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Introduction
In this contribution, we raise the issues of confusing UE behavior in CSI reporting and propose solutions to resolve these confusing issues.  This contribution is a revision of [1].
[bookmark: _Ref510805768]Timing for A-CSI based on A-CSI-RS/A-CSI-IM
Discussion
In RAN1#92, the A-CSI timing framework was agreed for the case when there’s a single A-CSI on PUSCH without multiplexing with either UL-SCH or HARQ-ACK, but there are still some open issues including
Timing requirement when A-CSI is multiplexed with either UL-SCH or HARQ-ACK or both
Values of (Z, Z') for low- and high-latency classes for various subcarrier spacing
Assumption on symbol duration
Whether the high-latency class includes CRI report 
For PUSCH scheduling without A-CSI, additional processing time is need if HARQ-ACK is multiplexed with UL-SCH.  According to Section 6.4 of [2], one more symbol is added to N2 if HARQ-ACK is multiplexed with UL-SCH.  Similarly, when the A-CSI is multiplexed with either UL-SCH or HARQ-ACK or both, additional processing time is needed.  It would be sufficient to follow the same timing adjustment as for PUSCH without A-CSI.  That is, if the CSI report is multiplexed with data, the minimum UE processing time would be Z + 1.    
[bookmark: _Toc506381332][bookmark: _Toc506390808][bookmark: _Toc510858873]Proposal 1:	A UE may ignore the scheduling DCI for CSI reporting on PUSCH, if the gap from the end of PDCCH containing the CSI request to the start of the corresponding PUSCH transmission is less than (Z + 1) OFDM symbols, when the A-CSI report is multiplexed with UL-SCH.
Both Z and Z' are dependent on the subcarrier spacing, the CSI latency class, and UE capability.  In Table 1, we provide the baseline values for these UE processing timing parameters which should be mandatory to all UEs.  
[bookmark: _Ref503547592]Table 1.  CSI computation delay.
	[bookmark: _Hlk508655409]
	Z1 [symbols]
	Z2 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2

	0
	22
	14
	35
	27

	1
	24
	16
	35
	27

	2
	33
	25
	39
	31

	3
	36
	25
	N/A
	N/A


It’s worth noting that SCS of 120kHz ( = 3) is only used for mmW where low-latency class CSI is sufficient.  For a given subcarrier spacing, the baseline value for low and high latency CSI can be the same.
[bookmark: _Toc510858874]Proposal 2:	For SCS of 120kHz, high-latency class CSI is not supported.
The values of (Z, Z') in Table 1 are in units of symbols.  The absolute timing requirement thus depends on the symbol duration which is determined by SCS (or  in Table 1).  Note that the  value may refer to the SCS of PDCCH, PUSCH, or CSI-RS.  In some scenarios, the SCS of the PDCCH might be different to CSI-RS, e.g., cross-carrier scheduling or CSI-RS being on a different beam (which would lead to CSI-RS to be in a different slot hence a different numerology).  If different SCS is used in the duration from the start of the PDCCH to the end of the PUSCH or in the duration from the start of the CSI-RS or CSI-IM resource to the end of the PUSCH,  in Table 1 should refer to the minimum SCS in the duration.
[bookmark: _Toc510858875]Proposal 3:	For CSI computation delay, the symbol duration is based on the minimum SCS of the PDCCH carrying the CSI request, the PUSCH carrying the report, and the CSI-RS/CSI-IM resource(s) linked with the report.  
In RAN1#AH1801, it was agreed that
Low Latency CSI class is defined as WB CSI including maximum 4 ports
· Only applicable for Type-I codebook or when PMI is not configured
[bookmark: _Hlk510815410]High Latency CSI class is defined as the superset of all CSI that is supported by the UE
It’s unclear if CRI report is applicable for either low-latency class or high-latency class or both.  The motivation for the low-latency class is to enable fast CSI feedback.  If CRI report is included, the CSI processing time would be increased as the number of CSI-RS resources in the CSI-RS resource set.  So, the CRI report shall not be included in low-latency class.
[bookmark: _Toc510858876]Proposal 4:	Low-latency CSI class is only applicable for NZP CSI-RS resource set consisting a single NZP CSI-RS resource.
The high-latency CSI is defined as the superset of all CSI that is supported by the UE.  The high-latency CSI thus include a wide range of CSI configurations.  Depending on the codebook type, the number of CSI-RS ports per resource, and the number of CSI-RS resources per set, the CSI processing time can be very different.  If we include CRI report in high-latency class, the CSI processing time has to be define for the worst-case scenario, i.e., with 8 CSI-RS resources per set.  In addition, it is still under discussion if CRI report is a mandatory feature for all UEs.  If it is identified as an optional feature, CRI report should not be included in high-latency class.  
[bookmark: _Toc510858877]Proposal 5:	High-latency CSI class is only applicable for NZP CSI-RS resource set consisting a single NZP CSI-RS resource.
The CSI processing capability when CRI report is enabled can be characterized by a proper definition of “X simultaneous reports”.  When a CSI reporting setting is based on a NZP CSI-RS resource set with K CSI-RS resources, this single CSI reporting setting can be counted as “K simultaneous reports”.  Details are discussed in Section 10.  
[bookmark: _Ref510810905]Text proposal
--- Start of text proposal to Section 5.4 in TS 38.214 ---
When the CSI request field on a DCI triggers a CSI report on PUSCH not multiplexed with HARQ-ACK or transport block, the UE shall provide a valid CSI report, 


