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Introduction
In this contribution, we summarize companies’ views on maintenance of Rel-15 NR CSI measurement.
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	Reason for change:
	The slot offset of aperiodic CSI-RS relative the triggering PDCCH is ambiguous if the PDCCH and CSI-RS are transmitted with different numerology.

	
	

	Summary of change:
	· Clarified that the slot offset X according to higher layer parameter  aperiodicTriggeringOffset is given in the numerology of the aperiodic CSI-RS and that the offset is relative to a reference slot , which is the latest slot in the CSI-RS numerology overlapping with slot n of the triggering PDCCH in the PDCCH numerology
· Added, for the case when when the PDCCH SCS is smaller than the CSI-RS SCS, a restriction that the UE is not required to process aperiodic CSI-RS if there are less than   symbols between the end of the PDCCH containing the triggering DCI and the CSI-RS, where m is the span, in number of OFDM symbols, of the PDCCH monitoring occasion in which the DCI is received.
· Added, for the case when the PDCCH SCS is smaller than the CSI-RS SCS,   symbols to the scheduling offset threshold of aperiodic CSI-RS where the UE should apply a default QCL assumption
· Clarified that the restriction that “the CSI-RS triggering offset X is fixed to zero if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states” only applies when the PDCCH SCS is equal to the CSI-RS SCS. 
· Added restriction that the CSI-RS triggering offset should be larger than zero if the PDCCH SCS is smaller than the CSI-RS SCS, in order to avoid non-causual triggering of CSI-RS which would require UE to buffer OFDM symbols in the larger SCS in anticipation of possible aperiodic CSI-RS trigger in the smaller SCS.
· Added restriction that the PDCCH SCS is smaller than or equal to the CSI-RS SCS


	
	

	Consequences if not approved:
	Slot offset of aperiodic CSI-RS with different numerology than that of triggering PDCCH is ambiguous.
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	Other comments:
	Isolated Impact analysis
This CR clarifies the behavior when aperiodic CSI-RS is triggered by a PDCCH with different numerology than that of CSI-RS and does not impact the UE behavior when aperiodic CSI-RS and PDCCH have the same numerology.



[bookmark: _Toc534727959]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 equal to or greater than the CSI-RS SCS and  otherwise, where m is the span, in number of OFDM symbols, of the PDCCH monitoring occasion in which the triggering DCI is received and  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively,
 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 equal to or greater than the CSI-RS SCS and  otherwise, where m is the span, in number of OFDM symbols, of the PDCCH monitoring occasion in which the triggering DCI is received and  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively,
 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 range of 0 to 4 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, where the PDCCH SCS is smaller than or equal to the CSI-RS SCS. 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 CSI-RS triggering offset X is larger than 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 between the end of the PDCCH containing the triggering DCI and the CSI-RS, where m is the span, in number of OFDM symbols, of the PDCCH monitoring occasion in which the triggering DCI is received. 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.
	Company
	Views

	Ericsson
	Support. We think that this is a very important CR that is needed to ensure inter-band CA performance in Rel-15. Some further motivation and explanation are given in companion slideset R1-1902121. The proposal is also to associate this with a UE capability as is indicated by a companion draft LS (R1-1903378).

	ZTE
	Generally, we think it’s too late to violate the previous conclusion at current stage. This CR has the risk of non-backward compatibility since this feature is not completed in the version 15.4.0 of the spec due to the conclusion made on not supporting this feature in RAN1#94bis.
Conclusion made in RAN1#94bis: Triggering A-CSI reports whose measurement resources are with different numerology from that with PDCCH is not supported in Rel-15.
In addition, for CA with mixed numerology, periodic and semi-persistent CSI-RS can still be used to acquire aperiodic CSI in a different cell based on current specification. Possible enhancements of triggering mixed-numerology aperiodic CSI-RS can be discussed in Rel-16, e.g., in DC/CA enhancement. 
On the detailed proposal, it’s not clear to us what extra processing UE needs to perform to introduce an extra gap d when the CSI-RS SCS is larger than PDCCH SCS. 

	OPPO
	We agree with ZTE that it is better to discuss this issue in AI 7.1.13.2, where similar issue would also be discussed, e.g. the interpretation of Threshold-Sched-Offset with mixed numerology.

	vivo
	We are fine with E///’s intention. But simple solution should be pursued like the triggered CSI-RS should always be later than beamSwitchTiming to avoid too complicated specification at this late stage.

	Qualcomm
	Support (assuming UE capability is also added). 
We understand that there are real deployments that would require this feature, therefore we are supportive of this CR assuming that the associated UE capability for this feature is also added. 
To vivo/ZTE: beamSwitchTiming is not enough since it results to prohibitive buffering requirements to the UE (also explained in E// Tdoc R1-1902121). Note that due to the different numerology, if PDCCH SCS is smaller than the CSIRS SCS, until the UE processes the PDCCH (and being able to identify whether an AP-CSIRS is triggered or not), several symbols of the second CC have passed and thus are required to be buffered (which otherwise are not needed). Therefore, it should guaranteed that the AP-CSIRS will be received later a time, which is proportional to the SCS scaling factor, (plus the beam switching time).

	Huawei, HiSilicon
	Not support. Similar view with ZTE that it is too late UE capability at this stage. 
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