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1. Introduction
In this contribution, we further discuss some remaining issues for CSI reporting.
2. PUCCH resource configuration for CSI reporting
In RAN1#AH_1801 meeting [1], following agreements were reached regarding PUCCH resource configuration for CSI reporting:Agreement:
· Support configuring the UE with J>=1 PUCCH resource configuration per UL BWP candidate used for carrying multiple CSI reports (associated with a PUCCH resource config (Format 2/3/4 and its Maximum Code rate))
· In case the PUCCH resources for two or more PUCCH-based CSI reports collide (at least partially overlap in time), the colliding CSI reports with the highest priorities are carried in a multi-CSI PUCCH resource and remaining CSI reports are dropped
· The number of included CSI reports is determined by the configured maximum code rate of the multi-CSI PUCCH resource 
· This applies to CSI only transmission on PUCCH, i.e. not multiplexed with HARQ-ACK
· The PUCCH resource for carrying multiple CSI reports does not need to be configured to a UE
· FFS if periodicity of multi-CSI resource needs to be defined
· FFS value of J
· Exact mechanism TBD in RAN1#92
Include as part of LS to RAN2

The agreement above addresses the issue when PUCCH resources for carrying multiple CSI reports collide and enables to select one PUCCH resource to carry multiple CSI reports. However, the number of PUCCH resources can be configured to a UE and the resource selection criteria are not provided yet. In this section, we discuss remaining issues for PUCCH resource configuration for CSI reporting, which are colored in yellow in the agreements above.
Definition of multi-CSI PUCCH resource
In the agreements, we can have different understandings for multi-CSI PUCCH resource, i.e.,
· Understanding 1: A PUCCH resource carries multiple CSIs. In this sense, every PUCCH resource with Format 2/3/4 can be referred to multi-CSI PUCCH resource.
· Understanding 2: When PUCCH resources collide, CSIs carried by different PUCCH resources should be accommodated to one PUCCH resource, which is referred to multi-CSI PUCCH resource.
The confusion is caused by following reason: In LTE, PUCCH resource with PF 2 can carry one CSI report only, while PUCCH PF 4/5 can carry multiple CSI reporting, so there is difference between PUCCH resources, i.e., PUCCH resource with PF 2 is used for single CSI reporting, while PUCCH resource with PF 4/5 is used for multiple CSI reporting.
Different from LTE, in NR, all PUCCH resources with PF 2/3/4 can carry multiple CSI reporting, which is determined by gNB scheduling. In that sense, all PUCCH resources with PF 2/3/4 can be multi-CSI PUCCH resource. As the RRC parameters shown in Table 1, in current CSI acquisition framework, for each CSI-ReportConfig, pucch-CSI-Resource(s) is configured for periodic or semi-persistent CSI reporting [2]. It is possible that for one UE, multiple CSI-ReportConfigs are configured, as well as multiple pucch-CSI-Resources. In addition, the pucch-CSI-ResourceIndex can be the same for different CSI-ReportConfig. In that sense, one PUCCH resource can be used to carry multiple CSI reporting, which is up to gNB scheduling.
Table 1: Parameters for CSI reporting configurationCSI-ReportConfig ::=					SEQUENCE {
	reportConfigId							CSI-ReportConfigId,
	-- Time domain behavior of reporting configuration
	reportConfigType						CHOICE {
		periodic								SEQUENCE {
			-- Periodicity and slot offset . Corresponds to L1 parameter 'ReportPeriodicity'and 'ReportSlotOffset' 
			-- (see 38.214, section section 5.2.1.4).
			reportSlotConfig						CHOICE {
				sl5										INTEGER(0..4),
				sl10									INTEGER(0..9),
				sl20									INTEGER(0..19),
				sl40									INTEGER(0..39),
				sl80									INTEGER(0..79),
				sl160									INTEGER(0..159),
				sl320									INTEGER(0..319)
			},
			-- Indicates which PUCCH resource to use for reporting on PUCCH.
			pucch-CSI-ResourceIndex					TYPE_FFS!
		},
		semiPersistent							SEQUENCE {
			-- Periodicity and slot offset. Corresponds to L1 parameter 'ReportPeriodicity' and 'ReportSlotOffset' 
			-- (see 38.214, section section 5.2.1.4). 
			reportSlotConfig						CHOICE {
				sl5										INTEGER(0..4),
				sl10									INTEGER(0..9),
				sl20									INTEGER(0..19),
				sl40									INTEGER(0..39),
				sl80									INTEGER(0..79),
				sl160									INTEGER(0..159),
				sl320									INTEGER(0..319)
			},
			-- Indicates which PUCCH resource to use for reporting on PUCCH.
			pucch-CSI-ResourceIndex					TYPE_FFS!
		},
[unrelated ommitted]
	},
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Figure 1: PUCCH resource adaption when PUCCH resources collide
Figure 1 shows an example on the behavior when PUCCH resources collide. In this example, pucch-CSI-Resource #1 carries reportConfig #1; pucch-CSI-Resource #2 carries reportConfig #2-#3; pucch-CSI-Resource #3 carries reportConfig #4-#8. When pucch-CSI-Resource #2 and #3 collide, pucch-CSI-Resource #3 is used to carry reportConfig #2-#8 (according to coderate, some CSI can be dropped). According to the understanding 1, pucch-CSI-Resource #2 and pucch-CSI-Resource #3 are multi-CSI PUCCH resources, while only pucch-CSI-Resource #3 is multi-CSI PUCCH resource for the understanding 2.
To avoid the confusion, definition for multi-CSI PUCCH resource should be clarified. In the agreement, multi-CSI PUCCH is used to handle PUCCH resources collision issue, thus understanding 2 should be adopted.
Proposal 1: Define multi-CSI PUCCH resource as: The PUCCH resource to which the CSI original carried by multiple colliding PUCCH resources should be accommodated.

