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1	Introduction
This contribution discusses remaining essential maintenance issues for CSI acquisition.
[bookmark: _Ref178064866]2	Corrections to CSI reference resource
2.1	Timing of the reference resource when UL and DL BWP uses different numerology
In the current definition of the timing of the CSI reference resource, consideration is not taken for when the UL and DL uses different numerologies. In that case, relating an uplink slot whereon the CSI report is transmitted with a downlink slot which should act as the CSI reference resource must be done using a scaling with taking into account the difference in UL and DL SCS. It should be noted that a similar principle is applied to how the PUSCH scheudling offset relative PDCCH is calculated in TS 38.214 Section 6.1.2.1, so it should be straightforward to implement.

[bookmark: _Toc521697547]Apply the corrections in TP#1 for CSI reference resource timing
<-------------------------------- Begin of text proposal #1 Section 5.2.2.1.1 of 38.214 ---------------------------------
[bookmark: _Hlk497821946][bookmark: _Hlk497822531]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.
[bookmark: _Hlk497896664]-	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   and  and  are the subcarrier spacing configurations for DL and UL,  respectively
-	where for periodic and semi-persistent CSI reporting
-	if a single CSI-RS resource is configured for channel measurement nCQI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or
-	if multiple CSI-RS resources are configured for channel measurement nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.

[bookmark: _Hlk497823914]-	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.
<-------------------------------- End of text proposal Section 5.2.2.1.1 of 38.214 ---------------------------------
2.2	Definition of valid downlink slot
In current version of the specification, each CSI report setting and CSI-RS resource setting is associated only with a single DL BWP, and as per agreement in RAN1#91, CSI is only reported for the currently active DL BWP. According to the agreement, this should be captured in the spec by omitting reporting of a P/SP CSI report if the associated DL BWP was not the active DL BWP on the CSI reference resource:
Agreement 
A periodic or semi-persistent CSI report, associated with a DL BWP, scheduled for reporting in slot n is reported only if the associated DL BWP was the active DL BWP in the time location of the CSI reference resource (slot ) for the CSI report
That is, the time location of the CSI reference resource of the report should be used as a “BWP-reference” in order to determine if the CSI report should be transmitted or not.
However, the current definition in 38.214 is broken and does not capture the intended behaviour:
[bookmark: _Toc510988201]5.2.2.1.1	CSI reference resource definition
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
-	if a single CSI-RS resource is configured for channel measurement nCQI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or
-	if multiple CSI-RS resources are configured for channel measurement nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.

-	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.
[bookmark: _Hlk497830446]-	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.
A slot in a serving cell shall be considered to be a valid downlink slot if:
-	it comprises at least one higher layer configured downlink or flexible symbol, 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 in DRS Active Time no later than CSI reference resource for which the CSI reporting is performed. 
If there is no valid downlink slot for the CSI reference resource corresponding to a CSI Report Setting in a serving cell, CSI reporting is omitted for the serving cell in uplink slot n.



As nCQI_ref  is “the smallest value greater than or equal to ”, that corresponds to a valid DL slot, the offset could potentially be e.g. 1000 slots, if the first 999 slots are deemed not valid. If a single DL BWP was used, this would not happen in practice, however, as a criterion for “valid downlink slot” is that “the active DL BWP in the slot is the same as the DL BWP for which the CSI reporting is performed”, this could happen if a switch from DL BWP A to DL BWP B occurred 1000 slots ago and the CSI report in question is associated with DL BWP A. 
Or put differently, with the current formulation in the spec, any CSI report associated with a DL BWP which was been previously active (but is not currently active) will have a valid downlink slot n-nCQI_ref for the CSI reference resource (which will be the slot right before the BWP switch), and the CSI report for the inactive BWP will hence be transmitted, which is not the intention.

