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1. Introduction
In this contribution, we further discuss some remaining issues for CSI reporting.
2. UE capability of CSI computation
How many CSI calculation time tables are supported for NR Rel-15
In RAN1#92 meeting [1], the following agreements were reached for CSI calculation time:
Agreement:
· In Table I, (Z,Z’) values are baseline values which shall be supported by all UEs.
· All (Z,Z’) values in Table I are TBD.
· FFS whether (Z,Z’) values for low latency and high latency CSI in Table I are the same for a given numerology, in case of normal UE.
· Note. If those two values are the same for all numerology, then low and high latency is merged for normal UE. 
· In Table II, for a given numerology and CSI latency, whether or not to support the (Z,Z’) value in Table II is reported as a UE capability.
· For a given numerology and CSI latency, the (Z,Z’) values in Table II should be equal to or smaller than (Z,Z’) values in Table I.
· All (Z,Z’) are fixed in specification and the values are TBD
· If no agreement on the values for Table II can be achieved, advanced UE is not supported for Rel-15
Table1. CSI calculation time Z for normal UE.
CSI latency
Units
15kHz SCS
30kHz SCS
60kHz SCS
120kHz SCS
Low latency
Symbols
(Z1,1, Z’1,1)
(Z1,2, Z’1,2)
(Z1,3, Z’1,3)
(Z1,4, Z’1,4)
High latency
Symbols
(Z2,1, Z’2,1)
(Z2,2, Z’2,2)
(Z2,3, Z’2,3)
(Z2,4, Z’2,4)
Table2. CSI calculation time Z for advanced UE.
CSI latency
Units
15kHz SCS
30kHz SCS
60kHz SCS
120kHz SCS
Low latency
Symbols
(Z1,1, Z’1,1)
(Z1,2, Z’1,2)
(Z1,3, Z’1,3)
(Z1,4, Z’1,4)
High latency
Symbols
(Z2,1, Z’2,1)
(Z2,2, Z’2,2)
(Z2,3, Z’2,3)
(Z2,4, Z’2,4)


According to the agreements in MIMO session, two tables are defined for CSI calcualtion time, which are for normal UE and for advanced UE. The feature was agreed to align with UE procedures time on PDSCH processing and PUSCH preparation. 
However, in RAN1#92 meeting [1], the following agreements were reached in UE features agenda as well:
R1-1803479	Draft LS on NR UE feature list
The draft LS is agreed with the following updates:
· Add a 2nd paragraph “To RAN plenary: RAN1 did not have time to complete the initial access and forward compability categorizations requested by RAN LS. However, RAN1 plans to complete these aspects in the future unless instructed otherwise.” 
· Add in the first paragraph “UE processing time capability#2 is not supported in Dec. 2017 version of the NR specification”. 
· Add RANP to the “to” list
Final LS is R1-1803480

As the above agreements in UE features agenda, UE processing time capability#2 is not supported in Dec. 2017 specification of NR Rel-15, hence tables for UE PDSCH processing and UE PUSCH preparation procedure time were removed from the latest version of TS 38.214 [2]. The same rule can be considered for CSI calculation time, hence whether to apply a common table for normal and advanced UEs should be discussed. In the current table, all the values are still FFS, which should be resolved in few meetings for NR Rel-15. Considering the status, it may be feasible to apply common table for CSI calculation time, by following PDSCH processing procedure time/PUSCH preparation procedure time.
Proposal 1: A common table for CSI calculation time is applied.

Scheduling restriction for P/SP-CSI
In RAN1#92 meeting [1], the following agreements were reached for scheduling restriction for CSI reporting:
Agreement:
· When A-CSI reporting on CSI only PUSCH with single CSI report is triggered,
· UE is not expected to receive a scheduling DCI with symbol offset such that M-L-N < Z
· UE is not expected to receive a scheduling DCI if AP CSI-RS is used for channel measurement and with symbol offset such that M-O-N < Z’
· FFS for the condition when P/SP CSI-RS is used for channel/interference measurement
· FFS if this agreement applies to beam reporting in addition to CSI reporting
· Note:
· L=the last symbol of PDCCH triggering the A-CSI reporting 
· 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, the last symbol of aperiodic NZP CSI-RS for IM (if present) and the last symbol of aperiodic CSI-IM (if present)