-	if the first uplink symbol to carry the corresponding CSI report including the effect of the timing advance, starts no earlier than at symbol Zref, where Zref  is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDCCH triggering the CSI report., and


-	if the first uplink symbol to carry the corresponding CSI report including the effect of the timing advance, starts no earlier than at symbol Z’ref, where Z’ref  is defined as the next uplink symbol with its CP starting after  after the end of the last symbol in time of: the last symbol of aperiodic CSI-RS resource for channel measurements, the last symbol of aperiodic CSI-IM used for interference measurements, and the last symbol of aperiodic NZP CSI-RS for interference measurement, when aperiodic CSI-RS is used for channel measurement.
otherwise the UE may ignore the scheduling DCI.  


If the CSI report on PUSCH is not multiplexed with HARQ-ACK or transport block, ; otherwise, .
If the CSI to be transmitted corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports per NZP CSI-RS resource and a single NZP CSI-RS resource per set and where CodebookType is set to 'TypeI-SinglePanel' or where ReportQuantity is set to ‘CRI/RI/CQI’ (Z,Z’) is defined as (Z1, Z’1) of the table 5.4-1, otherwise (Z,Z’) is defined as the (Z2, Z’2.) of the table 5.4-1.  
[-	µ of table 5.4-1 corresponds to the min (µDL, µUL) where the µDL corresponds to min (µPDCCH, µCSI-RS) given µPDCCH  is the subcarrier spacing of the PDCCH with which the DCI was transmitted, µCSI-RS is the subcarrier spacing of the CSI-RS intended to the A-CSI process respectively, and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted.
Table 5.4-1: CSI computation delay
	

	Z1 [symbols]
	Z2 [symbols]

	
	Z1
	Z’1
	Z2
	Z’2

	0
	22[TBD]
	14[TBD]
	35[TBD]
	27[TBD]

	1
	24[TBD]
	16[TBD]
	35[TBD]
	27[TBD]

	2
	33[TBD]
	25[TBD]
	39[TBD]
	31[TBD]

	3
	36[TBD]
	25[TBD]
	N/A[TBD]
	N/A[TBD]


