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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 this document we provide our view on the details for this objective.
2. Discussion
In RAN #85 meeting, the aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH is introduced. There are some open issues that need to be discussed and determined.
Cross-carrier PDSCH scheduling with mix numerologies is supported in Rel-16, which includes the cases of lower SCS PDCCH scheduling higher SCS PDSCH, and higher SCS PDCCH scheduling lower SCS PDSCH. For the case of lower SCS PDCCH scheduling higher SCS PDSCH, the earliest possible starting point for the PDSCH is defined by the end of the PDCCH + delta. Here 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. Delta value depends on the PDCCH SCS, e.g. 4 symbols for 15kHz and 30kHz, 8 symbols for 60kHz, etc. For the case of higher SCS PDCCH scheduling lower SCS PDSCH, the similar mechanism of scheduling timing as that of lower SCS PDCCH scheduling higher SCS PDSCH is adopted, with the exception of no quantization to the next PDSCH slot. 
For aperiodic CSI-RS triggering with different numerologies, the scheduling timing needs to be determined to trigger the aperiodic CSI-RS in a slot that occurs later than the reference slot. Considering the commonality, the timing definition for cross-carrier PDSCH scheduling can be reused as much as possible to strive for a uniform design framework, which is important for UE implementation to utilize a common data buffer for both PDSCH and aperiodic CSI-RS. For the case of lower SCS PDCCH triggering higher SCS aperiodic CSI-RS, the earliest possible starting point for the aperiodic CSI-RS is defined by the end of the PDCCH + delta. 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 aperiodic CSI-RS, quantized to the next aperiodic CSI-RS slot boundary. The same delta value as that of cross-carrier PDSCH scheduling can be simply reused. 
There are many important use cases for aperiodic CSI-RS triggering from a lower SCS PDCCH. One typical scenario is that PDCCH configured on an FR1 carrier is used to trigger aperiodic CSI-RS on FR2 carriers for beam management or CSI acquisition, where PDCCH transmitting on FR1 carrier can provide effective DL coverage. From the perspective of specification completeness the case of higher SCS PDCCH triggering lower SCS aperiodic CSI-RS can be considered. However, the motivation and usecase should be clarified. 
Proposal 1: 

· Reuse the scenario and definition of scheduling timing for cross-carrier PDSCH scheduling.
· For the case of higher SCS PDCCH triggering lower SCS aperiodic CSI-RS, the motivation and usecase need to be clarified.
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 different numerology, the threshold for DCI decoding and beam switching can be determined based on the scheduled cell SCS following cross-carrier PDSCH scheduling behavior. When CSI-RS SCS > PDCCH SCS, 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 reference symbol can be defined accurately and carefully without the additional number of symbols.

Proposal 2: 

· Clarify the motivation for introducing the additional number of symbols added to the UE reported beamSwitchTiming.
For the minimum time between last symbol of triggering PDCCH and first symbol of aperiodic CSI-RS when CSI-RS SCS > PDCCH SCS, 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, because for cross-carrier PDSCH scheduling and aperiodic CSI-RS triggering, both cases have the similar procedure and delay requirement for data buffering.
Proposal 3: 

· Reuse the delta for cross-carrier scheduling PDSCH as the minimum time between last symbol of triggering PDCCH and first symbol of aperiodic CSI-RS.
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. So the new values for CSI-RS triggering offset can be introduced similarly to SRS slot offset.

Proposal 4: 

· Considering new values added to the CSI-RS triggering offset in case of mixed numerology CSI-RS triggering.

In TS 38.214 of Rel-15[2], 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 not 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 not 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 numerology between CSI-RS and triggering PDCCH.
Proposal 1: 

· Reuse the scenario and definition of scheduling timing for cross-carrier PDSCH scheduling.
· For the case of higher SCS PDCCH triggering lower SCS aperiodic CSI-RS, the motivation and usecase need to be clarified.
Proposal 2: 

· Clarify the motivation for introducing the additional number of symbols added to the UE reported beamSwitchTiming.
Proposal 3: 

· Reuse the delta for cross-carrier scheduling PDSCH as the minimum time between last symbol of triggering PDCCH and first symbol of aperiodic CSI-RS.
Proposal 4: 

· Considering new values added to the CSI-RS triggering offset in case of mixed numerology CSI-RS triggering.

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 not 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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