Still we have two FFS points in the agreements above. The first one is whether scheduling restriction M-O-N >= Z’ is applied to P/SP-CSI-RS case as well. This discussion depends on whether P/SP-CSI-RS after DCI triggering CSI reporting can be used for the CSI reporting. When the P/SP-CSI-RS is used, channel estimation and CSI update, can be processed only after UE receiving the P/SP-CSI-RS as shown in Figure 1. Current specification of NR Rel-15 does not prohibit, and hence it is feasible to apply the scheduling restriction M-O-N >= Z’ to A-CSI reporting with P/SP-CSI-RS case.
[image: ]
Figure 1: Example frame for A-CSI reporting (TA value, N, is not considered)
Observation 2: For A-CSI reporting, P/SP-CSI-RS set as CSI reference resource may be received after DCI triggering the A-CSI reporting.
Proposal 1: NR also applies the scheduling restriction in A-CSI reporting with A-CSI-RS to that with P/SP-CSI-RS, i.e.
· UE is not expected to receive a scheduling DCI if P/SP CSI-RS is used for channel measurement and with symbol offset such that M-O-N < Z’
The second FFS is whether scheduling restrictions are applied to beam reporting. Calculation for beam reporting is different from that for CSI reporting, in which calculation time is dominated by deriving L1-RSRP.. Compared to CSI reporting, the calculation load should be lighter, hence UE can obtain the beam reporting information more quickly after receiving CSI-RS. On the other hand, preparation for UCI multiplexing on PUSCH may need some margin, which is the same as CSI reporting. For UCI multiplexing on PUSCH, UE needs to process channel coding with other kind of UCI and rate-matching of UCI and UL-SCH. Thus, looser scheduling restriction is feasible for beam reporting as e.g., M-O-N < Z’/X or M-O-N < Z’-X (X can be 0,1,2,3, …in the unit of symbol and Z’-X>=0).
Observation 3: For beam reporting, heavy calculation as channel estimation is not required.
Proposal 2: Looser restriction should be defined for beam reporting, compared to CSI reporting.
3. CSI reference resource
In RAN1#92 meeting [1], the following agreements were reached for CSI reference resource:
Agreement:
· Time offset of the CSI reference resource is derived from Z’ for a given CSI latency and numerology as follows:
· 
nCQI_ref is the smallest value greater than or equal to , such that slot n- nCQI_ref corresponds to a valid downlink slot.
· This is applied for at least for aperiodic CSI reporting
· FFS criterion for P / SP reporting
· This is applied when AP/P/SP CSI-RS is used for CSI calculation.
· When P/SP CSI-RS / CSI-IM is used for channel/interference measurement, UE is not expected to measure channel/interference on the CSI-RS / CSI-IM whose last OFDM symbol is received 0 to Z’ symbols before transmission time of first OFDM symbol of AP CSI reporting.
· Note: This is not the only condition, the CSI-RS shall also be on or before the CSI reference resource, this also includes the AP CSI-RS case
· FFS if this criterion is needed for P / SP reporting
· FFS: When P/SP CSI-RS is used for channel/interference measurement in case of AP CSI reporting, UE does not expect that the latest CSIRS no later than CSI reference resource is received before triggering PDCCH.