--- End of text proposal ---
Timing for CSI based on P-/SP CSI-RS/CSI-IM
Discussion on A-CSI based on P-/SP resources
In RAN1#92, it was agreed that for aperiodic CSI reporting, nCQI_ref is the smallest value greater than or equal to , such that slot nCQI_ref corresponds to a valid downlink slot.  This applies regardless the CSI-RS/CSI-IM resource type.  For aperiodic CSI reporting based on periodic or semi-persistent CSI-RS/CSI-IM, it was agreed to further study the timing relationship between the CSI-RS and the triggering PDCCH: 
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.
According to Section 5.2.2.1 in [2], the UE shall derive channel or interference measurements for computing CQI value based on NZP CSI-RS or CSI-IM no later than the CSI reference source.  The periodic or semi-persistent CSI-RS and CSI-IM resource used for deriving aperiodic CSI reporting in slot n would be no later than slot n – nCQI_ref.  This implies that the UE has to perform channel and interference measurement before receiving the aperiodic CSI trigger.  If a UE is configured with multiple aperiodic CSI reporting settings, the UE has to maintain multiple CSI computation processes each for a configured CSI reporting setting.   That is the number of configured CSI reporting settings is same as the number of CSI reports a gNB can simultaneously request from the UE, as shown in Figure 1.
[image: ]
[bookmark: _Ref506465648]Figure 1. Aperiodic CSI reporting based on periodic CSI-RS transmitted before the CSI trigger.
This would limit the flexibility of aperiodic CSI configuration when the UE cannot support many concurrent CSI reports.  For example, a gNB may want to configure two aperiodic CSI reporting settings for a UE, one for Type I CSI and one for Type II CSI.  The gNB can dynamically trigger the UE to report one of them.  However, if the UE is only capable of triggering one CSI report, only one aperiodic CSI reporting can be configured.  
This issue can be addressed by introducing the “causal” periodic or semi-persistent measurement resources for aperiodic CSI reporting, just like the “causal” triggering of aperiodic CSI-RS.  As shown in Figure 2, if the aperiodic CSI is derived based on the periodic or semi-persistent CSI-RS/CSI-IM resources after the trigger, the UE can calculate the CSI after receiving the aperiodic CSI trigger.  Even it only supports a single CSI report, a UE can still be configured with more than one aperiodic CSI reporting settings.
[image: ]
[bookmark: _Ref506465919]Figure 2. Aperiodic CSI reporting based on periodic CSI-RS transmitted before the CSI trigger.
Another benefit is that we can enable a common timeline for all aperiodic CSI reporting, regardless of the time-domain behavior of the associated CSI-RS and CSI-IM resources.
[bookmark: _Toc506477510][bookmark: _Toc510697289][bookmark: _Toc510858878]Proposal 6:	For aperiodic CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the reported CSI shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol starting no early than the first symbol after the PDCCH carrying the aperiodic CSI trigger.    
[bookmark: _Ref510800103]Discussion on initial report of SP-CSI based on P-/SP resources
For the similar reason, the initial report of a semi-persistent CSI based on periodic or semi-persistent CSI-RS shall also be based on “causal” measurements.  If the semi-persistent report is triggered by DCI, the initial report shall be based on the CSI-RS/CSI-IM resource(s) after the reception of the PDCCH carrying the DCI.  If the semi-persistent report is activated by MAC-CE message, the initial report shall be based on the CSI-RS/CSI-IM resource(s) after the symbol when the MAC-CE message is applied. 
[bookmark: _Toc510697290][bookmark: _Toc510858879]Proposal 7:	For the DCI triggered semi-persistent CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the initial CSI report shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol starting no early than the first symbol after the PDCCH carrying the semi-persistent CSI trigger.    
[bookmark: _Toc506477512][bookmark: _Toc510697291][bookmark: _Toc510858880]Proposal 8:	For the MAC-CE activated semi-persistent CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the initial CSI report shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol where the MAC-CE message is applied.    
[bookmark: _Ref510800120]Discussion on P-/SP-CSI based on P-/SP resources
For periodic and non-initial semi-persistent CSI reporting, the value of nCQI_ref can be either a fixed value independent from SCS, or be based on the A-CSI processing time.  When choosing the value of nCQI_ref, one should take into account the tradeoff between CSI processing time and the power consumption.  The A-CSI is designed for acquiring instant CSI at an “on-demand” basis.  It is expected for a fast turnaround time to help the gNB get most accurate CSI infrequently.  So, power consumption is trade for a tight A-CSI timing.  On the other hand, P-/SP-CSI reporting is targeting on link maintaining at a fixed periodicity.  Hence, the P-/SP-CSI processing time can be relaxed for power saving.  Based on this, we propose
[bookmark: _Toc506381334][bookmark: _Toc506453695][bookmark: _Toc506477514][bookmark: _Toc510697292][bookmark: _Toc510858881]Proposal 9:	For periodic and non-initial semi-persistent CSI reporting, nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.
Discussion on slot offset for CMR and IMR
The slot offset for periodic or semi-persistent CSI-RS resource or CSI-IM resource is separately configured for each resource.  In order to deliver meaningful CSI, it’s preferred that the resources for channel and interference measurement are close to each other.  Besides, different slot offsets for CMR and IMR are not friendly for UE power saving.  This is because when a UE wakes up, if it is requested to report CSI, it has either to keep awake till both CMR and IMR are transmitted, or to wake up twice for CMR and IMR reception.  The former means that the UE has to wake up for a longer time when different slot offsets are configured, while the latter implies more frequency wake-up/sleeping switching.  So, we propose
[bookmark: _Toc506477513][bookmark: _Toc510697293][bookmark: _Toc510858882]Proposal 10:	For the NZP CSI-RS resource(s) and the CSI-IM resource(s) associated with a CSI reporting setting, a UE is not expected to be configured with the NZP CSI-RS resource(s) and the CSI-IM resource(s) in different slots.    
[bookmark: _Ref510810908]Text proposal
--- Start of text proposal to Section 5.2.1.4.1 in TS 38.214 ---
For the NZP CSI-RS resource(s) and the CSI-IM resource(s) associated with a CSI reporting setting, a UE is not expected to be configured with the NZP CSI-RS resource(s) and the CSI-IM resource(s) in different slots.
--- End of text proposal ---

--- Start of text proposal to Section 5.2.2.1.1 in TS 38.214 ---
The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.
-	In the time domain, for a UE configured with a single CSI resource set for the serving cell, the CSI reference resource for a CSI reporting in uplink slot n is defined by a single downlink slot n-nCQI_ref,
-	where for periodic and semi-persistent CSI reporting nCQI_ref is the smallest value greater than or equal to [TBD]5, such that it corresponds to a valid downlink slot. 
-	where for non-initial semi-persistent CSI reporting nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.

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


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


[bookmark: _Hlk497830446]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 active DL BWP in the slot is the same as the DL BWP for which the CSI reporting is performed, and.
-	there is at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource for which the CSI reporting is performed.
- 	where for aperiodic CSI reporting or initial semi-persistent reporting triggered by DCI, there is at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement later than the last symbol of the PDCCH carrying the DCI triggering the aperiodic or semi-persistent CSI. 