[bookmark: _Toc513732044][bookmark: _Toc521697545]Since nCQI_ref  can be any value larger than  that corresponds to a valid DL slot, it can potentially be very large and results in that any DL BWP that has previously been active has a valid DL slot and so CSI would be reported for currently inactive BWPs, which is not the desired effect
Thus, as the valid downlink slot of the CSI reference resource is to be used as a “BWP-reference”, we cannot use “the active DL BWP in the slot is the same as the DL BWP for which the CSI reporting is performed” as a criterion for what is a valid downlink slot. Hence, two separate criterions must be used.
The fourth criterion in the definition of a valid downlink slot is also problematic since it states that “there is at least one CSI-RS [..] no later than CSI reference resource”. However, the location of the CSI reference resource depends on the definition of the “valid downlink slot”, so the former can logically not be used as a criterion to define the latter as this would introduce a cyclic dependency.
[bookmark: _Toc513732045][bookmark: _Toc521697546]The requirement on at least one CSI-RS transmission occasion no later than the CSI reference resource in the definition of a valid DL slot makes the definition cyclic as the definition of CSI reference resource depends on the definition of a valid DL slot
The solution to these problems is, as mentioned before, to split up the determination into two steps. First, a valid downlink slot n-nCQI_ref for the CSI reference resource for a certain CSI report is determined. Second, one checks which DL BWP was active in that slot, to determine if the CSI report shall be transmitted or not. This is captured by the below text proposal.

[bookmark: _Toc521697548]Apply the corrections in TP#2 to the definition of valid downlink slot of the CSI reference resource
<-------------------------------- Begin of text proposal #2 Section 5.2.2.1.1 of 38.214 --------------------------------->
A slot in a serving cell shall be considered to be a valid downlink slot if:
-	it comprises at least one higher layer configured downlink or flexible symbol, and
-	it does not fall within a configured measurement gap for that UE, And
The valid downlink slot of a CSI reference resource for a CSI report shall be considered infeasible if:
-	the active DL BWP in the valid downlink slot of the CSI reference resource is not the same as the DL BWP for which the CSI reporting is performed, and or
-	there is at least one no CSI-RS transmission occasion for channel measurement and or no CSI-RS and/or CSI-IM occasion for interference measurement in DRSX Active Time no later than the valid downlink slot of the CSI reference resource for which the CSI reporting is performed. 
If there is no valid downlink slot for the CSI reference resource corresponding to a CSI Report Setting in a serving cell or if the valid downlink slot of the CSI reference resource is infeasible, CSI reporting is omitted for the serving cell in uplink slot n.
<-------------------------------- End of text proposal Section 5.2.2.1.1 of 38.214 --------------------------------->

3	Corrections to CSI timing criterion
There are a number of issues with the definition of the CSI timing criterion in Section 5.4 of 38.214 which require correction. Some are merely typos or ambiguous language, while for other cases agreements on UE behaviour is still missing. To get an overview, we summarize the required corrections:
1. The value of for the beam reporting CSI latency class is still FFS
2. For CSI latency requirement 1, downselection between  and  is needed
3. The notation  where m indicates CSI report index can be confused with the , notation for low and high latency CSI
4. Low latency CSI values in requirement 2 can be applied even when CSI is multiplexed with UL-SCH or HARQ-ACK according to agreements. This is not correctly captured in the spec.
5. The offset d is not given for  (but incorrectly given for )
6. In the criterions for when a UE is not to transmit the CSI due to too short time, “starts no earlier than at symbol Zref” should be replaced with “starts earlier than at symbol Zref”

Regarding issue #1, we believe that a simple approach of adding 2 symbols to the reported UE capability for beam reporting should be sufficient.
[bookmark: _Toc521697549]For the beam reporting CSI latency class,  symbols, where  is the UEs reported capability in FG 2-25
Regarding issue #2, we prefer to use the lower values.
[bookmark: _Toc521697550]For CSI latency requirement 1, Z=9 symbols and Z'=7 symbols is preferred 

The remaining issues is addressed with the below TP.
[bookmark: _Toc521697551]Adopt the corrections in TP#3 for CSI timing criterion
<-------------------------------- Begin of text proposal #3 Section 5.4 of 38.214 --------------------------------->
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, the UE shall provide valid CSI report(s), 
-	if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Zref , and
-	if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Z'ref, 