Periodicity of multi-CSI PUCCH resource
For either periodic or semi-persistent CSI reporting, periodicity is configured, which can also be found in Table 1, with parameter reportSlotConfig. Once the periodicity for CSI reporting is configured, the PUCCH resource activation periodicity is settled, i.e., the PUCCH resource periodicity can be derived from CSI reporting configurations. And multi-CSI PUCCH resource is one of the PUCCH resource, thus there is no necessity to introduce additional periodicity for multi-CSI PUCCH resource.
Observation 1: It is not necessary introduce additional periodicity for multi-CSI PUCCH resource. 

Value of J
For value J, there are also two understandings:
· Understanding 1: The number of PUCCH resources configured to one UE
· Understanding 2: The number of PUCCH resources configured to one CSI-ReportConfig
For understanding 1, since for each CSI reporting PUCCH resource is configured by gNB, the PUCCH resources can be identical or different. Thus there is no such need to introduce value J.
For understanding 2, J should be equal to 1. The reasons are provided below:
· In LTE, we should consider backward compatibility, i.e., in LTE, PUCCH PF 2 should be always configured, thus for multi CSI case, we should select PUCCH resource between PF 2 and PF 4/5. However, in NR, such backward compatibility does not need to be considered. Thus, more than one PUCCH resources configuration is not necessary. 
· Moreover, for periodic and semi-persistent CSI reporting, CSI reporting periodicity, offset as well as CSI quantity are configured by gNB, in that sense, CSI overhead for each slot is clear to gNB, as well as the resource allocation. When more than one periodic or semi-persistent CSI reporting are configured, the gNB can predict PUCCH collision. To allow multiple CSI reporting, gNB should configure at least one CSI reporting with PUCCH resource that can accommodate all (or partial of) the CSI reporting. In this sense, define more than one PUCCH resources is not necessary.
Proposal 2: For CSI reporting only, J =1 for each CSI-ReportConfig.