Still we have some remaining issues in the above agreements for CSI reference resource. One of the issues is time offset of CSI reference resource for P/SP-CSI reporting. According to the above agreement, time offset of A-CSI reporting is , which is set to avoid lack of time for CSI calculation in slot level. The value Z’ for scheduling restriction is defined for only A-CSI reporting. Thus, the same criterion of the time offset as A-CSI reporting is not reasonable and smaller value than  should be defined. How new CSI is desirable for UE is predictable from periodicity of the P/SP-CSI report, which means the definition may be able to be derived from the periodicity.
Observation 4: It is not reasonable that time offset of CSI reference resource for P/SP-CSI reporting is derived from Z’ and the same definition as that for A-CSI reporting.
Proposal 3: For P/SP-CSI reporting, smaller time offset should be defined compared to that for A-CSI reporting.
For A-CSI reporting by using P/SP-CSI-RS/IM, UE does not measure channel/interference on the CSI-RS/IM if the CSI-RS/IM is received in Z’ symbols from the first symbol of A-CSI reporting. The second remaining issue is whether the above feature is applied to P/SP-CSI reporting. For P/SP-CSI reporting, UE can update the CSI for future reporting even if the CSI-RS/IM is out of time offset of CSI reference resource. If the feature of un-measurement is supported for P/SP-CSI reporting, accuracy of CSI may degrade, which is undesirable.
Observation 5: Even if the CSI-RS/IM is out of time offset of reference resource, P/SP-CSI may need to be updated.
Proposal 4: The following criterion is not applied to P/SP-CSI reporting:
· When P/SP CSI-RS / CSI-IM is used for channel/interference measurement, UE is not expected to measure channel/interference on the CSI-RS / CSI-IM whose last OFDM symbol is received 0 to Z’ symbols before transmission time of first OFDM symbol of AP CSI reporting.
The third FFS addresses whether P/SP-CSI-RS for A-CSI reporitng should be received after DCI triggering the A-CSI reporting. There seems to be no reasonable grounds of the scheduling restriction. One of the motivations of A-CSI repoting by using P/SP-CSI-RS is configuration flexibility, hence NR specification should keep the flexibility.
Observation 6: It seems the remaining issue is whether P/SP-CSI-RS for A-CSI reporitng should be received after DCI triggering the A-CSI reporting.
Proposal 5: The following criterion is not supported:
· When P/SP CSI-RS is used for channel/interference measurement in case of AP CSI reporting, UE does not expect that the latest CSIRS no later than CSI reference resource is received before triggering PDCCH.
4. SP-CSI reporting on PUSCH
Multiple active SP-CSI reports
At the last RAN1 meeting, we had a discussion for multiple active SP-CSI reports as follows [3]:
Issue 2.2A: Number of simultaneously active SP-CSI PUSCH grants and how many CSI report settings can be activated with the same SP-CSI PUSCH grant?
· Alt 1: Only a single SP-CSI PUSCH grant can be active at a given time. Only one SP-CSI report, corresponding to one active SP-CSI report setting, is conveyed in the SP-CSI PUSCH. The DCI activates only a single SP-CSI report setting.
· Alt 2: Only a single SP-CSI PUSCH grant can be active at a given time. More than one SP-CSI report, corresponding to more than one active SP-CSI report setting, can be conveyed in the SP-CSI PUSCH. A codepoint in the CSI request field may activate multiple SP-CSI reporting settings.
· Alt 3: Multiple SP-CSI PUSCH grants can be active at a given time. Only one SP-CSI report, corresponding to one active SP-CSI report setting, is conveyed in each active SP-CSI PUSCH grant. A DCI activates only a single SP-CSI report setting.
· Alt 4: Multiple SP-CSI PUSCH grants can be active at a given time. More than one SP-CSI report, corresponding to more than one active SP-CSI report setting, can be conveyed in each active SP-CSI PUSCH grant. A codepoint in the CSI request field may activate multiple SP-CSI reporting settings. (a simple solution is to reuse the scheme for triggering aperiodic CSI)
As seen, there are some diverging views. As Alt 4 is most general and would maximize the usability of the feature, we could try if this proposal can be acceptable:
Proposal 2.2A:
· Multiple SP-CSI PUSCH grants can be active at a given time. More than one SP-CSI report, corresponding to more than one active SP-CSI report setting, can be conveyed in each active SP-CSI PUSCH grant. A codepoint in the CSI request field may activate multiple SP-CSI reporting settings. 

Additionally, the following agreements were reached for SP-CSI reporting on PUSCH [1]:
Agreement (RRC parameter update):
· For indicating slot offset Y relative triggering DCI for SP-CSI report on PUSCH, re-use RRC parameter reportSlotOffset that can be configured for aperiodic CSI-ReportConfig also for semi-persistent on PUSCH CSI-ReportConfig 
· Note: The first report is transmitted in slot n+Y, second report in n+Y+P, where P is the configured periodicity

Still no concensus for multiple active SP-CSI reports 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 reports as multiple CCs/BWPs or CoMP-like method. A-CSI reporting can trigger multiple CSI report settings by one DCI according to RRC parameter “CSI-AperiodicTriggerState”. On the other hand, SP-CSI reporting can activate only one CSI report setting by one DCI according to RRC parameter “CSI-SemiPersistentOnPUSCH-TriggerStateList”. The difference does not derive from any agreements, so RRC parameter will be modified depending on further agreements. However, RRC parameters should be fixed for implementation, to change the paramter may be difficult, hence we have the following options.
Option 1: 	SP-CSI reporting is aligned with A-CSI reporting.
		One DCI can activate multiple report settings by codepoint of CSI request field as A-CSI.
		Only one active report grant can be allowed at a given time.
		* RRC parameter needs to be modified.
Option 2:	One DCI can activate only one report setting.
		More than one active report grants on differenct PUSCH can be allowed at a given time.
Option 3:	One DCI can activate only one report setting.
		Only one active report grant can be allowed at a given time.
For simple and reasonable way, and to allow report more than one report settings, Option 1 seems to be the best solution. As mentioned in the above, RRC parameter modification may be avoided. If support Option 1 is difficult, Option 2 seems to be better than Option 3 to allow more than one report settings.