- 	where for initial semi-persistent reporting activated by MAC-CE, there is at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no earlier than slot n' + if the HARQ-ACK corresponding to the PDSCH carrying the MAC-CE command is transmitted in slot n'.
--- End of text proposal ---
Timing offset for SP-CSI reporting triggered by DCI
Discussion
In RAN1#92, the reporting timing for the SP-CSI via PUSCH was agreed as follows.  
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
As discussed in Sections 3.2 and 3.3, the initial report of SP-CSI after triggering and the non-initial report have different timing requirement.  For the initial SP-CSI reporting via PUSCH, the timing requirement should follow that for A-CSI.  For non-initial SP-CSI reporting, the timing requirement should follow that for P-CSI.  As illustrated in Figure 3, the SP-CSI reporting is triggered by a DCI in slot n – Y, and the slot offset indicated in the DCI is Y slots.  The UE shall report the initial SP-CSI in slot n, if the gap from the end of the PDCCH carrying the trigger to the start of the PDSCH carrying the SP-CSI is at least Z symbols, and if the occasion of CSI-RS and CSI-IM resource(s) associated with the SP-CSI report after the PDCCH satisfies that the gap from the end of the resource(s) to the start of the PUSCH is at least Z' symbols.  Otherwise the UE is not expected to update the CSI.
[image: ]
[bookmark: _Ref506559423]Figure 3.  Timeline for SP-CSI triggered by DCI.
[bookmark: _Toc510858883]Proposal 11:	For SP-CSI reporting triggered by DCI, the timing offset of the initial report after the trigger should meet the PUSCH preparation procedure time for A-CSI reporting.
[bookmark: _Ref510810911]Text proposal
--- Start of text proposal to Section 5.4 in TS 38.214 ---
When the CSI request field on a DCI triggers a CSI report on PUSCH not multiplexed with HARQ-ACK or transport block or when a semi-persistent CSI report on PUSCH is triggered, the UE shall provide a valid CSI report, 


-	if the first uplink symbol to carry the corresponding CSI report including the effect of the timing advance, starts no earlier than at symbol Zref, where Zref  is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDCCH triggering the CSI report., and


-	if the first uplink symbol to carry the corresponding CSI report including the effect of the timing advance, starts no earlier than at symbol Z’ref, where Z’ref  is defined as the next uplink symbol with its CP starting after  after the end of the last symbol in time of: the last symbol of aperiodic CSI-RS resource for channel measurements, the last symbol of aperiodic CSI-IM used for interference measurements, and the last symbol of aperiodic NZP CSI-RS for interference measurement, when aperiodic CSI-RS is used for channel measurement.
otherwise the UE may ignore the scheduling DCI.  


If the CSI report on PUSCH is not multiplexed with HARQ-ACK or transport block, ; otherwise, .
…
--- End of text proposal ---
Cross-carrier A-CSI triggering
According to Section 5.2.1.5 in [2], a A-CSI trigger state may include multiple CSI reporting settings, while these CSI reporting settings may belong to different CCs.  The CSI timing is indicated in the units of slots.  The duration of a slot scales as the SCS.  If the CSI reporting settings are on the CCs with different SCS, the CSI timing for that A-CSI trigger state can be quite complicated.
[bookmark: _Toc510858884]Proposal 12:	The CSI reporting settings in the same A-CSI triggering state shall be on the CCs with the same SCS.
Activation/deactivation of SP-CSI triggered by DCI
As summarized in [3], the number of activate SP-CSI on PUSCH needs to be clarified. There are two alternatives:
· Alt 1: At most one PUSCH-based SP-CSI report can be activated at a time
· Alt 2: More than one PUSCH-based SP-CSI report can be activated at a time
Although Alt.2 provides additional flexibility to activate or deactivate multiple SP-CSI reports, the benefit is unclear.  Not to mention the complication on timing offset for SP-CSI reporting.  One SP-CSI report to be activated or deactivated at a time should be sufficient.
[bookmark: _GoBack]In addition, dynamic updates on the PUSCH configuration was proposed in [4].  However, it does not solve the issue that UE error decodes the DCI signaling.  The gNB still needs to detect whether UE has correctly received the DCI activation or deactivation commands.  Since the activation is done by DCI signaling, it can be leveraged to support deactivation, rather than separately define extra DCI fields or codepoints.
[bookmark: _Toc510858885]Proposal 13:	Only one SP-CSI is activated at a time.
Dropping of SP-CSI
In RAN1#92, it was agreed that
SP-CSI reports on PUSCH cannot be multiplexed on the PUSCH with uplink data transmission. 
· SP-CSI report is dropped
The main bullet in the above agreements says that in NR, SP-CSI on PUSCH can only been transmitted on PUSCH without UL-SCH. Therefore, we can treat SP-CSI similar to A-CSI-only on PUSCH without UL-SCH. 
The sub-bullet in the agreement is very vague. First of all, the condition of “SP-CSI report is dropped” should consider colliding with which UL transmission such as SR, HARQ-ACK, or PUSCH. Secondly, the UE behaviour should be differentiated in the case of with same starting symbol or different starting symbol among colliding UL transmissions.  
In LTE, when SR colliding with A-CSI only on PUSCH without UL-SCH, it is considered as a misconfiguration. The reason is that in this case, when gNB see a slot has configured SR transmission occasions, gNB should schedule UCI with UL-SCH transmission in PUSCH to allow BSR report transmission in UL-SCH. From UE side, when UE sees SR colliding with A-CSI only, A-CSI is dropped when parallel SR and PUSCH transmission is not allowed. Just for simplicity, we can reuse this approach in NR. 
Therefore, following LTE spirit to handle this scenario, we have the following proposal 
[bookmark: _Toc510858886]Proposal 14:	For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with other UL transmissions with the same starting symbol, adopt the dropping rules in Table 2.
[bookmark: _Ref510858834]Table 2. Dropping rules.
	SP-CSI 
on PUSCH
	A-CSI-only 
on PUSCH
	HARQ-ACK
	SR
	PUSCH w/ UL-SCH
	Proposal

	
	*
	
	*
	
	Drop A-CSI-only on PUSCH, transmit SR.