Multi-CSI PUCCH resource determination
When more than one PUCCH resources collide, PUCCH resource selection criteria should be provided. Two options are provided below.
· Opt. 1: Select PUCCH resource according to PUCCH resource capacity/coderate
· [bookmark: _GoBack]When PUCCH resources collide, UE can select one PUCCH resource with proper PUCCH capacity/coderate, e.g., For N PUCCH resources {PUCCH resource #1, PUCCH resource #2, … PUCCH resource #N}, X(n) is the corresponding capacity/coderate for PUCCH resource #n, X(1)<X(2)…<X(N), when the CSI overhead is Y, X(K)<Y<X(M), PUCCH resource #M is selected (1<=K<M<N)
· If Y>X(N), PUCCH resource# N is selected 
· Opt. 2: Select PUCCH resource according to CSI priority
As shown in the figure below, for PUCCH resources collision, there are two possible cases for the starting symbol alignment for the resources
· Case 1: PUCCH resources are configured with same starting symbol
· Case 2: PUCCH resources are configured with different starting symbols
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Figure 2: Cases for PUCCH resources starting symbol alignment
For case 1, PUCCH resource can be selected by PUCCH resource capacity/coderate, which is identical to Alt.1.
For case 2-1, when CSI having higher priority carried by PUCCH-CSI-Resource #2 is not ready to be reported on PUCCH-CSI-Resource #1, PUCCH-CSI-Resource #2 is selected
For case 2-2, when CSI having higher priority carried by PUCCH-CSI-Resource #1 is not ready to be reported on PUCCH-CSI-Resource #2, PUCCH-CSI-Resource #1 is selected
Proposal 3: The rules for Multi-CSI PUCCH resource determination are:
· When multiple PUCCH resources have the same starting symbol, select the PUCCH resource with the smallest PUCCH capacity/coderate but larger than the CSI payload. 
· When PUCCH resources have different starting symbol, select the PUCCH resource carrying CSI with higher priority.
3. Slot offset for SP-CSI reporting on PUSCH
At the last RAN1 meeting, we had a discussion for slot offset for SP-CSI reporting on PUSCH as follows [3]:
The periodicity for SP-CSI report is configured in CSI-ReportConfig but how slot offset is determined is not decided
Issue 2.7: How to determine slot offset for SP-CSI report on PUSCH?
· Alt 1: introduce parameter similar to aperiodicReportSlotOffset in CSI-ReportConfig indicating relative offset Y, time-domain resource allocation field in activation DCI refers to this field.  (ZTE, Ericsson)
· Note: First report is transmitted in slot n+Y, second report in n+Y+P, where P is the configured periodicity
Proposal 2.7:
· For indicating slot offset relative triggering DCI fro SP-CSI report on PUSCH, a new RRC parameter semiPersistentReportSlotOffset is introduced in CSI-ReportConfig 
· Note: The first report is transmitted in slot n+Y, second report in n+Y+P, where P is the configured periodicity