Proposal 6: NR supports Option 1. If RRC parameter is unchangeable, Option 2 is better.
Option 1:	SP-CSI reporting is aligned with A-CSI reporting.
		One DCI can activate multiple report settings by codepoint of CSI request field as A-CSI.
		Only one active report grant can be allowed at a given time.
		* RRC parameter needs to be modified.
Option 2:	One DCI can activate only one report setting.
		More than one active report grants on differenct PUSCH can be allowed at a given time.
Option 3:	One DCI can activate only one report setting.
		Only one active report grant can be allowed at a given time.

MAC CE confirmation and DCI special field of SP-CSI reporting on PUSCH activation/deactivation
In RAN1 #92 meeting [1], the following agreements were reached for SP-CSI reporting mechanism:
Agreement 
· DCI Formats 0_1 is used to activate/deactivate SP-CSI reporting on PUSCH. 
· DCI Format 0_1 contains a CSI request field and can activate/deactivate any configured SP-CSI trigger state
· Note: The DCI can only be used to activate/deactivate SP-CSI reporting

Agreement
· Re-use the same mechanism for activation / deactivation of SP-CSI on PUSCH as for UL grant free transmission in NR
· Note: It’s up to UL scheduling session to decide if MAC CE confirmation is needed for SP-CSI

Additionally, the following agreements were reached for UL grant free (i.e. configured grant) transmission:
Agreements:
· At least support following special fields for activation/release validation PDCCH for DL SPS, Configured Grant Type.
· Corresponding TP will be provided until Friday
Table 2: Special fields for DL SPS and Configured grant Type 2 UL transmission Activation PDCCH Validation

DCI format 0_0/0_1
DCI format 1_0
DCI format 1_1
HARQ process number
set to all '0's
set to all '0's
set to all '0's
Redundancy version
set to '00'
set to '00'
For the enabled transport block:
set to '00'

Table 3: Special fields for DL SPS and Configured grant Type 2 UL transmission Release PDCCH Validation

DCI format 0_0
DCI format 1_0
HARQ process number
set to all '0's
set to all '0's
Modulation and coding scheme 
set to all '1's
set to all '1's
Resource block assignment 
set to all '1's
set to all '1's
Redundancy version
set to '00'
set to '00'


As the above agreement, MAC CE confirmation of SP-CSI reporting on PUSCH should be discussed. In LTE Rel-14 UL SPS, MAC CE confirmation is used for skipping. The feature of skipping means the activation is successful but UE can skip the UL SPS transmission once. gNB cannot know that the reason UE does not transmit UL SPS PUSCH is activation failure or skipping, hence MAC CE confirmation is supported. However, LTE Rel-8 UL SPS does not support skipping hence no support of MAC CE confirmation. Current specification i.e. NR Rel-15 does not support skipping of SP-CSI reporing on PUSCH, which is not essential in Rel-15, hence MAC CE confirmation is not needed. gNB can know the existence of the SP-CSI reporitng transmission by blind detection.
Proposal 7: In NR, any confirmation is not needed for activation/deactivation of SP-CSI reporting on PUSCH.
According to the above agreements, MIMO session expects SP-CSI reporting on PUSCH is activated/deactivated by DCI format 0_1 and aligned with configured grant transmission. On the other hand, scheduling session determines that configured grant transmission is activated by DCI format 0_0/0_1 with special field and deactivated by DCI format 0_0 with special field only. There is a critical conflict and how to activate/deactivate should be re-discussed. Here we discuss DCI format 0_1 activates/deactivates SP-CSI reporting on PUSCH. Two different fields in DCI format 0_1 are needed to differentiate the activation and deactivation signaling to reduce the false alarm detection. 
At first, we consider Option 1/3 for SP-CSI reporting details described in the above. It is noted that Option 1/3 allows only one active report grant at a given time, which is the same as configured grant transmission. Compared with configured grant transmission, the deactivation signaling for SP-CSI reporting on PUSCH uses DCI format 0_1, and re-transmission of SP-CSI reporting is not needed, hence following fields can be the candidates to be used for differentiation. 
1. Modulation and coding scheme filed, the field set to all ‘1’ means deactivation
2. Resource block assignment field
· If higher layer configures the resource allocation (RA) type is RA type 0 only, the field set to all ‘0’ means deactivation;
· If higher layer configures RA type 1 only, the field set to all ‘1’ means deactivation;
· If higher layer configures dynamic switch between RA type 0 and RA type 1, and if MSB bit indicates RA type 0, then the the field set to all ‘0’ means deactivation; else if MSB bit indicates RA type 1, then the the field set to all ‘1’ means deactivation.
3. NDI field, the field set to all ‘1’ means activation; the field set to all ‘0’ means deactivation.
4. CSI request field, the field set to all ‘0’ means deactivation.
In addition, same as configured grant transmission, the RV and HARQ process number fields can be fixed as 0 for both activation and deactivation signaling. 
Next, we consider Option 2. Option 2 allows more than one active report grants at a given time, hence we need to consider deactivation of a part of active report grants and all of the grants. It can be aligned with Table 1 and Table 2. Baseline is the same as Option 1/3, and all ‘0’ of CSI request field implies all of active report grants should be deactivated. On the other hand, not all ‘0’ of CSI request field indicates a part of active report grants is deactivated, where the status indicated by the related codepoint can only deactivate the specific SP-CSI report setting.
Following table 1 and 2 give the example for activation and deactivation signalling for SP-CSI reporting on PUSCH.  
Table 1: Special fields for SP-CSI reporting on PUSCH Activation PDCCH Validation
	
