state is initiated using the CSI request field in DCI.
· When all the bits of CSI request field in DCI are set to zero, no CSI is requested.





[bookmark: _Hlk498207844]-	When the number of configured CSI triggering states in CSI-SemiPersistentOnPUSCH-TriggerStateList is greater than , where  is the number of bits in the DCI CSI request field, the UE receives a selection command [10, TS 38.321] used to map up to  trigger states to the codepoints of the CSI request field in DCI.  is configured by the higher layer parameter reportTriggerSize where . When the HARQ/ACK corresponding to the PDSCH carrying the selection command is transmitted in the slot n, the corresponding action in [10, TS 38.321] and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field shall be applied no earlier than slot .

-	When the number of CSI triggering states in CSI-SemiPersistentOnPUSCH-TriggerStateList is less than or equal to , the CSI request field in DCI directly indicates the triggering state and the UE's quasi co-location assumption.
	A non-zero codepoint of the CSI request field in the DCI is mapped to a CSI triggering state according to the order of the CSI triggering state ID in the up to  trigger states with codepoint '1' mapped to the triggering state having the smallest triggering state ID.
[…]

Proposal 1: Adopt the TP for CSI request field interpretation to activate SP-CSI trigger state.

Indication of SP-CSI deactivation state
Moreover, there is no description for SP-CSI deactivation in the specification yet. In last meeting, it was agreed that SP-CSI is deactivated by DCI format 0_1. For the CSI request field codepoint interpretation for SP-CSI deactivation, there are following alternatives:
Alt.1: A non-zero codepoint can deactivate one SP-CSI only, multiple SP-CSI should be deactivated by multiple deactivation states. CSI request field with all ‘0’ is not expected for CSI deactivation.
Alt.2: A non-zero codepoint can deactivate one SP-CSI only, CSI request field with all ‘0’ deactivates all the activated CSI.
The point is how to interpret the all ‘0’ state of CSI request field. To align with SP-CSI activation state codepoint interpretation, in which CSI field all ‘0’ means no CSI is requested, Alt.2 is preferred.
Proposal 2: Adopt following CSI request field interpretation for SP-CSI deactivation: A non-zero codepoint in the CSI request field can deactivate one SP-CSI only, CSI request field with all ‘0’ deactivates all the activated CSI.
3. Type I wideband CSI reporting on PUCCH
In RAN1#AH3 meeting [3], there was discussion about CSI reporting characteristic, e.g., physical channel used for CSI reporting, and agreements were achieved. According to the agreement, Type I wideband CSI can be carried by long PUCCH.

Encoding for long PUCCH-based reporting
· Proposal: 
· For wideband or partial-band reporting, use the same solution as short PUCCH
· The same payload irrespective of RI/CRI
· For subband reporting
· Use solution as for PUSCH (two-part encoding): slide 4 of R1-1715288
· Note: CRI/RI can be decoded first to determine the payload of PMI/CQI


However, this is not fully captured in the specification, i.e., Type I CSI with wideband frequency granularity carried by long PUCCH is not captured yet. Hence, we have following text proposal.

<TP for Section 5.2.4 of TS 38.214>
A UE shall perform semi-persistent CSI reporting on the PUCCH applied starting from slot  after the HARQ-ACK corresponding to the PDSCH carrying the selection command [10, TS 38.321] is transmitted in slot n. The selection command will contain one or more Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are configured. Semi-persistent CSI reporting on the PUCCH supports Type I CSI. Semi-persistent CSI reporting on the PUCCH format 2 supports Type I CSI with wideband frequency granularity. Semi-persistent CSI reporting on PUCCH formats 3 or 4 supports Type I wideband CSI, Type I Sub-band CSI and Type II CSI with wideband frequency granularity.
</TP>

Proposal 3: Adopt the TP for Type I wideband CSI reporting on PUCCH.

