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1. Introduction

In this contribution, we discuss several issues on aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH.
2. Discussion
2.1. Clarification for beamSwitchTiming
There are following agreements regarding beam switching timing for cross-carrier aperiodic CSI-RS triggering.
	Agreements:

For the case when µPDCCH < µCSI-RS:
· The additional delay d for the beam switching timing delay X+d is the same for A-CSI-RS triggering with different SCS and for cross-carrier scheduling with different SCS
· FFS: potential effects of the UE power saving WIs cross-slot scheduling may need to be considered

· The additional delay is equal to d

· d=8, 8, 14 PDCCH symbols for 15, 30, 60 kHz SCS respectively

Agreements:

· The same additional beam switching timing  as agreed for A-CSI under 7.2.13.4 is used for PDSCH being cross-carrier scheduled with different numerologies


According to these agreements, the additional delay d is determined based on PDCCH SCS like cross-carrier PDSCH scheduling, where delta is determined based on PDCCH SCS counting from the end of the last symbol of the received PDCCH symbol to the beginning of the first symbol of the corresponding received PDSCH.
In TS 38.214 section 5.2.1.5.1a of 3GPP Rel-16, the UE reported threshold beamSwitchTiming + d in PDCCH symbols is used for TCI state determination of aperiodic CSI-RS, where the beam switching timing delay d is defined in the following table.

	µPDCCH
	d [PDCCH symbols]

	0
	8

	1
	8

	2
	14


According to the current specification, the threshold is defined as beamSwitchTiming + d in PDCCH symbols. In the case of cross-carrier CSI-RS triggering with mix numerologies, the aperiodic CSI-RS SCS is different from the PDCCH SCS. Consequently, it needs to be clarified that the threshold beamSwitchTiming reported by UE is either based on PDCCH symbols, or based on CSI-RS symbols and then converted to PDCCH symbols in calculation. We prefer the latter one, where the threshold beamSwitchTiming is determined based on the SCS of the triggered aperiodic CSI-RS like cross-carrier PDSCH scheduling, and is converted to PDCCH symbols for QCL determination of aperiodic CSI-RS.
Proposal 1: 

· Clarify that the threshold beamSwitchTiming is determined based on the SCS of the triggered aperiodic CSI-RS and converted to PDCCH symbols for QCL determination of aperiodic CSI-RS.
	TS 38.214  
5.2.1.5.1a
Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies
< Unchanged parts are omitted >
Beam switch timing:

-
If the µPDCCH < µCSIRS
-
If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition is smaller than the UE reported threshold beamSwitchTiming + d in PDCCH symbols, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}and where the beam switching timing delay d is defined in Table 5.2.1.5.1a-1,

-
if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming + d in PDCCH symbols when the reported value is one of the values {14,28,48}, periodic CSI-RS, semi-persistent CSI-RS;

-
else,

-
if at least one CORESET is configured for the BWP in which the aperiodic CSI-RS is to be received, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.

-
else, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption of the lowest-ID activated TCI state applicable to the PDSCH within the active BWP of the cell in which the CSI-RS is to be received. 

-
If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is equal to or greater than the UE reported threshold beamSwitchTiming + d in PDCCH symbols, when the reported value is one of the values of {14,28,48}, the UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI.
Table 5.2.1.5.1a-1: Additional beam switching timing delay d
µPDCCH
d [PDCCH symbols]

0

8

1

8

2

14

-
The threshold beamSwitchTiming is determined based on the subcarrier spacing of the triggered aperiodic CSI-RS and converted to PDCCH symbols for QCL determination of aperiodic CSI-RS.
< Unchanged parts are omitted >


2.2. Clarification for minimumSchedulingOffset
In 5.2.1.5.1of TS 38.214, for aperiodic CSI-RS triggering with same numerology between CSI-RS and triggering PDCCH, if the UE is not configured with [minimumSchedulingOffset] for any DL or UL BWP and if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states, the CSI-RS triggering offset is fixed to zero. 