	DCI format 0_1

	HARQ process number
	set to all '0's

	Redundancy version
	set to '00'

	Modulation and coding scheme
	MSB is set to '0'

	[New data indicator]
	[1]



Table 2: Special fields for SP-CSI reporting on PUSCH Deactivation PDCCH Validation
	
	DCI format 0_1

	HARQ process number
	set to all '0's

	Redundancy version
	set to '00'

	Modulation and coding scheme 
	set to all '1's

	[New data indicator]
	[0]

	[CSI request]
	[set to all ‘0’(s) or codepoint for specific SP-CSI report setting]

	[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 ]


Proposal 8: Take above Table 1 and Table 2 as the activation/deactivation signaling for SP-CSI report on PUSCH. The activation/deactivation signaling for SP-CSI report on PUSCH and configured grant transmission can be differentiated by different RNTI.
5. A-CSI reporting on PUSCH for uplink CA
In RAN1# 92 meeting [1], for A-CSI reporting, following agreement was achieved:Agreement:
· For the uplink non-CA case, a UE is not expected to transmit more than one aperiodic CSI reports triggered by different DCIs on overlapping OFDM symbols.
· [bookmark: _MailEndCompose]For the uplink CA case, the number of aperiodic CSI reports triggered by different DCIs on overlapping OFDM symbols is to be decided in the UL control session

For A-CSI reporting on PUSCH, based on the agreement above, two interpretations can be considered below:
Alt. 1: It is possible that more than one A-CSI can be triggered on overlapped OFDM symbols, but only one A-CSI reporting is transmitted for both uplink CA and non-CA case
Alt. 2: It is possible that more than one A-CSI can be triggered on overlapped OFDM symbols, but only one A-CSI reporting is transmitted for uplink non-CA case, while more than one A-CSI can be transmitted on overlapped OFDM symbols for uplink CA case
For Alt. 1, if only one A-CSI can be transmitted, it makes no sense to trigger more than one A-CSI, unless higher priority A-CSI is triggered so that on-going A-CSI reporting is canceled.
For Alt. 2, if more than one CSI reporting can be simultaneously reported, there will be uplink power control problem, thus only one A-CSI transmission is expected. If only one A-CSI transmission is allowed, more than one A-CSI reporting trigger will bring more issues, e.g., priority handling between A-CSIs. To reduce specification complexity, one A-CSI triggered on overlapped OFDM symbols is expected.
Proposal 9: Only one A-CSI can be triggered on overlapped OFDM symbols for uplink CA case.
6. CSI reporting upon BWP switching 
In RAN1# 91 meeting [4], for CSI reporting upon BWP, following agreement was achieved:Agreement
A CSI report setting is associated with a single DL BWP and contains the following DL BWP-specific information:
· One CSI reporting band
The associated DL BWP information is configured per Resource Setting
· All linked Resource Settings of a CSI Report Setting have the same BWP