There is no concensus at the last meeting and further discussion is needed. The main motivations to add a new RRC parameter seem to be the followings.
 - To ensure enough time to prepare SP-CSI reporitng
 - To avoid collision between SP-CSI reporting on PUSCH and UL configured grant Type 2
However, the UE is configured with candiate values for slot offset K2 for UL data and hence, this can be reused to indicate time-domain resource for SP-CSI reporting. In our view, the 1st concern is not valid; A-CSI reporting on PUSCH with UL-SCH also uses K2. It is feasible that processing time is more severe for A-CSI reporting because of contents or situations, where A-CSI may be calculated from A-CSI-RS after DCI triggering the A-CSI reproting but SP-CSI is calculated from P/SP-CSI-RS before DCI triggering the SP-CSI reporting. Even if K2 is not large enough, we can consider additional value to K2 candidates. For the 2nd concern, it is up to gNB scheduler to avoid the collision by setting different K2 values for activations of SP-CSI on PUSCH and UL configured grant Type 2. SP-CSI reporting is triggered by DCI format with CRC scrambled by SP-CSI-RNTI and UL configured grant Type 2 is by CS-RNTI. This means that SP-CSI reporting on PUSCH and UL configured grant Type 2 are triggered by different DCIs and hence, it is quite easy for gNB to set different values of K2 for them. Excess RRC parameter should not be added to avoid more complicated.
Proposal 4: NR does not support a new RRC parameter for slot offset in SP-CSI reporting on PUSCH such as semiPersistentReportSlotOffset.
Proposal 5: Slot offset K2 for UL data in the DCI is also used as slot offset K2 for SP-CSI reporting on PUSCH.
4. Multiple activated SP-CSI reportings
At the last RAN1 meeting, we had a discussion for multiple activated SP-CSI reportings as follows [3]:
The remaining issues is if several reports can be activated and how activation/deactivation DCI messages look.
Issue 3.8A: Number of active SP-CSI reports on PUSCH:
· Alt 1: At most one PUSCH-based SP-CSI report can be activated at the time (Ericsson)
· Alt 2: More than one PUSCH-based SP-CSI report can be activated at the time (Huawei)
Issue 3.8B: SP-CSI activation / deactivation message
· Alt 1: TP in [19] (Ericsson)
· Alt 2: CSI requires field can be used for the selection of SP-CSI activation/deactivation of SP CSI reports (Huawei)
Conclusion:
· More offline discussion needed

Still no concensus and further discussion is needed. Considering the basis of CSI reporting, gNB needs CSI of each CC/BWP/link for better performance. SP-CSI reporting is no exception i.e. there are some cases to need multiple active SP-CSI reporitngs as multiple CCs/BWPs or CoMP-like method. There may be some concern for multiple active SP-CSI reportings to make system comlicated. However, we have the agreement of detailed CSI priority at the last RAN1 meeting, and the different slot offset can be set by using different K2, which means gNB enable to avoid conflict of multiple SP-CSI reportings at the same PUSCH. No issue for multiple active SP-CSI reportings and further study is not required.
Proposal 6: NR allows more than one active SP-CSI reportings on PUSCH.
5. DCI signaling for SP-CSI reporting on PUSCH
Remaining issues for the SP-CSI reporting on PUSCH are the acknowledgement for the activation/deactivation signaling for the SP-CSI reporting on PUSCH and the detailed DCI contents for such activation/deactivation signaling.
In Rel.8 LTE UL SPS, acknowledgement for the UL SPS activation is not transmitted; if the activation signalling is missed, the UE will not transmit the UL SPS PUSCH and hence, eNB can notice it by decoding the PUSCH. In Rel.14 LTE UL SPS, skipping is supported. Then, acknowledgement is transmitted by the MAC CE of the PUSCH, since eNB cannot identify the reason of no PUSCH reception; whether the UE correctly received activation signalling but skips PUSCH transmission, or the UE missed it. For SP-CSI on PUSCH, it is beneficial to allow the UE to skip SP-CSI on PUSCH for some cases. However, it is not essential in Rel.15, hence the acknowledgement can be based on gNB’s blind detection of the existence of the SP-CSI reporting transmission. Otherwise, RAN2 needs to define the new confirmation MAC CE for SP-CSI reporting activation signalling. 
Regarding the detailed DCI contents to activate/deactivate SP-CSI reporting on PUSCH, firstly we should discuss which DCI format(s) can be used to activate/deactivate the SP-CSI reporting on PUSCH. It is obvious that the DCI formats used for scheduling UL transmission should be the baseline for such signaling, that is DCI format 0_0 and DCI format 0_1. At the RAN1 #91 meeting, it was agreed that “A set of SP-CSI report settings for PUSCH are RRC configured and CSI request field in DCI scrambled with SP-CSI C-RNTI activates one of the SP-CSI reports” [4] while current fallback DCI format 0_0 does not contain the field of CSI request field [5]. To reduce the specification efforts, for activation/deactivation signaling, if one SP-CSI report setting for PUSCH is RRC configured, then both DCI format 0_0 and DCI format 0_1 can be used to activate/deactivate the SP-CSI report on PUSCH; if more than one SP-CSI report settings for PUSCH are RRC configured, then only DCI format 0_1 is used as the activation/deactivation signaling. In addition, it should be noted that for SP-CSI report on PUSCH, unlike A-CSI report on PUSCH, there is no need to set the state of ‘no CSI report is triggered’ in the CSI request field.
Proposal 7: If one SP-CSI report setting for PUSCH is RRC configured, then both DCI format 0_0 and DCI format 0_1 can be used to activate/deactivate the SP-CSI report on PUSCH; Otherwise, only DCI format 0_1 is used as the activation/deactivation signaling.
Following table 4 and 5 give the example. The activation/deactivation signaling for Configured grant transmission and SP-CSI reporting on PUSCH can be differentiate by different RNTI.

