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1. Introductions
The objective to support aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH was agreed in the RAN#85 meeting for MR DC and CA enhancement [1]. In RAN1 #98bis meeting, the related issues were discussed with the following agreements [2].
Agreements:

· Support cross-carrier A-CSI-RS triggering when µPDCCH < µCSI-RS 
· Support cross-carrier A-CSI RS triggering when µPDCCH > µCSI-RS 

· For the above two cases, separate UE capabilities are introduced, and the capabilities are NOT linked with the capabilities related to the cross-carrier scheduling with different numerologies

Agreements:

To support aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH:

Definition of the slot index where A-CSI RS is transmitted

· (n1(2(CSI-RS/2(PDCCH (+X, where the n1 is the PDCCH carrier slot with the DCI
· Note: The case when the frame boundaries of the two carriers are not aligned may require additional compensation when determining the actual slot number
New slot offset values

· Extend the X(≥0) values for cross-carrier A-CSI RS triggering when the PDCCH and A-CSI RS have different SCS

· FFS X

Minimum A-CSI RS triggering offset for cross-carrier triggering of A-CSI RS when the PDCCH SCS and the A-CSI RS SCS are not the same

· Minimum delay from the end of the triggering PDCCH and the start of the CSI-RS in the CSI-RS carrier’s slots is defined as m
· m = 4, 4, 8, [12] symbols for PDCCH SCS = 15, 30, 60, 120 kHz, respectively as defined for cross-carrier scheduling of PDSCH with different PDCCH and PDSCH SCS.
· [Working assumption] When µPDCCH < µCSI-RS the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot
· FFS impact, if any, due to beam switching timing
In this document we present our views on remaining issues on aperiodic CSI-RS triggering.
2. Discussion
In RAN1 #98bis meeting, the aperiodic CSI-RS triggering with different numerologies between CSI-RS and triggering PDCCH is discussed. There are some open issues that need to be discussed and addressed.

In the agreements of RAN1 #98bis meeting, the slot index is defined for cross-carrier aperiodic CSI-RS triggering, where aperiodic CSI-RS is transmitted. In the definition of the slot index, X is the value of trigger offset for cross-carrier aperiodic CSI-RS triggering. 

In Rel-15, the CSI-RS triggering offset aperiodicTriggeringOffset has the value range {0, 1, 2, 3, 4, 16, 24} slots, where the offset X is the span between the slot containing the DCI that triggers a set of aperiodic NZP CSI-RS resources and the slot in which the CSI-RS resource set is transmitted. These values limit the scheduling flexibility in some of the SCS combination where some slots of CSI-RS occur too late or too early from the slots the PDCCH intend to indicate. In order to ensure the indicated aperiodic CSI-RS slot occurs sufficiently forward in time relative the PDCCH, the new values for CSI-RS triggering offset can be introduced similarly to SRS slot offset, e.g. 0,1…31.
Proposal 1: 

· Extend the X values of the CSI-RS triggering offset in case of mixed numerology CSI-RS triggering.
· Value range of X is 0, 1… 31.
For the minimum time delay between last symbol of triggering PDCCH and first symbol of aperiodic CSI-RS, the delta in the scheme of cross-carrier PDSCH scheduling can be reused as a uniform framework regardless of PDCCH SCS < CSI-RS SCS or PDCCH SCS > CSI-RS SCS. This is because for cross-carrier PDSCH scheduling and aperiodic CSI-RS triggering, both cases have the similar procedure and delay requirement for data buffering. Based on the agreements of RAN1 #98bis meeting, the value [12] symbols for PDCCH SCS = 120kHz can be confirmed. 
Proposal 2: 

· Confirm the value, i.e. 12 symbols for PDCCH SCS = 120kHz, as the one of minimum time delay between last symbol of triggering PDCCH and first symbol of aperiodic CSI-RS.
For the case of lower SCS PDCCH scheduling higher SCS PDSCH, the delta determines a number of symbols based on PDCCH SCS counting from the end of the last symbol of the received PDCCH to the beginning of the first symbol of the corresponding received PDSCH, quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary. From the view of UE implementation, the quantisation scheme for PDSCH can be reused for cross-carrier aperiodic CSI-RS triggering to treat PDSCH and aperiodic CSI-RS in same way. Therefore, the working assumption can be confirmed, the minimum delay is quantized to the beginning of the next aperiodic CSI-RS carrier slot.
Proposal 3: 

· Confirm working assumption: When µPDCCH < µCSI-RS the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot.
Based on UE capability, aperiodic CSI-RS beam switching timing refers to the minimum time between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission, where the candidate values of threshold FG 2-28 are {14, 28, 48, 224, 336} symbols. For aperiodic CSI-RS triggered by PDCCH with a different numerology, the threshold for DCI decoding and beam switching can be determined based on the scheduled cell’s SCS following the agreements of RAN1 #98bis meeting. The motivation should be clarified for the solution where additional number of symbols is added to the UE reported beamSwitchTiming. If the motivation is to further relax the UE processing time requirement, such as PDCCH decoding, beam switching, carrier switching, data buffering, etc., this can be discussed for UE capability. If the alignment of reference symbols between PDCCH carrier and aperiodic CSI-RS carrier is considered, the triggering offset can be configured accurately and carefully without the additional number of symbols.

Proposal 4: 

· Clarify the motivation for introducing the additional number of symbols added to the UE reported beamSwitchTiming.
In TS 38.214 of Rel-15, 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, when the reported value is one of the values of {14, 28, 48}, and if there is not any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, 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.
For aperiodic CSI-RS triggering with different numerologies, if the offset is smaller than the threshold and there is no any DL signal with an indicated TCI state in the same symbols as the CSI-RS, when CORESET is not configured on the serving cell where the aperiodic CSI-RS resource is configured, it is not clear what QCL assumption is used for CSI-RS reception. Therefore, the default QCL assumption should be specified to resolve this issue, i.e. for cross-carrier triggering of aperiodic CSI-RS on a SCell without any monitored CORESET, the UE applies the QCL assumption from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the serving cell where the aperiodic CSI-RS resource is configured.
Proposal 5: 

· For cross-carrier triggering of aperiodic CSI-RS on a SCell without any monitored CORESET, if the offset between the last symbol of the PDCCH and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported threshold beamSwitchTiming, and if there is no any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the serving cell where the aperiodic CSI-RS resource is configured.
3. Conclusion

In this document, we have the following proposals for aperiodic CSI-RS triggering with different numerologies between CSI-RS and triggering PDCCH.
Proposal 1: 

· Extend the X values of the CSI-RS triggering offset in case of mixed numerology CSI-RS triggering.
· Value range of X is 0, 1… 31.
Proposal 2: 

· Confirm the value, i.e. 12 symbols for PDCCH SCS = 120kHz, as the one of minimum time delay between last symbol of triggering PDCCH and first symbol of aperiodic CSI-RS.
Proposal 3: 

· Confirm working assumption: When µPDCCH < µCSI-RS the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot.
Proposal 4: 

· Clarify the motivation for introducing the additional number of symbols added to the UE reported beamSwitchTiming.
Proposal 5: 

· For cross-carrier triggering of aperiodic CSI-RS on a SCell without any monitored CORESET, if the offset between the last symbol of the PDCCH and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported threshold beamSwitchTiming, and if there is no any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the serving cell where the aperiodic CSI-RS resource is configured.
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