In current specification, UE behavior for CSI reporting upon BWP switching hasn’t been discussed yet. It should be clarified to avoid ambiguity.
Regarding UE behavior for CSI reporting upon BWP switching, we can compare CSI reporting with uplink grant and HARQ-ACK transmission, and define similar UE behavior since they share a lot in common. 
In current specification TS 38.321 [5], UE behavior for uplink grant upon inactive BWP is captured as following:On the active BWP for each activated Serving Cell configured with a BWP, the MAC entity shall apply normal operations including:
1>	transmit on UL-SCH;
1>	transmit on RACH;
1>	monitor the PDCCH;
1>	transmit PUCCH;
1>	transmit SRS;
1>	receive DL-SCH;
1>	(re-)initialize any suspended configured uplink grants of configured grant Type 1 according to the stored configuration, if any, and to start in the symbol according to rules in subclause 5.8.2.
On the inactive BWP for each activated Serving Cell configured with a BWP, the MAC entity shall:
1>	not transmit on UL-SCH;
1>	not transmit on RACH;
1>	not monitor the PDCCH;
1>	not transmit PUCCH;
1>	not transmit SRS;
1>	not receive DL-SCH;
1>	clear any configured downlink assignment and configured uplink grant of configured grant Type 2;
1>	suspend any configured uplink grant of configured Type 1.

P-CSI reporting is analogous to configured grant Type 1, in which resource is pre-configured by RRC parameter and no additional activation is needed. For configured grant Type 1, when BWP switching occurs, configuration is suspended. Similarly, P-CSI reporting should be suspended when BWP switching occurs. Moreover, if the new BWP is also configured with P-CSI reporting, P-CSI configured on new BWP should be initiated.
[image: ]
Figure 2: P-CSI reporting is suspended when BWP switching occurs
SP-CSI reporting is analogous to configured grant Type 2, in which resource is pre-configured by RRC parameters, but additional activation is needed for transmission. In current specification, configured uplink grant Type 2 is cleared when BWP switching occurs. Similarly, when BWP switching occurs, SP-CSI reporting should be cleared.
[image: ]
Figure 3: SP-CSI reporting is cleared when BWP switching occurs
A-CSI reporting is analogous to HARQ-ACK transmission. In current specification TS 38.213[x], UE behavior for HARQ-ACK transmission upon BWP switching is captured as following:For paired spectrum operation, a UE is not expected to transmit HARQ-ACK on a PUCCH resource indicated by a DCI format 1_0 or a DCI format 1_1 if the UE changes its active UL BWP on the PCell between a time of a detection of the DCI format 1_0 or the DCI format 1_1 and a time of a corresponding HARQ-ACK transmission on the PUCCH.

In that sense, we can define UE behavior for A-CSI reporting upon BWP switching as: A UE is not required to transmit A-CSI on PUSCH if the UE changes its active - BWP between a time of a detection of the A-CSI trigger and a time of a corresponding A-CSI transmission on the PUSCH.
Proposal 10: Define UE behavior for CSI reporting upon BWP switching as following:
· Suspends any periodic CSI on the inactive BWP; if any, initiate periodic CSI on newly activated BWP 
· Clear any semi-persistent CSI reporting on the inactive BWP
· A UE is not required to transmit aperiodic CSI on PUSCH if the UE changes its active BWP between a time of a detection of the A-CSI trigger and a time of a corresponding A-CSI transmission on the PUSCH
7. Hybrid CSI
Hybrid CSI reporting was introduced in Rel.14, and large performance gain was observed compared with normal CSI reporting. In addition, hybrid CSI can help to reduce overhead including DL CSI-RS overhead and UL CSI reporting overhead. Thus, in NR, hybrid CSI reporting is also involved in CSI feedback. In this section, we discuss the remaining issues for hybrid CSI reporting.
In LTE, two mechanisms of hybrid CSI reporting are supported, one is Class A+ Class B (K=1) CSI reporting, another is Class B (K>1) + Class B (K=1) CSI reporting. For the two mechanisms, corresponding CSI reporting contents are summarized in Table 3.
Table 3: CSI reporting contents for hybrid CSI in Rel.14
	Report contents
	Mechanism 