	
	*
	*
	*
	
	Drop A-CSI-only on PUSCH, transmit SR and HARQ-ACK following defined rule in 38.213.

	*
	
	
	*
	
	Drop SP-CSI on PUSCH, transmit SR

	*
	
	*
	
	
	Multiplex HARQ-ACK on SP-CSI on PUSCH

	*
	
	*
	*
	
	Drop SP-CSI on PUSCH, transmit HARQ-ACK and SR following defined rule in 38.213

	*
	
	
	
	*
	Drop SP-CSI on PUSCH



[bookmark: _Toc510858887]Proposal 15:	For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with other UL transmissions with the different starting symbol, only the transmission with earliest starting symbol is performed, any other transmission is dropped.
Number of A-CSI reports being triggered per slot
Discussion
According to Section 5.2.1.5.1 in [2],  “A UE is not expected to receive more than one aperiodic CSI report request for a given slot.” There can be two different interpretations for this statement.
Alt-1: A UE is not expected to receive more than one UL-DCIs in the same slot, where more than one DCI has a non-zero CSI request field.
Alt-2: A UE is not expected to receive more than one UL-DCIs requesting A-CSI report for the same slot.
With Alt-1, a UE may receive, in slot n, a DCI requesting A-CSI report transmission in slot n + Y1.  It may also receive, in slot n + 1, another DCI requesting A-CSI report transmission in slot n + 1 + Y2. As shown in , Y1 and Y2 may be selected such that both A-CSI report are transmitted in the same slot, i.e., Y1 = Y2 + 1.  
[image: ]
Figure 4. Two DCIs trigger A-CSI reports for the same slot.
With Alt-2, it means that in a given slot, only one A-CSI report can be transmitted on PUSCH, i.e., Y1 ≠ Y2 + 1.  
Allowing more than one A-CSI reporting in a slot unnecessarily complicates system design.  First of all, due to missing DCI issue, UE and gNB may have different assumption of how many A-CSI reports should be transmitted in a slot, if allowing more than one A-CSI reporting per slot. Secondly, even without missing DCI, when HARQ-ACK multiplexed on PUSCH, with multiple A-CSI reporting, rule needs to be defined to decide multiplex HARQ-ACK on which PUSCH with A-CSI. And we need mechanism to make sure eNB and UE have the same understanding about HARQ-ACK is multiplexed on which PUSCH due to missing DCI. Last but not least, there is no strong motivation for gNB to use multiple DCIs in different slots to trigger multiple A-CSI reports in the same slot. Instead, gNB can use a single DCI to trigger a single A-CSI trigger state to request CSI for all the interested CSIs.
[bookmark: _Toc510858888]Proposal 16:	For a given slot, UE is not expected to transmit CSI reports triggered by more than one CSI requests received in multiple DCIs.
[bookmark: _Ref510818851]Text proposal
--- Start of text proposal to Section 5.2.1.5.1 in TS 38.214 ---
[bookmark: _Hlk508537202]If the UE is configured with a single carrier, the UE is not expected to transmit more than one aperiodic CSI reports triggered by more than one CSI requests received in multipledifferent DCIs on overlapping OFDM symbols.
--- End of text proposal ---
CSI encoding scheme when PUCCH is piggybacked on PUSCH
Discussion
According to Sections 5.2.4 in [2], a UE can be configured with periodic and semi-persistent CSI reporting via PUCCH.  Depending on the time-domain behaviour and the content of the report, different CSI encoding strategy is adopted as summarized in Table 3.  According to Section 5.2.4 in [2], a UE can be configured with semi-persistent CSI reporting via PUSCH with CSI encoding schemes listed in Table 3.  As shown in Table 3, for Type I CSI with subband frequency granularity and Type II CSI, the same CSI encoding schemes are used for semi-persistent CSI reporting regardless of the configured channel carrying the report.  
[bookmark: _Ref506581895]Table 3. Supported CSI reporting format.
	Type
	Content
	Configured via PUCCH
	Configured via PUSCH

	P-CSI
	Type I
WB
	Formats 2, 3, 4
	Single part (padding)
	N/A

	SP-CSI
	Type I
WB
	Format 2
	Single part (padding)
	Part 1: RI/CRI, CQI for 1st CW
Part 2: PMI, CQI for 2nd CW

	SP-CSI
	Type I
SB
	Format 3, 4
	Part 1: RI/CRI, CQI for 1st CW
Part 2: PMI, CQI for 2nd CW
	Part 1: RI/CRI, CQI for 1st CW
Part 2: PMI, CQI for 2nd CW

	SP-CSI
	Type II
WB/SB
	Formats 3, 4
	Part 1: RI, CQI, non-zero beams
	Part 1: RI, CQI, non-zero beams