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 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 latest 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 for triggered CSI report n, 
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Zref,
-	the UE may ignore the scheduling DCI if no HARQ-ACK or transport block is multiplexed on the PUSCH, or
-	the UE drops the CSI for the triggered CSI reports if either HARQ-ACK or transport block is multiplexed on the PUSCH,
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, 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 for report n,
-	the UE may ignore the scheduling DCI if the number of triggered reports is one and no HARQ-ACK or transport block is multiplexed on the PUSCH
-	Otherwise, the UE is not required to update the CSI for the triggered CSI report n.
Z and Z' are defined as: 
 and , where M is the number of updated CSI report(s) according to Subclause 5.2.1.6,  corresponds to the m-th requested CSI report and is defined as
-	 of the table 5.4-1 if the CSI is triggered without a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied (according to Subclause 5.2.1.6) and the CSI to be transmitted corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports in a single resource without CRI report and where CodebookType is set to 'TypeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', or
-	 of the table 5.4-2 if the CSI is triggered without a PUSCH with either a transport block or HARQ-ACK or both and the CSI to be transmitted corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports in a single resource without CRI report and where CodebookType is set to 'TypeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', or
-	If reportQuantity is set to 'cri-RSRP' or 'ssb-Index-RSRP', is according to UE reported capability and is FFS, or
-	 of table 5.4-2 otherwise.
-	µ of table 5.4-1 and table 5.4-2  corresponds to the min (µPDCCH, µCSI-RS, µUL) where the µPDCCH corresponds to the subcarrier spacing of the PDCCH with which the DCI was transmitted and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted and µCSI-RS corresponds to the minimum subcarrier spacing of the aperiodic CSI-RS triggered by the DCI
-	d = 0 if the CSI is not multiplexed with a PUSCH with either a transport block or HARQ-ACK of both. If CSI is multiplexed with a PUSCH with either a transport block or HARQ-ACK of both, d = 2 for µ = 0,1, d = 3 for µ = 2 and d = 3 for µ = 3
Table 5.4-1: CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	[9 or 10]
	[7 or 8]

	1
	13
	11

	2
	25
	21

	3
	43
	36



Table 5.4-2: CSI computation delay requirement 2
	

	Z1 [symbols]
	Z2 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2

	0
	22
	16
	40
	37

	1
	33
	30
	72
	69

	2
	44
	42
	141
	140

	3
	97
	85
	152
	140


<-------------------------------- Begin of text proposal Section 5.4 of 38.214 --------------------------------->
4	Proposal to introduce shorter CSI timing requirement for single CSI report
The CSI timing requirement in NR was mainly driven by the need to support 5 simultaneous CSI calculations (with either 5 CSI reports or CRI reporting with 5 CSI-RS resources). This lead to a relatively large required slot offset for aperiodic CSI reports compared to that which is typically used for regular data PUSCH scheduling. For 30 kHz SCS, the required slot offset is K2=6 slots for a high latency CSI report while a typical data PUSCH scheudling may use K2=2 slots. However, in a typical case, gNB will only trigger a single subband CSI report with Ks=1 CSI-RS resource, implying that a smaller CSI processing delay could likely be used.
This unnecessarily long delay challenges for the scheduler in both UL and DL which results in performance degradation in the NW, in addition to the unnecessarily long CSI delay:
· The UL resources cannot be fully utilized. Consider the example in Figure 1 below.  An UL grant scheudling A-CSI+ Data for UE1 is transmitted in slot 1, since the required slot offset is K2=6, it can only be scheduled in slot 7 and not in the next coming UL slot, slot 3. Later, a more prioritized UE data arrives, which the gNB would like to send a grant for in slot 5 (to be scheduled in slot 7). However, since the CSI report for UE 1 is already scheduled for that slot, it is not possible to scheduled UE 2. This implies that PUSCH containing aperiodic CSI has the de facto highest priority in the system, even higher than URLLC traffic, since it needs to be scheduled longer beforehand. If instead, the slot offset required for CSI was smaller, slot 3 could have been utilize for CSI transmission and slot 7 for transmission of UE2. Thus, UL resources in the system are underutilized because of the large delay requirement for A-CSI.
· Since there is a restriction that PDCCH that can multiplex HARQ-ACK on a PUSCH does not come after the PDCCH scheduling that PUSCH, HARQ-ACK feedback for PDSCH scheduled after the UL grant scheduling A-CSI is delayed, as it must be transmitted after the PUSCH. I.e. a large value of K1 must be used. This issue is discussed in more detail in [1].