	
	Class A + Class B （K=1）
	Class B (K>1) + Class B （K=1）

	1st eMIMO-Type
	RI/i1
	CRI

	2nd eMIMO-Type
	RI/PMI/CQI
	RI/PMI/CQI


From the table above, it can be observed that for both kinds CSI reporting, report contents ‘RI/PMI/CQI’ is feedback for 2nd eMIMO-Type, based on port selection codebook. In RAN1# AH3 meeting [8], about hybrid CSI reporting, CSI reporting content for first step was agreed as following:· A CSI report can contain only PMI consisting of only i1 using Type I single panel codebook and CRI/RI
· Note: i1 identifies a combination of variables {i1,1 and i1,2} or {i1,1, i1,2, and i1,3} in 38.214 section 5.2.1.2

To support complete hybrid CSI reporting, it is natural to support reporting contents ‘RI/PMI/CQI’ while PMI is derived based on Type I port selection codebook. However, from the agreement in RAN1# 89 meeting[7], we can observe that Type I port selection codebook is not supported in Rel.15.Agreements:
· Slides 4 to 24 in R1-1709232 are agreed
· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details
· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers

Observation 7: Type I port selection codebook is not supported in Rel.15.

To support complete hybrid CSI reporting mechanism, feedback contents should be fixed, especially for the second step. Following options can be considered:
Option 1: complete hybrid CSI feedback by complete codebook design
· Option 1-1: Introduce Type I port selection codebook for hybrid CSI reporting
· Option 1-2: Reuse Rel.14 port selection codebook for hybrid CSI reporting
· Option 1-3: Reuse Type II port selection codebook for hybrid CSI reporting, by restrict beam number to 1 
Option 2: complete hybrid CSI reporting by reusing present CSI report quantity “CRI/RI/CQI”
· Report “RI/CQI” upon reporting quantity “CRI/RI/CQI”, which is used for Non-PMI port indication feedback, by turning off parameter “CRI”.
For Option 1, RRC parameters as well as codebook design should be refined, which will bring additional specification work, e.g. for Option 1-1 and Option 1-2, codebook should be specified in TS 38.214 and new RRC parameter is needed. For Option 1-3, There is RRC parameter impact, since beam number “1” is not supported in current RRC parameter. For Option 2, RI is used for port/ beam selection, the same functionality in non-PMI port indication feedback. Analogous to LTE CSI reporting, report quantity “CRI/RI/i1” is used for rough beam selection, while report quantity “RI/CQI” is used for finer beam/port selection, as well as CQI feedback. By this means, no additional specification work is needed for hybrid CSI reporting.
Proposal 11: Support report quantity “RI/CQI” for hybrid CSI, by turning off CRI upon report quantity “CRI/RI/CQI”.
8. Others
CRI definition For a UE configured in transmission mode 9 or 10, when reporting CRI the UE reports a single instance of a selected CSI-RS resource. For each CRI reporting interval when a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and the number of configured CSI-RS resources is more than one for a CSI process, the UE shall determine a CRI from the supported set of CRI values as defined in Subclause 5.2.2.6 of [4] and report the number in each CRI report, where CRI value 0 corresponds to the configured csi-RS-ConfigNZPId, first entry of csi-IM-ConfigIdList, first entry of p-C-AndCBSR-PerResourceConfigList, and alternativeCodebookEnabledFor4TXProc, and CRI value k (k>0) corresponds to the configured k-th entry of csi-RS-ConfigNZPIdListExt, (k+1)-th entry of csi-IM-ConfigIdList, (k+1)-th entry of p-C-AndCBSR-PerResourceConfigList, and k-th entry of ace-For4Tx-PerResourceConfigList.

In LTE, CRI definition and bit field interpretation is captured in TS 36.213[9] as following:
In NR, CRI definition and bit field interpretation is missing in TS 38.214, to avoid ambiguity, this should be fixed.
Proposal 12: Adopt following TP for CRI definition:When the UE is configured with higher layer parameter ResourceSetConfig and when the higher layer parameter CSI-RS-ResourceRep is set to 'OFF', the UE shall determine a CRI from the supported set of CRI values as defined in Subclause 6.3.1.1.2 of [5, TS 38.212] and report the number in each CRI report, where CRI value k (K>=0) corresponds to the configured (K + 1) -th entry of nzp-CSI-RS-Resources and (K + 1) -th entry of csi-IM-resources . When the higher layer parameter CSI-RS-ResourceRep is set to 'ON', CRI is not reported. CRI reporting is not supported when the higher layer parameter CodebookType is set to ‘TypeII’ or to ‘TypeII-PortSelection’.