In RAN1#AH1801, it was agreed in MIMO session that when the CSI configured via PUCCH is piggybacked on PUSCH, the encoding scheme and omission follows that of PUCCH.  It was also agreed that when HARQ-ACK/SR and CSI report are simultaneously transmitted using PUCCH format 2, 3, or 4, the UE drops the CSI bits using the same priority rules for CSI omission as for CSI on PUSCH.  However, the CSI omission rule for CSI on PUSCH is defined for CSI encoded into Part 1 and Part 2.  There’s no dropping rule for single part CSI.  That is, when a periodic or semi-persistent Type I CSI with wideband granularity configured via PUCCH is piggybacked on PUSCH, the CSI omission rule is undefined.  To address this issue, there could be two possible solutions.
· Alt-1: Define a new UCI code rate threshold and drop the entire CSI when the UCI code rate for transmitting the CSI is greater than the threshold.
· Alt-2: When Type I CSI with wideband granularity configured via PUCCH is piggybacked on PUSCH, the CSI encoding follows that for PUSCH, i.e., the CSI is split into Part 1 with RI/CRI and CQI for the 1st CW and Part 2 with PMI and CQI for the 2nd CW if RI > 4.  
With Alt-1, if the resource allocated for PUSCH is not enough, the entire CSI is dropped.  Also, a new RRC parameter may be needed to define the new UCI code rate threshold.  With Alt-2, if the resource allocated for PUSCH is not enough, the Part 1 CSI may still be reported.  Since the Part 1 CSI includes RI, the incomplete CSI can still be useful.  Not to mention that no new RRC parameter needs to be introduced in Alt-2.
[bookmark: _Toc510858889]Proposal 17:	When Type I CSI with wideband granularity originally configured for PUCCH reporting is piggybacked on PUSCH, the CSI payload is split into two parts.  The first part contains RI (if reported), CRI (if reported), CQI for the first codeword.  The second part contains PMI and contains the CQI for the second codeword when RI > 4.  
[bookmark: _Ref510810915]Text proposal
--- Start of text proposal to Section 5.2.3 in TS 38.214 ---
For both Type I and Type II reports configured for PUCCH but piggybacked on PUSCH, the encoding scheme follow that of PUCCH as described in Subclause 5.2.4.
For semi-persistent CSI report configured for PUCCH but piggybacked on PUSCH, the encoding scheme follow that of PUSCH.
For periodic CSI report consisting Type I CSI with wideband granularity configured for PUCCH but piggybacked on PUSCH, the CSI payload is split into two parts.  The first part contains RI (if reported), CRI (if reported), CQI for the first codeword.  The second part contains PMI and contains the CQI for the second codeword when RI > 4.
--- End of text proposal ---
[bookmark: _Ref510805532]CSI processing capability
Discussion
One open issue in CSI reporting is how to define CSI processing capability for a UE.  In LTE, the number of CSI processes supported by a UE can be used to characterize the CSI processing capability.  However, in NR, due to the flexible CSI framework, the CSI processing capability cannot be easily defined by a single number.  For example, a UE may be configured with 1 periodic CSI reporting setting, 2 semi-persistent CSI reporting settings, 3 aperiodic CSI reporting settings, and an SRS resource set for non-codebook based UL transmission.  The UE needs to maintain the CSI measurement for the periodic CSI and for the SRS precoding, but it only needs to maintain the CSI measurement for activated semi-persistent CSI and triggered aperiodic CSI.  For another example, a UE may be able to report three 8-port aperiodic Type I CSI without CRI for 3 different CCs at the same time, but it can only handle a single 16 port aperiodic Type I without CRI for 1 CC at a time.
[bookmark: _Toc510858890]Proposal 18:	UE CSI reporting capability should be defined across CCs.
To avoid complex UE capability definition, we can characterize the CSI computation capability by a combination of a maximum number of CSI processes across all CCs and a maximum number of ports of the NZP CSI-RS resource(s) in all active CSI Resource Set(s) per CSI process.  In addition to DL CSI measurement, the SRS precoding based on CSI-RS shall also be counted in the CSI processing capability.  CSI processes are allocated for configured ReportConfigs and SRS resource sets for non-codebook based UL as follows.
· When a periodic CSI ReportConfig is configured, Kp CSI processes are reserved exclusively for this periodic CSI ReportConfig, if the CSI is derived based on a NZP CSI-RS resource set consisting of Kp CSI-RS resources.
· If a UE is configured with one or more semi-persistent CSI ReportConfig, Ksp CSI processes are reserved exclusively for all configured semi-persistent CSI ReportConfigs, where Ksp is maximum number of CSI-RS resources per NZP CSI-RS resource set associated with the configured semi-persistent CSI ReportConfig(s).
· When a periodic or semi-persistent SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, one CSI process is reserved exclusively for the SRS resource set.
· A CSI process can be used for aperiodic CSI ReportConfig(s) if it is not reserved for either periodic CSI ReportConfig(s) or semi-persistent CSI ReportConfig(s) or periodic SRS resource set or semi-persistent SRS resource set.
· When an aperiodic CSI ReportConfig is triggered, Kap unoccupied CSI processes are needed, if the CSI is derived based on a NZP CSI-RS resource set consisting of Kap CSI-RS resources.