In 5.2.1.5.1a of TS 38.214, when the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, it is stated that the behavior defined in 5.2.1.5.1 for the case with same numerology still applies, with the exception that Ncsirs is defined as a function of the subcarrier spacing of the triggering PDCCH as following. 
-
If the µPDCCH < µCSIRS, the UE is expected to be able to measure the aperiodic CSI RS, if the CSI-RS starts no earlier than the first symbol of the CSI-RS carrier’s slot that starts at least Ncsirs PDCCH symbols after the end of the PDCCH triggering the aperiodic CSI-RS.
-
If the µPDCCH > µCSIRS, the UE is expected to be able to measure the aperiodic CSI RS, if the CSI-RS starts no earlier than at least Ncsirs PDCCH symbols after the end of the PDCCH triggering the aperiodic CSI-RS.
The behaviour of CSI-RS triggering offset with value zero means PDCCH and aperiodic CSI-RS are in same slot. However, the interval of Ncsirs PDCCH symbols between PDCCH and aperiodic CSI-RS also needs to be met. This will affect the flexibility of aperiodic CSI-RS triggering with different numerology. Thus, the behavior in 5.2.1.5.1 of TS 38.214 mentioned above should not be applied in 5.2.1.5.1a.

Proposal 2: 

· Clarify the following behavior in 5.2.1.5.1of TS 38.214 is not applied for aperiodic CSI-RS triggering with different numerology.
· If the UE is not configured with [minimumSchedulingOffset] for any DL or UL BWP and if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states, the CSI-RS triggering offset is fixed to zero.
	TS 38.214  

5.2.1.5.1a
Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies
< Unchanged parts are omitted >
Aperiodic CSI-RS timing:
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher layer parameter aperiodicTriggeringOffset, including the case that the UE is not configured with [minimumSchedulingOffset] for any DL or UL BWP and all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states. The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 16, 24} slots. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.

-
When the aperiodic CSI-RS is used with aperiodic CSI reporting, the CSI-RS triggering offset X is configured per resource set by the higher layer parameter aperiodicTriggeringOffset. The CSI-RS triggering offset has the values of {0, 1,…31} slots when the µPDCCH < µCSIRS and {0, 1, 2, 3, 4, 16, 24} when the µPDCCH > µCSIRS.. The aperiodic CSI-RS is transmitted in a slot 
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< Unchanged parts are omitted >


3. Conclusion

In this contribution, we discussed remaining issues on aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH with the following proposals:
Proposal 1: 

· Clarify that the threshold beamSwitchTiming is determined based on the SCS of the triggered aperiodic CSI-RS and converted to PDCCH symbols for QCL determination of aperiodic CSI-RS.
Proposal 2: 

· Clarify the following behavior in 5.2.1.5.1of TS 38.214 is not applied for aperiodic CSI-RS triggering with different numerology.
· If the UE is not configured with [minimumSchedulingOffset] for any DL or UL BWP and if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states, the CSI-RS triggering offset is fixed to zero.
	TS 38.214  
5.2.1.5.1a
Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies
< Unchanged parts are omitted >
Beam switch timing:

-
If the µPDCCH < µCSIRS
-
If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition is smaller than the UE reported threshold beamSwitchTiming + d in PDCCH symbols, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}and where the beam switching timing delay d is defined in Table 5.2.1.5.1a-1,

-
if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming + d in PDCCH symbols when the reported value is one of the values {14,28,48}, periodic CSI-RS, semi-persistent CSI-RS;

-
else,

-
if at least one CORESET is configured for the BWP in which the aperiodic CSI-RS is to be received, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.

-
else, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption of the lowest-ID activated TCI state applicable to the PDSCH within the active BWP of the cell in which the CSI-RS is to be received. 

-
If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is equal to or greater than the UE reported threshold beamSwitchTiming + d in PDCCH symbols, when the reported value is one of the values of {14,28,48}, the UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI.
Table 5.2.1.5.1a-1: Additional beam switching timing delay d
µPDCCH
d [PDCCH symbols]

0

8

1

8

2

14

-
The threshold beamSwitchTiming is determined based on the subcarrier spacing of the triggered aperiodic CSI-RS and converted to PDCCH symbols for QCL determination of aperiodic CSI-RS.
Aperiodic CSI-RS timing:
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher layer parameter aperiodicTriggeringOffset, including the case that the UE is not configured with [minimumSchedulingOffset] for any DL or UL BWP and all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states. The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 16, 24} slots. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.

-
When the aperiodic CSI-RS is used with aperiodic CSI reporting, the CSI-RS triggering offset X is configured per resource set by the higher layer parameter aperiodicTriggeringOffset. The CSI-RS triggering offset has the values of {0, 1,…31} slots when the µPDCCH < µCSIRS and {0, 1, 2, 3, 4, 16, 24} when the µPDCCH > µCSIRS.. The aperiodic CSI-RS is transmitted in a slot 
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