Table 4: Special fields for SP-CSI reporting on PUSCH Activation PDCCH Validation
	
	DCI format 0_0/0_1

	TPC command for scheduled PUSCH
	set to '00'

	HARQ process number
	set to all '0's

	Modulation and coding scheme
	MSB is set to '0'

	Redundancy version
	set to '00'



Table 5: Special fields for SP-CSI reporting on PUSCH Release PDCCH Validation
	
	DCI format 0_0/0_1

	TPC command for scheduled PUSCH
	set to '00'

	HARQ process number
	set to all '0's

	Modulation and coding scheme 
	set to all '1's

	Resource block assignment 
	set to all '1's

	Redundancy version
	set to '00'


Proposal 8:
· Take above Table 4 and Table 5 as the activation/deactivation signaling for SP-CSI report on PUSCH.
· The activation/deactivation signalling for SP-CSI report on PUSCH and configured grant transmission can be differentiated by different RNTI.

6. CSI calculation time
Agreement about CSI calculation time achieved in the email discussion is as follows:
Agreements:
· Candidates of CSI calculation time Z are defined in Table I.
· Z is defined as the minimum required number of symbols for PDCCH detection/decoding for receiving the CSI reporting triggering DCI, channel estimation, plus CSI calculation between the last symbol of the PDCCH triggering the CSI reporting and the first symbol of PUSCH assuming that the CSI reference resource is before the PDCCH and by assuming CSI only PUSCH (no HARQ ACK/NACK) for a given numerology and CSI complexity 
· Note: the required time for channel estimation refers to the time gap from the last symbol of CSI-RS to the timeline that UE finishes its channel estimation processing


CSI calculation time Z is agreed as the above capture, but still the definition is unclear because the precise start timing to consider Z is not described. Accroding to the above agreement, there are three processes to consider i.e. (A) PDCCH detection/decoding, (B) Channel estimation, (C) CSI calculation. (A) is related to DCI for A-CSI reporting triggering, (B) is related to CSI-RS transmission. (C) is to CSI reporting triggering or CSI-RS transmission, whichever comes later. Based on that, we can assume four different time-domain behaviors as shown in Figure 3. As you can see, case-d i.e. A-CSI-RS transmission after DCI for A-CSI triggering will take the longest processing time to prepare A-CSI reporting. Thus, the CSI calculation time Z should be clarified by A-CSI reporitng triggering.
Observation 2: The details are unclear in email discussion’s agreement. Definition of Z should be revisited.
Proposal 9: UE expects CSI calculation time Z for A-CSI reporting, where the start timing to consider is A-CSI reporting triggering DCI.
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Case-a								Case-b
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Case-c								Case-d
Figure 3: Time-domain behaviours for A-CSI reporting
7. CSI un-update case
In the email discussion, agreement about CSI un-update for A-CSI is as follows:
· When A-CSI reporting on CSI only PUSCH is triggered in slot n, 
· UE is not required to update the CSI for the A-CSI report in the following cases:
· Cases are FFS, e.g.
· if M-L-N < Z for the given CSI complexity and numerology
· if AP CSI-RS resource is transmitted in slot n and M-O-N  < Z for the given CSI complexity and numerology
· Note.
· L=the last symbol of PDCCH in slot n 
· M=the starting symbol of the PUSCH
· N= the TA value in unit of symbols (e.g., TA=1.4 symbol)
· O= the later symbol between the last symbol of AP CSI-RS resource for CMR and the last symbol of AP CSI-RS resource for IMR