As shown in Figure 5, for example, a UE declares that it can support 5 CSI processes and it is configured with 1 periodic, 2 semi-persistent, 3 A-CSI reporting settings, and 1 periodic SRS for non-codebook based UL.  CSI process 0 is reserved for the periodic CSI.  CSI process 1 is reserved for semi-persistent CSI 0 and 1.  Until semi-persistent CSI 0 is released, the UE may ignore the activation command for semi-persistent CSI 1, or the UE is not required to update the CSI.  CSI process 2 is reserved for periodic SRS.  CSI processes 3 and 4 can be used for aperiodic CSI 0, 1, and 2.  When aperiodic CSI 0 is triggered but both CSI processes 3 and 4 are occupied by aperiodic CSI 1 and 2, the UE either ignores the request for aperiodic CSI 0 or is not required to update the CSI.
[image: ]
[bookmark: _Ref506633765]Figure 5.  Illustration of CSI process vs P-/SP-/A-CSI reporting.
A UE is not expected to update the CSI if the total number of NZP CSI-RS ports associated with in the active CSI Resource Set(s) associated with the ReportConfig exceeds the reported capability.  The active CSI Resource Set is defined as follows.
· The CSI Resource Set in a periodic or semi-persistent Resource Setting is always active.
· The CSI Resource Set in an aperiodic Resource Setting is active when the Resource Set is triggered for CSI reporting.
[bookmark: _Toc510858891]Proposal 19:	Define a CSI process based on its association with CSI ReportConfigs, such that when a periodic CSI ReportConfig is configured, Kp CSI processes are reserved exclusively for this periodic CSI ReportConfig, where Kp is the number of CSI-RS resources per NZP CSI-RS resource set associated with the CSI ReportConfig; and that if a UE is configured with one or more semi-persistent CSI ReportConfig, Ksp CSI processes are reserved exclusively for all configured semi-persistent CSI ReportConfigs, where Ksp is maximum number of CSI-RS resources per NZP CSI-RS resource set associated with the configured semi-persistent CSI ReportConfig(s); and that when a periodic or semi-persistent SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, one CSI process is reserved exclusively for the SRS resource set; and that a CSI process can be used for aperiodic CSI ReportConfig, if it is not reserved for a  periodic CSI ReportConfig or  a semi-persistent CSI ReportConfig or a periodic SRS resource set or a semi-persistent SRS resource set; and that Kap CSI processes are occupied for an aperiodic CSI ReportConfig in the duration from the start of the PDCCH triggering the CSI to the end of the PUSCH carrying the CSI, if the CSI is derived based on a NZP CSI-RS resource set consisting of Kap CSI-RS resources.
[bookmark: _Toc510858892]Proposal 20:	Define number of active NZP CSI-RS ports as the sum of the total number of ports in the NZP CSI-RS resources associated with all active aperiodic and semi-persistent CSI ReportConfigs and the total number of ports in the NZP CSI-RS resources associated with all configured periodic CSI ReportConfigs.  
[bookmark: _Toc510858893]Proposal 21:	A UE reports a list of supported combinations of a maximum number of CSI processes across all CCs and the associated maximum number of NZP CSI-RS ports in all active CSI Resource Set(s) per CSI process.
[bookmark: _Toc510858894]Proposal 22:	A UE is not expected to update the CSI if the total number of NZP CSI-RS ports in the CSI Resource Set(s) associated with the active ReportConfig exceeds the reported capability.
[bookmark: _Ref510810918]Text proposal
--- Start of text proposal to Section 5.4 in TS 38.214 ---
UE CSI reporting capability is defined across CCs.  A UE reports its CSI reporting capability in a list of supported combination(s) of NmaxCSI-process and PmaxCSI-process, where NmaxCSI-process is the maximum number of CSI processes across all CCs, and PmaxCSI-process is the maximum number of NZP CSI-RS ports in all active CSI Resource Set(s) per CSI process.  
· When a periodic CSI ReportConfig is configured, Kp CSI processes are reserved exclusively for this periodic CSI ReportConfig, if the CSI is derived based on a NZP CSI-RS resource set consisting of Kp CSI-RS resources.
· If a UE is configured with one or more semi-persistent CSI ReportConfig, Ksp CSI processes are reserved exclusively for all configured semi-persistent CSI ReportConfigs, where Ksp is maximum number of CSI-RS resources per NZP CSI-RS resource set associated with the configured semi-persistent CSI ReportConfig(s).
· When a periodic or semi-persistent SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, one CSI process is reserved exclusively for the SRS resource set.
· A CSI process can be used for aperiodic CSI ReportConfig(s) if it is not reserved for either periodic CSI ReportConfig(s) or semi-persistent CSI ReportConfig(s) or periodic SRS resource set or semi-persistent SRS resource set.
· When an aperiodic CSI ReportConfig is triggered, and when the CSI is associated based on a NZP CSI-RS resource set consisting of Kap CSI-RS resources, the UE shall provide a valid CSI report if there are at least Kap unreserved CSI processes.  The Kap CSI processes are reserved in the duration from the first symbol of the PDCCH carrying the CSI trigger to the last symbol of the PUSCH carrying the CSI report; otherwise, the UE may ignore the DCI scheduling the aperiodic CSI report. 
A UE is not expected to update the CSI if the total number of NZP CSI-RS ports in the active CSI Resource Set(s) associated with the ReportConfig exceeds the reported capability NmaxCSI-process.
--- End of text proposal ---
