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[bookmark: _Ref129681832]In RAN#85, the following objective was added to the MR-DC/CA WID [1]:
9.	Introduce support for aperiodic CSI-RS triggering with different numerologies between CSI-RS and triggering PDCCH
In this contribution, we discuss on the aperiodic CSI-RS triggering with different numerologies between CSI-RS and triggering PDCCH.

Discussion on aperiodic CSI-RS triggering with different numerologies
Use case
The A-CSI-RS triggering by a PDCCH with different SCS is motivated by less signalling overhead compared to (S)P-CSI-RS, and use of reciprocity based CSI for one band on another band, e.g. FR2, hence the direct use case seems to be using PDCCH with a lower SCS to schedule/trigger higher-SCS CSI-RS. However, considering the traffic load is usually heavier in FR1 and UL coverage is better in FR1, A-CSI-RS with a lower SCS in FR1 may also have some useful scenarios, especially when the PDCCH capacity in lower band is limited. Similar discussion happened in the previous discussion in Rel-16 MR-DC/CA for cross-carrier scheduling with different SCSs, wherein the output supports both lower-SCS scheduling higher-SCS and higher-SCS scheduling lower-SCS. If the specification work is not too heavy for support of both scenarios, a unified solution can be introduced.
Timing determination 
The main work is to ensure that A-CSI-RS is triggered after PDCCH with sufficient decoding time. When different SCSs are configured for each other, translation of correct timing is needed, similar to the framework of BWP switching with different SCSs in Rel-15 or cross-carrier scheduling with different SCSs in Rel-16 MR-DC/CA.
For BWP switching with different SCSs, numerology is translated for identifying the timing of scheduled data based on the SCS of BWP of scheduled channel, i.e. PDSCH/PUSCH. Through this approach, a reference slot can be determined by  with slot number based on the SCS of scheduled BWP, where  is the slot number of scheduling DCI and  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively. Then a gap, let’s say X, can be signaled.
The need of further consideration for reusing this approach is the additional processing time introduced by cross-carrier/band. Such need has been discussed/specified in cross-carrier scheduling with different SCSs operation, by introducing an additional positive Delta value after PDCCH reception slot before counting the signaled gap X. For the same reason/target use cases, counting slot number from the end of PDCCH reception is more proper than the approach of BWP switching. But note that a positive Delta quantized from the ending of PDCCH slot may not be needed in this case, since cross-carrier scheduling operation takes into account the worst case during design, and now the UE does not need to buffer PDSCH, some latency can be saved.
Based on the above, we propose:
Proposal 1: 
The aperiodic CSI-RS triggering offset is given by , where
· n is the slot with the triggering DCI in the numerology of the PDCCH containing the triggering DCI, 
·  is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset
·   and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively.

An illustration for  >  is shown in Figure 1, in which the PDCCH is in slot 0, and the reference slot in the CSI-RS numerology is the slot . An illustration for  <  is shown in Figure 2, in which the PDCCH is in slot 0, and the reference slot in the CSI-RS numerology is the slot .
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Figure 1. An example of X=2 for  > .
[image: ]
Figure 2. An example of X=2 for  < .
It can be easily understood from the proposal and the figures that CSI-RS is always counted by X slots starting from the ending slot that overlapps with PDCCH slot, which leaves a UE with sufficient PDCCH decoding time while ensuring a CSI-RS later than PDCCH with minimized delay, as long as X is a non-negative value.
On the other hand for the BWP switching based approach, if the aperiodic CSI-RS triggering offset is given by such as , for some values of , e.g., or 1, the slot of CSI-RS by such formula may overlap with the PDCCH, especially for the cases that the subcarrier spacing for CSI-RS is significant larger than that of PDCCH, which is not preferred. 
For the same numerology case, the equation in Proposal 1 falls back to the Rel-15 approach.
Other potential specification impact
There have been other questions raised, such as what is the additional number of symbols  added to the UE reported beamSwitchTiming when  > , what is the minimum time  between last symbol of triggering PDCCH and first symbol of aperiodic CSI-RS when  > , and whether new values are needed on top of Rel-15 CSI-RS triggering offset value range X{0, 1, 2, 3, 4, 16, 24} slots. Our view is that:
· The ‘beamSwitchTiming’ UE reported includes the time consumed on the PDCCH detection/decoding and the receive beam switching. When  >  as illustrated in Figure 1, multiple DCI spans are possible depending on UE capability. Further, the Rel-16 MR-DC/CA WI will support multiple valid DCIs within a same PDCCH span or even at the same PDCCH monitoring occasion. The exact values and approach is under discussion. This might require some additional time for UE processing, depending on the X values and determination equation in Proposal 1, and also on the output of UE capability discussion for cross-carrier operation. 
· The minimum time gap will also somehow related to the number of valid DCIs that a UE needs to monitor/detect, and how the timing determination equation is constructed.
· Similar to the above, the UE capability for support A-CSI-RS is expected to reuse cross-carrier scheduling with different SCS operation as much as possible. From UE implementation point of view, no additional advanced UE capability is expected beyond that. If the timing determination taken from Proposal 1 is adopted, then no additional values are needed.
Observation 1: The value range of time offset, minimum time gap etc. for aperiodic-CSI-RS triggering by DCI with different SCS is depending on the adoption of timing determination approach and the output of UE capability discussion for support of multi-TB scheduling.
Further, if unaligned frame boundary with slot alignment and partial SFN alignment is supported, other parameters, e.g. slot offset, can also be introduced for the timing determination of aperiodic CSI-RS triggering. The details can refer to the companion contribution [2] for asynchronous-CA. This aspect is not reflected in the current analysis, and may require further discussion depending on the progress of asynchronous-CA.
Observation 2: Asynchronous-CA might have impact on the value range of timing related parameters for aperiodic-CSI-RS triggering. 
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution discusses the the aperiodic CSI-RS triggering with different numerologies between CSI-RS and triggering PDCCH. The following observations and proposals are made.
Observation 1: The value range of time offset, minimum time gap etc. for aperiodic-CSI-RS triggering by DCI with different SCS is depending on the adoption of timing determination approach and the output of UE capability discussion for support of multi-TB scheduling.
Observation 2: Asynchronous-CA might have impact on the value range of timing related parameters for aperiodic-CSI-RS triggering.
Proposal 1: 
The aperiodic CSI-RS triggering offset is given by , where
· n is the slot with the triggering DCI in the numerology of the PDCCH containing the triggering DCI, 
·  is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset
·   and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively.
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