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1	Introduction
In RAN#85, the following WI objective was added to the MR/DC WID:
9. Introduce support for aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH [RAN1]

In this contribution, we present our view on the issue. Additionally, a text proposal to 38.214 is provided in the appendix.
[bookmark: _Ref178064866]2	Discussion on CSI-RS slot offset indication
In Rel-15, the aperiodic CSI-RS triggering slot offset is defined simply as where  is the slot where the triggering DCI is received, and X{0, 1, 2, 3, 4, 16, 24} the indicated slot offset. Hence, it does not take the difference in SCS between the CSI-RS cell and the scheduling cell into account, which needs to be addressed in Rel-16.

In our view, we should use the same methodology for indicating CSI-RS slot offset between PDCCH as for all other a physical signal and channels in NR. For reference, the PDSCH slot offset is determined as



The slot allocated for the PDSCH is , where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and  and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, and


and the SRS slot offset is determined as

If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot where k is configured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively. 


It therefore seems quite natural to determine the CSI-RS slot offset in exactly the same way. Therefore, we propose that:
[bookmark: _Toc21098876]The slot offset for CSI-RS is defined as , where n is the slot with the triggering DCI in the numerology of the PDCCH,  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

Essentially, this implies that the slot in the CSI-RS numerology acts as a “reference slot” where the DCI indicated slot offset X is counted relative to. The reference slot is the first slot overlapping with the slot of the triggering PDCCH (in its numerology). We illustrate the slot offset rule for the cases where  >  and  <  below.


Figure 1: Illustration of proposed slot offset indication for CSI-RS

Note that we do not propose to allow non-causal CSI-RS triggering (i.e. the CSI-RS occurring previous in time compared to the PDCCH) as that would require UE to buffer CSI-RS symbols in anticipation of CSI-RS trigger. Instead, to ensure that the gNB is able to indicate a CSI-RS slot occurring sufficiently forward in time relative the PDCCH, the value range of aperiodicTriggeringOffset should be increased to include more values >4.

[bookmark: _Toc21098877]Increase the value range of aperiodicTriggeringOffset to X=0,1,…,31

The above proposal is different from the slot offset proposed in the Rel-15 CR discussion, which was  , corresponding to the reference slot occurring in the next non-overlapping slot. The reason for this in Rel-15 was that the value range of the RRC parameter aperiodicTriggeringOffset could not be updated, so that the only way to assure non-causal transmission was to shift the reference slot. However, this is not an issue for Rel-16.

Additionally, in our view, both the case of low-to-high CSI-RS triggering (where the PDCCH SCS < CSI-RS SCS) and high-to-low CSI-RS triggering should be supported, but they could correspond to separate UE capabilities. One motivation for supporting high-to-low CSI-RS triggering is for instance if the “low” cell suffers from PDCCH congestion or limited uplink capacity, then the aperiodic CSI report and aperiodic CSI-RS can be triggered by PDCCH on “high” cell and transmitted on the “high” cell uplink.

[bookmark: _Toc21098878]Both low-to-high CSI-RS triggering as well as high-to-low CSI-RS triggering is supported, but correspond to separate UE capabilities 
3	Minimum CSI-RS triggering offset
As stated in the previous section, the UE needs some time to decode the PDCCH, determine that CSI-RS is triggered on another cell with different SCS, and then read the corresponding OFDM symbols containing the CSI-RS. This should of course be done in a “causal” manner, which amounts in that a scheduling restriction is needed, stating the minimum time between end of PDCCH and start of CSI-RS. This is very similar to how cross-carrier PDSCH scheduling is handled according to the agreements in this WI. For reference, this is what has been agreed on this issue:
Agreements:
· At least for the case of lower SCS PDCCH scheduling a higher SCS PDSCH the earliest possible starting point for the PDSCH is defined by the end of the PDCCH + 
·  >0. Detailed value(s) FFS
· FFS other factor(s) impacting 
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
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



For instance, for low-to-high PDSCH scheduling, the PDSCH must lie at least  symbols (of the PDCCH numerology) forward in time relative the PDCCH (and hence  symbols in the PDSCH numerology). 
In our view, a similar mechanism can be used to define the minimum CSI-RS triggering offset. Actually, since a UE supporting cross-carrier CSI-RS triggering very likely also supports cross-carrier PDSCH scheduling, the same number of symbols for PDSCH and CSI-RS scheduling offset can likely be used. 

[bookmark: _Toc21098879]When the PDCCH SCS is smaller than the CSI-RS SCS, the UE is not required to process aperiodic CSI-RS if the offset between the last symbol of the PDCCH and the first symbol of the CSI-RS is smaller than  in the CSI-RS numerology, where is equal to 4 for 15 and 30 kHz SCS and 8 for 60 kHz SCS.
 
That is, the gNB is forced to select a triggering offset value X which is sufficiently large. This is illustrated in Figure 2 for the 15kHz SCS case of scheduling cell and 120 kHz SCS of CSI-RS cell. Here, the CSI-RS must lie at least  symbols ahead in time, corresponding to roughly 2.5 slots in the CSI-RS numerology.


[image: ]
Figure 2: Illustration of minimum CSI-RS triggering offset 

Additionally, the UE may require additional time to apply beam switching for CSI-RS reception when the PDCCH SCS is smaller than the CSI-RS SCS. A starting point can be that the same values as for the minimum CSI-RS scheduling offset is used.

