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1. Introduction
At the RAN #85 meeting it was agreed to revise the scope of Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements work item [1]. The following objective was added to the WID:
· Introduce support for aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH [RAN1]
At the last RAN1 meeting [2] the following agreements were made on aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH.
	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
· n12CSI-RS/2PDCCH +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 contribution remaining issues on aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH are discussed including values for cross-carrier A-CSI RS triggering slot offset (X), quantisation of minimum delay to slot boundary and beam switching timing. 
2. Discussion	
At the last RAN1 meeting [2] it was agreed to extend the value range for A-CSI-RS slot offset X for the case when the PDCCH and A-CSI RS have different SCS. The exact value range for X is not defined in the agreement and should be discussed by RAN1. Due to relaxed timing requirements for cross-numerology A-CSI-RS triggering the minimum time gap between the reference slot and A-CSI-RS can exceed several slots in the numerology of CSI-RS. Rel. 15 slot offset range X  {0, 1, 2, 3, 4, 16, 24} doesn’t provide sufficient flexibility for such case. To solve this issue we propose to support value range for X with the granularity of 1 slot X  {0, 1, 2, …, Xmax}, where the maximum value for slot offset Xmax is equal to 24 slots as for Rel. 15 slot offset value range. 
Proposal 1:
· The following value range for slot offset X is supporter for cross-carrier A-CSI RS triggering when the PDCCH and A-CSI RS have different SCS
· X  {0, 1, 2, …, Xmax}, where Xmax = 24 slots
One working assumption was made at the last RAN1 meeting which states that the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot when µPDCCH < µCSI-RS. Since similar principle is used for PDSCH according to the below agreement from RAN1#96b meeting [3], we propose to confirm the working assumption.
	Agreements:
· For case 1-1 scheduling (PDCCH in the beginning of the slot), when a lower SCS PDCCH schedules a higher SCS PDSCH:
· The  is determined a number of symbols 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, quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary



Proposal 2: 
· Confirm the following working assumption from RAN1#98b
· When µPDCCH < µCSI-RS the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot
One more point for cross-numerology A-CSI-RS triggering which needs further discussion in RAN1 is the impact on beam switching. The minimum time gap between triggering DCI and the corresponding CSI-RS required for beam switching is defined by the UE capability beamSwitchTiming. The value of beamSwitchTiming reported by the UE includes at least two components: DCI decoding time and time to apply QCL Type D assumption at the UE. The time to apply QCL Type D assumption at the UE should not be affected by the numerology of PDCCH with triggering DCI. DCI decoding time may be affected by the numerology of the PDCCH (depending on implementation) and additional time may be required to cover that. Since the additional time gap between PDCCH and CSI-RS (m) agreed at the previous RAN1 meeting is needed in order to avoid reception of CSI-RS before DCI is decoded by the UE, the additional time for beam switching should not exceed value of m. 
Proposal 3:
· When the PDCCH SCS is smaller than the CSI-RS SCS, an additional m1 symbols are added to the UE’s reported capability beamSwitchTiming, where m1 ≤ 4, 4, 8, [12] symbols for PDCCH SCS = 15, 30, 60, 120 kHz, respectively
CSI report for CSI acquisition requires interference measurements which can be done by using CSI-IM. For CSI reporting with A-CSI-RS, CSI-IM is triggered with the same DCI as CSI-RS and CSI report and the slot offset of CSI-IM is always the same as the slot offset of CSI-RS. Considering the above, in order to support CSI feedback with interference measurements based on CSI-IM for the case when the triggering PDCCH and the corresponding A-CSI RS have different SCS the same principle which was agreed on the last meeting for CSI-RS should be also applied for the CSI-IM. Thus, it should be clarified that the same definition of the slot index where A-CSI RS is transmitted is used for CSI-IM. In order to avoid additional buffering only for CSI-IM, the same minimum delay requirement should be specified for CSI-IM as for CSI-RS.
Proposal 4:
· For cross-carrier triggering of A-CSI RS when the PDCCH SCS and the A-CSI RS SCS are not the same,
· The same definition of the slot index where CSI-RS is transmitted is assumed for CSI-IM transmission;
· The same minimum triggering offset as for CSI RS is defined for CSI-IM.
3. Conclusions
In this contribution support of aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH is discussed. The following proposals were made. 
Proposal 1:
· The following value range for slot offset X is supporter for cross-carrier A-CSI RS triggering when the PDCCH and A-CSI RS have different SCS
· X  {0, 1, 2, …, Xmax}, where Xmax = 24 slots
Proposal 2: 
· Confirm the following working assumption from RAN1#98b
· When µPDCCH < µCSI-RS the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot
Proposal 3:
· When the PDCCH SCS is smaller than the CSI-RS SCS, an additional m1 symbols are added to the UE’s reported capability beamSwitchTiming, where m1 ≤ 4, 4, 8, [12] symbols for PDCCH SCS = 15, 30, 60, 120 kHz, respectively
Proposal 4:
· For cross-carrier triggering of A-CSI RS when the PDCCH SCS and the A-CSI RS SCS are not the same,
· The same definition of the slot index where CSI-RS is transmitted is assumed for CSI-IM transmission;
· The same minimum triggering offset as for CSI RS is defined for CSI-IM.
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