Here UE is allowed not to update CSI for A-CSI reproting while gNB requires a new CSI to maintain or improve transmission performance. Naturally, it is not realistic for UE to always update CSI regardless the time allowed for CSI calcurattion. However, the main case where CSI un-update is needed is unclear because CSI caluculation time Z can also use to avoid both CSI un-update against gNB’s expectation and excessive demand to UE. The table of CSI calculation time has not endorsed yet, hence how strict CSI update should be is unclear. In other words, the value of Z should be determined as large as UE can update CSI. Note that even if CSI un-update case is allowed, it should be very corner case.
Observation 3: The specific case where UE cannot update CSI for A-CSI reporting, i.e. why the CSI un-update case should be allowed, is still unclear.
Observation 4: It is better to determine the value Z to avoid CSI un-update case as much as possible.
Proposal 10: UE is not required to update the CSI for the A-CSI report in not any case, where the value Z should be large enough to calculate the CSI for A-CSI reporting.
8. Summary
In this contribution, we discuss remaining issues for CSI reporting. Based on the discussion, we have following observations and proposals:
Observation 1: It is not necessary introduce additional periodicity for multi-CSI PUCCH resource. 
Observation 2: The details are unclear in email discussion’s agreement. Definition of Z should be revisited.
Observation 3: The specific case where UE cannot update CSI for A-CSI reporting, i.e. why the CSI un-update case should be allowed, is still unclear.
Observation 4: It is better to determine the value Z to avoid CSI un-update case as much as possible.

Proposal 1: Define multi-CSI PUCCH resource as: The PUCCH resource to which the CSI original carried by multiple colliding PUCCH resources should be accommodated.
Proposal 2: For CSI reporting only, J =1 for each CSI-ReportConfig.
Proposal 3: The rules for Multi-CSI PUCCH resource determination are:
· When multiple PUCCH resources have the same starting symbol, select the PUCCH resource with the smallest PUCCH capacity/coderate but larger than the CSI payload. 
· When PUCCH resources have different starting symbol, select the PUCCH resource carrying CSI with higher priority.
Proposal 4: NR does not support a new RRC parameter for slot offset in SP-CSI reporting on PUSCH such as semiPersistentReportSlotOffset.
Proposal 5: Slot offset K2 for UL data in the DCI is also used as slot offset K2 for SP-CSI reporting on PUSCH.
Proposal 6: NR allows more than one active SP-CSI reportings on PUSCH.
Proposal 7: If one SP-CSI report setting for PUSCH is RRC configured, then both DCI format 0_0 and DCI format 0_1 can be used to activate/deactivate the SP-CSI report on PUSCH; Otherwise, only DCI format 0_1 is used as the activation/deactivation signaling.
Proposal 8:
· Take above Table 4 and Table 5 as the activation/deactivation signaling for SP-CSI report on PUSCH.
· The activation/deactivation signalling for SP-CSI report on PUSCH and configured grant transmission can be differentiated by different RNTI.
Proposal 9: UE expects CSI calculation time Z for A-CSI reporting, where the start timing to consider is A-CSI reporting triggering DCI.
Proposal 10: UE is not required to update the CSI for the A-CSI report in not any case, where the value Z should be large enough to calculate the CSI for A-CSI reporting.
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