[image: ]
[bookmark: _Ref521687659]Figure 1: Illustration of missed Ul transmission opportunity due to long CSI processing delay
To mitigate the above problems, we propose to introduce a shorter CSI timing requirement that is used when a single CSI report (with either High or Low Latency CSI, but without CRI reporting) is triggered, as single CSI report triggering is by far the most common case.
[bookmark: _Toc521697552]Introduce a new CSI timing requirement for when a single High/Low latency CSI report without CRI reporting is triggered

5	Corrections to CSI processing criteria
A very important “not” is missing in Section 5.2.1.6.
[bookmark: _Toc521697553]Adopt the correction in TP#4 to CSI processing criteria
<-------------------------------- Begin of text proposal #4 Section 5.2.1.6 of 38.214 --------------------------------->
Processing of a CSI report occupies a number of CPUs for a number of symbols as follows:
-	A CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP' or 'none' occupies one CPU.
-	A CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'cri-RSRP' or 'none' occupies CPUs, where is the number of CSI-RS resources in the CSI-.RS resource set for channel measurement. 
-	A CSI report aperiodically triggered without transmitting a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied, where the CSI corresponds to wideband frequency-granularity and to at most 4 CSI-RS ports in a single resource without CRI report and where codebookType is set to 'TypeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', occupies CPUs.
<-------------------------------- End of text proposal Section 5.2.1.6 of 38.214 --------------------------------->