9. Summary
In this contribution, we discuss remaining issues for CSI reporting. Based on the discussion, we have following observations and proposals:
[bookmark: _GoBack]Observation 1: Whether CSI calculation time table for advanced UE is also removed should be discussed, by following PDSCH processing procedure time/PUSCH preparation procedure time.
Observation 2: For A-CSI reporting, P/SP-CSI-RS set as CSI reference resource may be received after DCI triggering the A-CSI reporting.
Observation 3: For beam reporting, heavy calculation as channel estimation is not required.
Observation 4: It is not reasonable that time offset of CSI reference resource for P/SP-CSI reporting is derived from Z’ and the same definition as that for A-CSI reporting.
Observation 5: Even if the CSI-RS/IM is out of time offset of reference resource, P/SP-CSI may need to be updated.
Observation 6: It seems the remaining issue is whether P/SP-CSI-RS for A-CSI reporitng should be received after DCI triggering the A-CSI reporting.
Observation 7: Type I port selection codebook is not supported in Rel.15.
Proposal 1: NR also applies the scheduling restriction in A-CSI reporting with A-CSI-RS to that with P/SP-CSI-RS, i.e.
· UE is not expected to receive a scheduling DCI if P/SP CSI-RS is used for channel measurement and with symbol offset such that M-O-N < Z’
Proposal 2: Looser restriction should be defined for beam reporting, compared to CSI reporting.
Proposal 3: For P/SP-CSI reporting, smaller time offset should be defined compared to that for A-CSI reporting.
Proposal 4: The following criterion is not applied to P/SP-CSI reporting:
· When P/SP CSI-RS / CSI-IM is used for channel/interference measurement, UE is not expected to measure channel/interference on the CSI-RS / CSI-IM whose last OFDM symbol is received 0 to Z’ symbols before transmission time of first OFDM symbol of AP CSI reporting.
Proposal 5: The following criterion is not supported:
· When P/SP CSI-RS is used for channel/interference measurement in case of AP CSI reporting, UE does not expect that the latest CSIRS no later than CSI reference resource is received before triggering PDCCH.
Proposal 6: NR supports Option 1. If RRC parameter is unchangeable, Option 2 is better.
Option 1:	SP-CSI reporting is aligned with A-CSI reporting.
		One DCI can activate multiple report settings by codepoint of CSI request field as A-CSI.
		Only one active report grant can be allowed at a given time.
		* RRC parameter needs to be modified.
Option 2:	One DCI can activate only one report setting.
		More than one active report grants on differenct PUSCH can be allowed at a given time.
Option 3:	One DCI can activate only one report setting.
		Only one active report grant can be allowed at a given time.
Proposal 7: In NR, any confirmation is not needed for activation/deactivation of SP-CSI reporting on PUSCH.
Proposal 8: Take above Table 1 and Table 2 as the activation/deactivation signaling for SP-CSI report on PUSCH. The activation/deactivation signaling for SP-CSI report on PUSCH and configured grant transmission can be differentiated by different RNTI.
Proposal 9: Only one A-CSI can be triggered on overlapped OFDM symbols for uplink CA case.
Proposal 10: Define UE behavior for CSI reporting upon BWP switching as following:
· Suspends any periodic CSI on the inactive BWP; if any, initiate periodic CSI on newly activated BWP 
· Clear any semi-persistent CSI reporting on the inactive BWP
· A UE is not required to transmit aperiodic CSI on PUSCH if the UE changes its active BWP between a time of a detection of the A-CSI trigger and a time of a corresponding A-CSI transmission on the PUSCH
Proposal 11: Support report quantity “RI/CQI” for hybrid CSI, by turning off CRI upon report quantity “CRI/RI/CQI”.
Proposal 12: Adopt following TP for CRI definition: When the UE is configured with higher layer parameter ResourceSetConfig and when the higher layer parameter CSI-RS-ResourceRep is set to 'OFF', the UE shall determine a CRI from the supported set of CRI values as defined in Subclause 6.3.1.1.2 of [5, TS 38.212] and report the number in each CRI report, where CRI value k (K>=0) corresponds to the configured (K + 1) -th entry of nzp-CSI-RS-Resources and (K + 1) -th entry of csi-IM-resources . When the higher layer parameter CSI-RS-ResourceRep is set to 'ON', CRI is not reported. CRI reporting is not supported when the higher layer parameter CodebookType is set to ‘TypeII’ or to ‘TypeII-PortSelection’.
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