4. Multi-CSI reports
At the current specification 38.213 [4], it is described that multiple CSI reports are transmitted in a PUCCH resource. For a collision among multiple CSI reports, the CSI reports are multiplexed on a PUCCH resource for multi-CSI reports, which is configured by higher layer parameter multi-CSI-PUCCH-ResourceList. For a collision among multiple CSI reports and HARQ-ACK, the UCI is multiplexed on a PUCCH resource determined by PUCCH resource indicator field in DCI. The priority rule is used to drop some CSI reports or CSI part 2 of some CSI reports when the coding rate in the case that all CSI reports are multiplexed on a PUCCH resource is over the maximum coding rate configured by higher layer parameter maxCodeRate.
	9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH
[…]
If a UE has CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH



-	if the UE is provided by higher layer parameter pucch-CSI-ResourceList or by higher layer parameter multi-CSI-PUCCH-ResourceList with  PUCCH resources, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Subclause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order , and configured code rate ;



-	if [image: ], the UE uses PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource ;



-	else if [image: ] and [image: ], , the UE transmits a PUCCH conveying HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource; 



-	else the UE uses the PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource  and the UE selects [image: ] CSI report(s) for transmission together with HARQ-ACK/SR, when any, in ascending priority order as described in [6, TS 38.214]. 
If a UE has HARQ-ACK/SR and wideband or sub-band CSI reports to transmit and the UE determines a PUCCH resource with PUCCH format 2, or the UE has HARQ-ACK/SR and wideband CSI reports [6, TS38.214] to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 
-	the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 
-	the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for [image: ] UCI bits
and
-	if [image: ], the UE transmits the HARQ-ACK/SR and periodic/semi-persistent CSI reports bits by selecting the minimum number [image: ] of the [image: ] PRBs satisfying [image: ] as described in Subclauses 9.2.3 and 9.2.5.1;
-	else, the UE selects [image: ] CSI report(s) for transmission together with HARQ-ACK/SR in ascending priority order, where  the value of [image: ] satisfies [image: ] and [image: ], where  [image: ] is a number of CRC bits corresponding to [image: ] UCI bits, and [image: ] is a number of CRC bits corresponding to [image: ] UCI bits.
If a UE has HARQ-ACK/SR and sub-band CSI reports to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 
-	the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 
-	the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for [image: ] UCI bits
and



-	if [image: ], the UE transmits the HARQ-ACK/SR and the [image: ] periodic/semi-persistent CSI report bits by selecting the minimum number  of PRBs from the  PRBs satisfying  as described in Subclauses 9.2.3 and 9.2.5.1;
-	else, 

-	if for  CSI part 2 report priority level(s), it is
[image: ] and 
[image: ], 






the UE selects the first  CSI part 2 report priority level(s), according to [6, TS 38.214], for transmission together with the HARQ-ACK/SR and  CSI part 1 reports , where  is the number of CSI part 1 report bits for the  CSI report and  is the number of CSI part 2 report bits for the  CSI report priority level, [image: ]is a number of CRC bits corresponding to [image: ], and [image: ] is a number of CRC bits corresponding to [image: ]; 

-	else, the UE drops all CSI part 2 reports and selects  CSI part 1 report(s), in ascending priority order, for transmission together with the HARQ-ACK/SR bits where the value of [image: ] satisfies [image: ] and [image: ], where [image: ]is a number of CRC bits corresponding to [image: ] UCI bits, and [image: ] is a number of CRC bits corresponding to [image: ] UCI bits.
[…]



On the other hand, at 5.2.5 in the current specification 38.214 [4], all CSI reports except a CSI report with the highest priority are always dropped based on a priority rule. This is in conflict with the procedure in 38.213.  For different periodicity types, we think lower priority CSI should be dropped as LTE, hence we propose the following TP to 38.214.
Proposal 4: Adopt the TP for multi-CSI reports.
	[bookmark: _Toc517439496]5.2.5	Priority rules for CSI reports
CSI reports are associated with a priority value  where




-	 for aperiodic CSI reports to be carried on PUSCH  for semi-persistent CSI reports to be carried on PUSCH,  for semi-persistent CSI reports to be carried on PUCCH and  for periodic CSI reports to be carried on PUCCH;


-	 for CSI reports carrying L1-RSRP and  for CSI reports not carrying L1-RSRP;
-	c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells;

-	s is the reportConfigID and is the value of the higher layer parameter maxNrofCSI-ReportConfigurations.

A first CSI report is said to have priority over second CSI report if the associated  value is lower for the first report than for the second report.
Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two colliding CSI reports, 
if y values are different between the two CSI reports, the following rules apply (for CSI reports transmitted on PUSCH, as described in Subclause 5.2.3; for CSI reports transmitted on PUCCH, as described in Subclause 5.2.4): 

-	The CSI report with higher  value shall not be sent by the UE,
otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in Subclause 9.2.5.2 in 38.213.
If a semi-persistent CSI report to be carried on PUSCH collides with PUSCH data transmission, when the starting symbols between the two channels are aligned, the CSI report shall not be transmitted by the UE. 



