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Introduction
RAN#85 has updated the WID for MR DC by adding the target to complete cross-carrier CSI-RS triggering with mixed numerology in Rel-16 [1].
Typically, the use case of this feature is to allow PDCCH in lower bands to trigger CSI-RS in higher bands, where the two CCs have different SCS. That is, the network can acquire the CSI or enable channel tracking based on aperiodic CSI-RS for the higher bands, and the PDCCH can avoid suffering high path loss. The addition of this feature was a Rel-15 working agreement [2] in RAN#83 but reverted in RAN#84 by voting. Based on previous discussion, the technical components to complete this feature includes the following items.
· How to determine the triggering offset;
· How to determine the beam switching threshold based on the reported BeamSwitchTiming, and the related UE behaviour to determine the default beam when triggering offset is smaller than the threshold.
In this contribution, we give our views on these technical components. 
Details to support cross-carrier CSI-RS triggering with mixed numerology
Generally, a PDCCH in carrier A is used to trigger the aperiodic CSI-RS in carrier B, where the PDCCH carrier has SCS , and CSI-RS carrier has SCS . The first issue is whether both  and  are supported. Although the currently typical use case is to use FR1 PDCCH to trigger FR2 CSI-RS, we don’t see the need for specification to restrict either of the two cases due to potential future use cases or deployment flexibility. Further, for cross-carrier data scheduling in Rel-16, it is not restricted. Hence, we suggest to support both  and .
Proposal 1: For cross carrier CSI-RS triggering with mixed numerology, both  and  are supported.
2.1 Triggering offset determination
In NR Rel-15, a triggering offset X is configured for each aperiodic CSI-RS resource set, which indicates the slot offset between the PDCCH slot and the CSI-RS slot. For cross-carrier CSI-RS triggering with mixed numerology, to determine the slot position of CSI-RS in carrier B based on the PDCCH slot number in carrier A and the configured X value, the following issues need to be solved.
· How to map the PDCCH slot number to the CSI-RS slot number
· How to guarantee the DCI decoding time
Map the PDCCH slot number to the CSI-RS slot number
The typical method of slot numbering conversion in the current specification is , which is widely used for UL/DL slot numbering conversion, cross-BWP slot numbering conversion, and so on. This method indicates that the slot n1 in carrier A is always mapped to the first slot in carrier B which is overlapped with n1 in time domain, especially when . Then given the PDCCH slot n1 in carrier A and the configure X value, the CSI-RS slot in carrier B should be .
In previous discussion, there are some proposals to make sure slot n1 is mapped to the very last overlapping slot in carrier B, in order to guarantee the decoding time for the triggering DCI when . However, as the triggering DCI can be located in any OFDM symbol of slot n1, this mapping rule cannot solely guarantee the decoding time for triggering DCI either. How to guarantee the DCI decoding time can be a separate discussion.
Proposal 2: Given the PDCCH slot n1 in carrier A and the configured X value for triggering offset, the CSI-RS slot in carrier B is .
Guarantee DCI decoding time
From OFDM symbol level, the time gap between the PDCCH containing the triggering DCI and the aperiodic CSI-RS depends on the slot offset X and the CSI-RS pattern in symbol level. Hence in order to guarantee the DCI decoding time, gNB can configure the CSI-RS resource set with the X value and resource pattern satisfying some particular restriction for the cross-carrier use cases. 
In particular, the specification can restrict that the gap between the last symbol of PDCCH and the first symbol of CSI-RS needs to be at least m2 symbols. Then the question is how to define the values of m2 in terms of different SCS. For cross-carrier data scheduling, a  value is defined w.r.t. the PDCCH SCS to restrict the beginning of the PDSCH time location based on the following agreements.
	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


We can follow the same approach to restrict the triggering of CSI-RS. That is, for a cross carrier CSI-RS triggering with , the number of symbols between the first symbol of CSI-RS and the last symbol of PDCCH should be at least m2, which is defined per PDCCH SCS, m2=4, 4 and 8 for 15kHZ, 30kHz and 60kHz, respectively.
Proposal 3: For a cross carrier CSI-RS triggering with , the number of symbols between the first symbol of CSI-RS and the last symbol of PDCCH should be at least m2, which is defined per PDCCH SCS
· m2=4, 4 and 8 for 15kHz, 30kHz and 60kHz, respectively.
Due to the above restriction, the X values which is allowed to be configured for the cross-carrier case would be very limited. For example, in the case of , m2 symbols in PDCCH SCS can be as larger as 16 symbols in CSI-RS SCS, which can span 3 slots in maximum. However, the current candidate value set for X is {0, 1, 2, 3, 4, 16, 24}. The allowed values for X>4 is very limited. Further, taking into account the BeamSwitchTiming discussed in next sub-section, the allowed X value is very limited when gNB wants the UE to apply the QCL Type D in TCI indication, which is as large as 16 and 24. This would significantly reduce gNB implementation flexibility or increase CSI latency. Hence we propose to add more values for CSI-RS triggering offset for X>4. Further, we think normal CSI-RS triggering, i.e., CSI-RS triggering within a CC or cross-CC with same SCS, can also benefit from having more X values. We don’t need to restrict the usage to cross-carrier triggering with mixed numerology. 
