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Background
Support for aperiodic CSI-RS cross-carrier triggering with different numerologies was discussed in Rel. 15, but the feature was not adopted [1]. In RAN #85, the feature was added to Rel. 16 MR-DC agenda [2]. Some agreements were made in RAN1 #98bis. In this paper we discuss the remaining issues for cross-carrier aperiodic triggering with different numerologies.
Discussion
Minimum Triggering Offset
The minimum trigger offset is the minimum delay between the end of the triggering PDCCH and the aperiodic CSI-RS resource. In MR-DC session, a similar problem has been studied for cross-carrier scheduling with different numerologies between the PDCCH and the PDSCH. A minimum PDCCH-to-PDSCH delay was specified by the following agreements in RAN1 #97. 
	Previous agreements for cross-carrier scheduling of PDSCH
Agreements:
· Delta-values for lower SCS PDCCH to higher SCS PDSCH case 1-1 scheduling 
· 15 kHz: 4 symbols
· 30 kHz: 4 symbols
· 60 kHz: 8 symbols
· Case 1-2: use the same delta as the case 1-1 scheduling
· With the quantization step
· Case 2:
· Use the same delta values as the case 1-1 scheduling INCLUDING the quantization step
 Agreements:
· For the case of higher SCS PDCCH scheduling lower SCS PDSCH, for the scheduling timing, use the same definition as with lower SCS PDCCH scheduling higher SCS PDSCH scheduling, without quantization to the next PDSCH slot
 Agreements:
· For high-SCS to low-SCS scheduling, the delta for 120 kHz SCS PDCCH: [12] symbols

RAN1 #98bis agreements on cross-carrier aperiodic CSI-RS triggering
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




Cross-carrier PDSCH scheduling and cross-carrier aperiodic CSI-RS triggering are similar in the sense that PDCCH processing time needs to be relaxed for different SCSs between the scheduling cell and the scheduled cell to avoid the extra sample buffering. The minimum PDCCH-to-PDSCH delay for cross-carrier scheduling with different numerologies has been reused for the minimum cross-carrier aperiodic CSI-RS triggering offset. To unify the two designs, we propose to confirm the working assumption in the RAN1 #98bis agreement to quantize the minimum PDCCH to CSI-RS delay to the next slot boundary of the next aperiodic CSI-RS slot.
[bookmark: p1]Proposal 1: Confirm the working assumption in the RAN1 #98bis agreement for the minimum triggering offset between the lower SCS PDCCH and the higher SCS aperiodic CSI-RS
· “When µPDCCH < µCSI-RS the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot”
Beam Switch Timing Threshold
For cross-carrier aperiodic CSI-RS triggering with different numerologies, the aperiodic CSI-RS beam switch timing threshold needs to be specified. If delay between the end of PDCCH and the start of the aperiodic CSI-RS is greater than or equal to the beam switch timing threshold, the UE follows the indicated QCL-TypeD indicated by the DCI to receive the CSI-RS. 
Early proposals such as [1] and [2] have defined the aperiodic CSI-RS beam switch timing switching as summation of the threshold for self-scheduling and an adjustment term which accounts for the extra PDCCH processing time for numerology difference. The beam switch timing threshold covers the PDCCH processing time and RF switching time. Difference between [1] and [2] is at the adjustment term. 
Cross-carrier PDSCH scheduling and cross-carrier aperiodic CSI-RS triggering have similar minimum PDCCH processing time requirement. RAN1 has made the decision to reuse the minimum PDCCH to PDSCH scheduling delay as the minimum PDCCH to aperiodic triggering offset. Following this strategy, we can unify the solution for the cross-carrier aperiodic CSI-RS beam switch timing threshold and the cross-carrier PDSCH beam switch timing threshold [3]. 
[bookmark: p2]Proposal 2: For cross-carrier scheduling and cross-carrier aperiodic CSI-RS triggering, apply the same timeline relaxation for their beam switch timing thresholds when PDCCH has a different subcarrier spacing from that of the scheduled PDSCH or the aperiodic CSI-RS, respectively.
For the minimum triggering offset, even if the UE cannot finish PDCCH decoding before the aperiodic CSI-RS resource symbols arrive, it can still use extra sample buffering to receive the aperiodic CSI-RS. However, for beam switch, if the UE cannot finish PDCCH decoding before beam switch occurs, it cannot determine the receiver spatial filter and hence cannot capture samples. Therefore, the beam switch timing threshold should be more relaxed than the minimum triggering offset. In RAN1 #98bis, it was agreed that the minimum triggering offset is relaxed by 4, 4, 8, 12 PDCCH symbols for PDCCH SCS = 15, 30, 60, 120 kHz. To have a beam switching time threshold larger than the minimum triggering offset, we can follow the proposal in [1] which relaxes the beam switch timing threshold by 14 symbols. 
[bookmark: p3]Proposal 3: For cross-carrier aperiodic CSI-RS triggering with different numerologies between the triggering PDCCH and the aperiodic CSI-RS, beam switch timing threshold is 

where  is the beam switch timing threshold defined for same cell aperiodic CSI-RS triggering (i.e., beamSwitchTiming) and  is 14 that corresponds to a slot in the triggering cell.   and  are the subcarrier spacing configurations for the aperiodic CSI-RS and the PDCCH, respectively.
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The following proposals have been made on remaining issues for cross-carrier scheduling with different numerologies:
Proposal 1: Confirm the working assumption in the RAN1 #98bis agreement for the minimum triggering offset between the lower SCS PDCCH and the higher SCS aperiodic CSI-RS
· “When µPDCCH < µCSI-RS the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot”
[bookmark: _GoBack]Proposal 2: For cross-carrier scheduling and cross-carrier aperiodic CSI-RS triggering, apply the same timeline relaxation for their beam switch timing thresholds when PDCCH has a different subcarrier spacing from that of the scheduled PDSCH or the aperiodic CSI-RS, respectively.
Proposal 3: For cross-carrier aperiodic CSI-RS triggering with different numerologies between the triggering PDCCH and the aperiodic CSI-RS, beam switch timing threshold is 

where  is the beam switch timing threshold defined for same cell aperiodic CSI-RS triggering (i.e., beamSwitchTiming) and  is 14 that corresponds to a slot in the triggering cell.   and  are the subcarrier spacing configurations for the aperiodic CSI-RS and the PDCCH, respectively.
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