5. Summary
In this contribution, we discuss remaining issues for CSI reporting. Based on the discussion, we have following proposals:
Proposal 1: Adopt the TP for CSI request field interpretation to activate SP-CSI trigger state.
5.2.1.5.2   Semi-persistent CSI/Semi-persistent CSI-RS [TS38.214]
[…]
For semi-persistent reporting on PUSCH, a set of semi-persistent Reporting settings are higher layer configured by CSI-SemiPersistentOnPUSCH-TriggerStateList, the CSI request field in DCI scrambled with SP-CSI-RNTI activates one of the semi-persistent CSI reports and the PUCCH resource used for transmitting the CSI report are configured by reportConfigType. A trigger state is initiated using the CSI request field in DCI.
· When all the bits of CSI request field in DCI are set to zero, no CSI is requested.





-	When the number of configured CSI triggering states in CSI-SemiPersistentOnPUSCH-TriggerStateList is greater than , where  is the number of bits in the DCI CSI request field, the UE receives a selection command [10, TS 38.321] used to map up to  trigger states to the codepoints of the CSI request field in DCI.  is configured by the higher layer parameter reportTriggerSize where . When the HARQ/ACK corresponding to the PDSCH carrying the selection command is transmitted in the slot n, the corresponding action in [10, TS 38.321] and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field shall be applied no earlier than slot .

-	When the number of CSI triggering states in CSI-SemiPersistentOnPUSCH-TriggerStateList is less than or equal to , the CSI request field in DCI directly indicates the triggering state and the UE's quasi co-location assumption.
	A non-zero codepoint of the CSI request field in the DCI is mapped to a CSI triggering state according to the order of the CSI triggering state ID in the up to  trigger states with codepoint '1' mapped to the triggering state having the smallest triggering state ID.
[…]

Proposal 2: Adopt following CSI request field interpretation for SP-CSI deactivation: A non-zero codepoint in the CSI request field can deactivate one SP-CSI only, CSI request field with all ‘0’ deactivates all the activated CSI.
Proposal 3: Adopt the TP for Type I wideband CSI reporting on PUCCH.
<TP for Section 5.2.4 of TS 38.214>
A UE shall perform semi-persistent CSI reporting on the PUCCH applied starting from slot  after the HARQ-ACK corresponding to the PDSCH carrying the selection command [10, TS 38.321] is transmitted in slot n. The selection command will contain one or more Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are configured. Semi-persistent CSI reporting on the PUCCH supports Type I CSI. Semi-persistent CSI reporting on the PUCCH format 2 supports Type I CSI with wideband frequency granularity. Semi-persistent CSI reporting on PUCCH formats 3 or 4 supports Type I wideband CSI, Type I Sub-band CSI and Type II CSI with wideband frequency granularity.
</TP>

Proposal 4: Adopt the TP for multi-CSI reports.
	5.2.5	Priority rules for CSI reports
CSI reports are associated with a priority value  where




-	 for aperiodic CSI reports to be carried on PUSCH  for semi-persistent CSI reports to be carried on PUSCH,  for semi-persistent CSI reports to be carried on PUCCH and  for periodic CSI reports to be carried on PUCCH;


-	 for CSI reports carrying L1-RSRP and  for CSI reports not carrying L1-RSRP;
-	c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells;

-	s is the reportConfigID and is the value of the higher layer parameter maxNrofCSI-ReportConfigurations.

A first CSI report is said to have priority over second CSI report if the associated  value is lower for the first report than for the second report.
Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two colliding CSI reports, 
if y values are different between the two CSI reports, the following rules apply (for CSI reports transmitted on PUSCH, as described in Subclause 5.2.3; for CSI reports transmitted on PUCCH, as described in Subclause 5.2.4): 

-	The CSI report with higher  value shall not be sent by the UE,
otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in Subclause 9.2.5.2 in 38.213.
If a semi-persistent CSI report to be carried on PUSCH collides with PUSCH data transmission, when the starting symbols between the two channels are aligned, the CSI report shall not be transmitted by the UE. 
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