Proposal 4: Support adding more values (e.g. X can be from 0 to 24) in the candidate set for X>4 for all the aperiodic CSI-RS triggering cases, i.e., not restricted to cross-carrier triggering with mixed numerology.
In addition, slot offset is RRC configured per CSI-RS resource set but it can be dynamically changed to satisfy the timing requirement depending on the location of PDCCH.  So it would be preferable to support the default behaviour if slot offset is not configured to cope with such dynamic situation.  Therefore, we have the following proposal:
Proposal 5: If the slot offset is not configured for the triggered aperiodic CSI-RS set, transmission of the triggered aperiodic CSI-RS is expected to be in the first valid slot which satisfies the timing requirement.

2.2 BeamSwitchTiming and the related default QCL determination 
BeamSwitchTiming is the time gap threshold that UE reported for CSI-RS beam switching. In Rel-15, if the time gap between PDCCH and CSI-RS in terms of OFDM symbols is larger that this threshold, UE applies QCL Type D from TCI states indicated in the CSI-RS trigger state associated with the DCI codepoint. Otherwise, UE would apply the QCL Type D according to the default beam, which is the QCL Type D of the lowest CORESET ID.
For cross-carrier CSI-RS triggering with mixed numerology, the issues related to BeamSwitchTiming include
· Whether and how to have extra relaxation for beam switching 
· The UE behaviour to determine the default QCL assumption 
Extra relaxation for beam switching
It was proposed by UE vendors that extra relaxation is needed for UE to switch the CSI-RS beam if numerology is different between PDCCH and CSI-RS when . If we have to introduce this extra relaxation, a simple fixed value is preferred so that network operation is not unnecessary complicated. By definition, this value should be larger than the m2 value given above. In the previous working agreement [2], a value d=14 is introduced. We think it can be a starting point. We are also fine to have smaller values.
Proposal 6: If extra value has to be added for the beam switch time when , d=14 OFDM symbols defined w.r.t. PDCCH SCS can be a start point.
Determine the default QCL assumption
In Rel-15, UE applies the default QCL assumption from the lowest CORESET ID when the time gap between CSI-RS and PDCCH is smaller than threshold BeamSwitchTiming. However, in the case of cross-carrier triggering, the following issues appears.
· Issue #1: In the carrier of CSI-RS, there may not be QCL configuration for CORESET, as UE may not actually monitor PDCCH in this carrier. Further, the triggering PDCCH usually has no QCL Type D configuration when it’s in FR1.
· Issue #2: In typical case that CSI-RS is in FR2, the bandwidth of the CSI-RS carrier would be relatively large. Hence the performance gap of some inaccurate large-scale parameters would be large, e.g., delay spread in QCL Type A. 
To solve Issue #2, we can treat different QCL parameters differently. In fact, the BeamSwitchTiming is for QCL Type D, in order to change the UE RF beams. For other QCL Types, i.e., QCL Type A/B/C, there is no need to apply this threshold as these are baseband parameters. Hence, one simple approach is that when CSI-RS time offset is smaller than BeamSwitchTiming, UE apply QCL Type A/B/C parameters from TCI indication, and QCL Type D from the default beam.
To solve Issue #1, we still need to define extra rule to determine the default QCL Type D when there is no CORESET QCL Type D configuration for the CSI-RS CC. As cross-CC QCL Type D derivation is supported in the current spec, we can set the rule as that UE derives QCL Type D from the lowest CORESET ID of the lowest CC with PDCCH QCL Type D configuration in the CSI-RS band. Then there would be no issue for UE to derive the default beam.
Proposal 7: When CSI-RS time offset is smaller than BeamSwitchTiming, UE apply QCL Type A/B/C parameters derived from TCI indication in the trigger state associated with the DCI codepoint, and QCL-Type D derived from the default beam, where the QCL-Type D of the default beam is defined as
· QCL Type D from the lowest CORESET ID of the CSI-RS CC, if there is PDCCH QCL Type D configuration for the CSI-RS CC;
· QCL Type D from the lowest CORESET ID of the lowest CC with PDCCH QCL Type D configuration in the CSI-RS band, otherwise.
Conclusion
In this contribution, we discuss the issues and solutions of the technical components for cross-carrier CSI-RS triggering with mixed numerology. Based on the discussion, we have the following proposals. 
Proposal 1: For cross carrier CSI-RS triggering with mixed numerology, both  and  are supported.
Proposal 2: Given the PDCCH slot n1 in carrier A and the configured X value for triggering offset, the CSI-RS slot in carrier B is .
Proposal 3: For a cross carrier CSI-RS triggering with , the number of symbols between the first symbol of CSI-RS and the last symbol of PDCCH should be at least m2, which is defined per PDCCH SCS
· m2=4, 4 and 8 for 15kHz, 30kHz and 60kHz, respectively.
Proposal 4: Support adding more values (e.g. X can be from 0 to 24) in the candidate set for X>4 for all the aperiodic CSI-RS triggering cases, i.e., not restricted to cross-carrier triggering with mixed numerology.
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