Conclusion
In this contribution, we discuss remaining issues of CSI reporting for NR-MIMO.  We made the following proposals.
Proposal 1:	A UE may ignore the scheduling DCI for CSI reporting on PUSCH, if the gap from the end of PDCCH containing the CSI request to the start of the corresponding PUSCH transmission is less than (Z + 1) OFDM symbols, when the A-CSI report is multiplexed with UL-SCH.
Proposal 2:	For SCS of 120kHz, high-latency class CSI is not supported.
Proposal 3:	For CSI computation delay, the symbol duration is based on the minimum SCS of the PDCCH carrying the CSI request, the PUSCH carrying the report, and the CSI-RS/CSI-IM resource(s) linked with the report.
Proposal 4:	Low-latency CSI class is only applicable for NZP CSI-RS resource set consisting a single NZP CSI-RS resource.
Proposal 5:	High-latency CSI class is only applicable for NZP CSI-RS resource set consisting a single NZP CSI-RS resource.
Proposal 6:	For aperiodic CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the reported CSI shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol starting no early than the first symbol after the PDCCH carrying the aperiodic CSI trigger.
Proposal 7:	For the DCI triggered semi-persistent CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the initial CSI report shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol starting no early than the first symbol after the PDCCH carrying the semi-persistent CSI trigger.
Proposal 8:	For the MAC-CE activated semi-persistent CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the initial CSI report shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol where the MAC-CE message is applied.
Proposal 9:	For periodic and non-initial semi-persistent CSI reporting, nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.
Proposal 10:	For the NZP CSI-RS resource(s) and the CSI-IM resource(s) associated with a CSI reporting setting, a UE is not expected to be configured with the NZP CSI-RS resource(s) and the CSI-IM resource(s) in different slots.
Proposal 11:	For SP-CSI reporting triggered by DCI, the timing offset of the initial report after the trigger should meet the PUSCH preparation procedure time for A-CSI reporting.
Proposal 12:	The CSI reporting settings in the same A-CSI triggering state shall be on the CCs with the same SCS.
Proposal 13:	Only one SP-CSI is activated at a time.
Proposal 14:	For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with other UL transmissions with the same starting symbol, adopt the dropping rules in Table 2.
Proposal 15:	For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with other UL transmissions with the different starting symbol, only the transmission with earliest starting symbol is performed, any other transmission is dropped.
Proposal 16:	For a given slot, UE is not expected to transmit CSI reports triggered by more than one CSI requests received in multiple DCIs.
Proposal 17:	When Type I CSI with wideband granularity originally configured for PUCCH reporting is piggybacked on PUSCH, the CSI payload is split into two parts.  The first part contains RI (if reported), CRI (if reported), CQI for the first codeword.  The second part contains PMI and contains the CQI for the second codeword when RI > 4.
Proposal 18:	UE CSI reporting capability should be defined across CCs.
Proposal 19:	Define a CSI process based on its association with CSI ReportConfigs, such that when a periodic CSI ReportConfig is configured, Kp CSI processes are reserved exclusively for this periodic CSI ReportConfig, where Kp is the number of CSI-RS resources per NZP CSI-RS resource set associated with the CSI ReportConfig; and that if a UE is configured with one or more semi-persistent CSI ReportConfig, Ksp CSI processes are reserved exclusively for all configured semi-persistent CSI ReportConfigs, where Ksp is maximum number of CSI-RS resources per NZP CSI-RS resource set associated with the configured semi-persistent CSI ReportConfig(s); and that when a periodic or semi-persistent SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, one CSI process is reserved exclusively for the SRS resource set; and that a CSI process can be used for aperiodic CSI ReportConfig, if it is not reserved for a  periodic CSI ReportConfig or  a semi-persistent CSI ReportConfig or a periodic SRS resource set or a semi-persistent SRS resource set; and that Kap CSI processes are occupied for an aperiodic CSI ReportConfig in the duration from the start of the PDCCH triggering the CSI to the end of the PUSCH carrying the CSI, if the CSI is derived based on a NZP CSI-RS resource set consisting of Kap CSI-RS resources.
Proposal 20:	Define number of active NZP CSI-RS ports as the sum of the total number of ports in the NZP CSI-RS resources associated with all active aperiodic and semi-persistent CSI ReportConfigs and the total number of ports in the NZP CSI-RS resources associated with all configured periodic CSI ReportConfigs.
Proposal 21:	A UE reports a list of supported combinations of a maximum number of CSI processes across all CCs and the associated maximum number of NZP CSI-RS ports in all active CSI Resource Set(s) per CSI process.
Proposal 22:	A UE is not expected to update the CSI if the total number of NZP CSI-RS ports in the CSI Resource Set(s) associated with the active ReportConfig exceeds the reported capability.
We propose adopting text proposals in Sections 2.2, 3.5, 4.2, 8.2, 9.2, and 10.2.
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