4	Corrections to ZP CSI-RS resource set definition
[bookmark: _GoBack]The definition of ZP CSI-RS resource sets for different time-domain behaviour no longer matches the corresponding RRC parameters in 38.331. For instance, there is no resourceType parameter defined in ZP-CSI-RS-ResourceSet, instead different lists of sets for the different time-domain behaviors are defined in PDSCH-Config. 
[bookmark: _Toc521697554]Adopt the correction in TP#5  to ZP CSI-RS resource set definition
<-------------------------------- Begin of text proposal #5 Section 5.1.4.2 of 38.214 --------------------------------->
-	within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) with either aperiodic , semi-persistent or periodic time-domain behaviour (higher layer parameters zp-CSI-RS-ResourceToAddModList in ZP-CSI-RS-ResourceSet aperiodic-ZP-CSI-RS-ResourceSetsToAddModList, sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-RS-ResourceSet), with each ZP-CSI-RS resource set consisting of at most 16 ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-Resource) in numerology of the BWP. The following parameters are configured via higher layer signaling for each ZP CSI-RS resource configuration:
-	zp-CSI-RS-ResourceId in ZP-CSI-RS-Resource  determines ZP CSI-RS resource configuration identity.
-	NrofPorts defines the number of CSI-RS ports, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CDMType defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	ZP-CSI-RS-FreqBand parameters enabling configuration of frequency occupancy of a ZP-CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211]. If the configured bandwidth is larger than the corresponding BWP, UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size.
-	resourceMapping given by ZP-CSI-RS-Resource defines the OFDM symbol and subcarrier occupancy of the ZP-CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211]. 
[bookmark: _Hlk512445251]-	periodicityAndOffset in ZP-CSI-RS-Resource defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS. 
-	resourceType in ZP-CSI-RS-ResourceSet defines the ZP-CSI-RS time domain behavior of ZP-CSI-RS resource configuration as described in Subclause 7.4.1.5 of [4, TS 38.211]. The ZP-CSI-RS-ResourceConfigType can be periodic, semi-persistent or aperiodic. All the resources in a ZP CSI-RS resource set are configured with the same ZP-CSI-RS-ResourceConfigType ('periodic', 'semi-persistent', 'aperiodic').
[bookmark: _Hlk512443092]The UE may be configured with a DCI field for triggering the aperiodic ZP-CSI-RS. A list of ZP-CSI-RS-ResourceSet(s), provided by higher layer parameter aperiodic-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config , is configured for aperiodic triggering. The maximum number of aperiodic ZP-CSI-RS-ResourceSet(s) configured per BWP is 3. The bit-length of DCI field ZP CSI-RS trigger depends on the number of aperiodic ZP-CSI-RS-ResourceSet(s)configured (up to 2 bits). Each non-zero codepoint of ZP CSI-RS trigger in DCI triggers one aperiodic ZP-CSI-RS-ResourceSet in the list aperiodic-ZP-CSI-RS-ResourceSetsToAddModList by indicating the aperiodic ZP CSI-RS resource set ID. The DCI codepoint '01' triggers the resource set with ZP-CSI-RS-ResourceSetIds = 1, the DCI codepoint '10' triggers the resource set with ZP-CSI-RS-ResourceSetIds = 2, and the DCI codepoint '11' triggers the resource set with ZP-CSI-RS-ResourceSetIds = 3. Codepoint '00' is reserved for not triggering aperiodic ZP CSI-RS.
For a The UE may be configured with the higher layer parameter resourceType set to 'semiPersistent ', a list of ZP-CSI-RS-ResourceSet(s), provided by higher layer parameter sp-ZP-CSI-RS-ResourceSetsToAddModList, is configured 
-	when the HARQ-ACK corresponding to the PDSCH carrying the activation command [10, TS 38.321] for ZP CSI-RS resource(s) transmitted in slot n, the corresponding action in [10, TS 38.321] and the UE assumption on the PDSCH RE mapping corresponding to the activated ZP CSI-RS resource(s) shall be applied starting from slot .
-	when the HARQ-ACK corresponding to the PDSCH carrying the deactivation command [10, TS 38.321] for activated ZP CSI-RS resource(s) in slot n, the corresponding action in [10, TS 38.321] and the UE assumption on cessation of the PDSCH RE mapping corresponding to the de-activated ZP CSI-RS resource(s) shall be applied starting from slot .

<-------------------------------- End of text proposal Section 5..1.4.2 of 38.214 --------------------------------->
Conclusion
In this contribution, we have presented a number of corrections to the NR CSI acquisition framework, and made the following proposals and observations:

Observation 1	Since nCQI_ref  can be any value larger than  that corresponds to a valid DL slot, it can potentially be very large and results in that any DL BWP that has previously been active has a valid DL slot and so CSI would be reported for currently inactive BWPs, which is not the desired effect
Observation 2	The requirement on at least one CSI-RS transmission occasion no later than the CSI reference resource in the definition of a valid DL slot makes the definition cyclic as the definition of CSI reference resource depends on the definition of a valid DL slot

Proposal 1	Apply the corrections in TP#1 for CSI reference resource timing
Proposal 2	Apply the corrections in TP#2 to the definition of valid downlink slot of the CSI reference resource
Proposal 3	For the beam reporting CSI latency class,  symbols, where  is the UEs reported capability in FG 2-25
Proposal 4	For CSI latency requirement 1, Z=9 symbols and Z'=7 symbols is preferred
Proposal 5	Adopt the corrections in TP#3 for CSI timing criterion
Proposal 6	Introduce a new CSI timing requirement for when a single High/Low latency CSI report without CRI reporting is triggered
Proposal 7	Adopt the correction in TP#4 to CSI processing criteria
Proposal 8	Adopt the correction in TP#5  to ZP CSI-RS resource set definition

 
[bookmark: _In-sequence_SDU_delivery]References
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