[bookmark: _Toc21098880]When the PDCCH SCS is smaller than the CSI-RS SCS, an additional  symbols are added to the UE’s reported capability beamSwitchTiming, where  is equal to 

4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The slot offset for CSI-RS is defined as , where n is the slot with the triggering DCI in the numerology of the PDCCH,  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
Proposal 2	Increase the value range of aperiodicTriggeringOffset to X=0,1,…,31
Proposal 3	Both low-to-high CSI-RS triggering as well as high-to-low CSI-RS triggering is supported, but correspond to separate UE capabilities
Proposal 4	When the PDCCH SCS is smaller than the CSI-RS SCS, the UE is not required to process aperiodic CSI-RS if the offset between the last symbol of the PDCCH and the first symbol of the CSI-RS is smaller than  in the CSI-RS numerology, where is equal to 4 for 15 and 30 kHz SCS and 8 for 60 kHz SCS.
Proposal 5	When the PDCCH SCS is smaller than the CSI-RS SCS, an additional  symbols are added to the UE’s reported capability beamSwitchTiming, where  is equal to 
 
[bookmark: _In-sequence_SDU_delivery]5	References
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Appendix
[bookmark: _Toc534727959]Text proposal to 38.214
5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
[bookmark: _Hlk500778920]For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter resourceType set to 'aperiodic', 'periodic', or 'semi-persistent', trigger states for Reporting Setting(s) (configured with the higher layer parameter reportConfigType set to 'aperiodic') and/or Resource Setting for channel and/or interference measurement on one or more component carriers are configured using the higher layer parameter CSI-AperiodicTriggerStateList. For aperiodic CSI report triggering, a single set of CSI triggering states are higher layer configured, wherein the CSI triggering states can be associated with any candidate DL BWP. A UE is not expected to receive more than one DCI with non-zero CSI request per slot. A UE is not expected to be configured with different TCI-StateId's for the same aperiodic CSI-RS resource ID configured in multiple aperiodic CSI-RS resource sets with the same triggering offset in the same aperiodic trigger state. A UE is not expected to receive more than one aperiodic CSI report request for transmission in a given slot. A UE is not expected to be triggered with a CSI report for a non-active DL BWP. A trigger state is initiated using the CSI request field in DCI.
-	When all the bits of CSI request field in DCI are set to zero, no CSI is requested.





[bookmark: _Hlk498207844]-	When the number of configured CSI triggering states in CSI-AperiodicTriggerStateList is greater than , where  is the number of bits in the DCI CSI request field, the UE receives a selection command [10, TS 38.321] used to map up to  trigger states to the codepoints of the CSI request field in DCI.  is configured by the higher layer parameter reportTriggerSize where . When the HARQ/ACK corresponding to the PDSCH carrying the selection command is transmitted in the slot n, the corresponding action in [10, TS 38.321] and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field shall be applied starting from slot .

-	When the number of CSI triggering states in CSI-AperiodicTriggerStateList is less than or equal to , the CSI request field in DCI directly indicates the triggering state.
-	For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in Subclause 5.1.5, through higher layer signaling of qcl-info which contains a list of references to TCI-State's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a State referred to in the list is configured with a reference to an RS associated with 'QCL-TypeD', that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic or semi-persistent located in the same or different CC/DL BWP. 
-	If the scheduling offset, in the numerology of the aperiodic CSI-RS, 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, where
-	 is the UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306],
-	 if the PDCCH SCS is larger than or equal to the CSI-RS SCS and  otherwise, where  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively, where  for  and  for 
 when the reported value of beamSwitchTiming is one of the values of {14, 28, 48}.
-	if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than or equal to , when the UE reported threshold beamSwitchTiming when the reported values is one of the values {14,28,48}, periodic CSI-RS, semi-persistent CSI-RS.
-	If the scheduling offset, in the numerology of the aperiodic CSI-RS, between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is equal to or greater than, where
-	 is the UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306],
-	 if the PDCCH SCS is larger than or equal the CSI-RS SCS and  otherwise, where  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively, where  for  and  for 
 the UE reported threshold beamSwitchTiming when the reported value of beamSwitchTiming is one of the values of {14,28,48}, the UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI.
-	A non-zero codepoint of the CSI request field in the DCI is mapped to a CSI triggering state according to the order of the associated positions of the up to  trigger states in CSI-AperiodicTriggerStateList with codepoint '1' mapped to the triggering state in the first position.
For a UE configured with the higher layer parameter CSI-AperiodicTriggerStateList, if a Resource Setting linked to a CSI-ReportConfig has multiple aperiodic resource sets, only one of the aperiodic CSI-RS resource sets from the Resource Setting is associated with the trigger state, and the UE is higher layer configured per trigger state per Resource Setting to select the one CSI-IM/NZP CSI-RS resource set from the Resource Setting.
When aperiodic CSI-RS is used with aperiodic CSI reporting, the CSI-RS triggering offset  is configured per resource set by the higher layer parameter aperiodicTriggeringOffset. The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 16, 24…, 31} slots. The aperiodic CSI-RS is transmitted in slot , 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  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively. If all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states and the PDCCH SCS is equal to the CSI-RS SCS, the CSI-RS triggering offset  is fixed to zero.  If the PDCCH SCS is smaller than the CSI-RS SCS, the UE is not required to process aperiodic CSI-RS if there are less than   symbols, in the numerology of the CSI-RS,  between the end of the PDCCH containing the triggering DCI and the CSI-RS, where  for  and  for . The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.
The UE does not expect that aperiodic CSI-RS is transmitted before the OFDM symbol(s) carrying its triggering DCI. 
If interference measurement is performed on aperiodic NZP CSI-RS, a UE is not expected to be configured with a different aperiodic triggering offset of the NZP CSI-RS for interference measurement from the associated NZP CSI-RS for channel measurement.
If the UE is configured with a single carrier for uplink, the UE is not expected to transmit more than one aperiodic CSI report triggered by different DCIs on overlapping OFDM symbols.
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