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[bookmark: _Toc32663902][bookmark: _Toc32667657][bookmark: _Toc32667809][bookmark: _Toc32857855][bookmark: _Toc32865024]Introduction & proposed way forward
[bookmark: _Hlk510705081]This document summarizes the contributions Numerologies submitted under agenda-item 7.2.10.4 “Aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH” [1-3]. The objective of this document is to summarise the remaining issues and proposals to facilitate the preparatory phase for the e-meeting as shown below.
· Preparation phase (2/17-2/21): 
· By the end of 2/17: Feature leads to summarize critical issues for each sub-agenda 
· For the summary, due to limited time for preparation, each feature lead is not required to provide a detailed summary of companies positions and their proposals, but rather based on the contributions, to provide a list of issues/proposals and an indication of priority
· 2/18-2/21: Email discussion to finalize the set of critical issues for each sub-agenda

Feature lead’s proposal for e-meeting preparation:
1. Take issue #5 up as a high priority principle question – how to deal with integrating Rel-16 features with each other
2. Take issue #3 as a high-priority email discussion introducing the agreements that were missed.
3. Take issue #1 as medium-priority for fixing a potentially ambiguous spec text.
4. Take issue #2 and discuss the necessity and relevance of the correction.
5. Take issue #4 as an editorial correction in due course.
[bookmark: _Toc32857856][bookmark: _Toc32865025]Summary of issues 
	#
	Issue
	Feature lead view

	1
	According to the current specification, the threshold is defined as beamSwitchTiming + d in PDCCH symbols. In the case of cross-carrier CSI-RS triggering with mix numerologies, the aperiodic CSI-RS SCS is different from the PDCCH SCS. Consequently, it needs to be clarified that the threshold beamSwitchTiming reported by UE is either based on PDCCH symbols, or based on CSI-RS symbols and then converted to PDCCH symbols in calculation. [1]
	The issue seems to be a potentially confusing specification when duration in symbols on one carrier is added to the timing defined un symvols of another carrier. 
Criticality: Spec not incorrect, but maybe considered confusing. Can be considered as spec text improvement.

	2
	The behaviour of CSI-RS triggering offset with value zero means PDCCH and aperiodic CSI-RS are in same slot. However, the interval of Ncsirs PDCCH symbols between PDCCH and aperiodic CSI-RS also needs to be met. This will affect the flexibility of aperiodic CSI-RS triggering with different numerology. Thus, the behavior in 5.2.1.5.1 of TS 38.214 should not be applied in 5.2.1.5.1a.
	The issue seems to be that a behaviour not applicable for cross-carrier A-CSI reporting, and thus not mentioned in the corresponding subclause, should be separately spelled out as not applicable
Criticality: Need to establish if something is unclear, and if so, what is the correction to be applied

	3
	The clarification of default QCL assumption has two conditions, one is cross carrier aperiodic CSI-RS with triggering time offset smaller than the threshold, another is the A-CSI RS contains QCL-typeD information.
In current specification 38.214, for the clarification of default QCL assumption, the condition of A-CSI RS contains QCL-typeD information is missed, the current specification is not aligned with the agreement. [2]
	The issue seems to be an incorrectly implemented RAN1 agreement.
Criticality: Spec not according to RAN1 agreements, should be corrected

	4
	Duplicate paragraph in the new subclause 5.2.1.5.1a. [2]
	Editorial error in the subclause introduced to 16.0.0. 
Criticality: Editorial issue, should be corrected in due course.

	5
	Extension of TEI16 feature "handling of beamSwitchTiming values of 224 and 336” to the cross-carrier A-CSI triggering with different numberologies. [3] 
	The issue seems to be due to MR-DC CR having been created on top of Rel-15 spec without considering integration with other Rel-16 features.
Criticality: Should the TEI16 new feature and the cross-carrier A-CSI RS triggering be integrated?





[bookmark: _Toc32663903][bookmark: _Toc32667658][bookmark: _Toc32857857][bookmark: _Toc32865026]Proposals 
3.1	Beamswitchtiming + d [1]	3
3.2	Clarification for MinimumSchedulingOffset [1]	3
3.3	Correction to default QCL assumption [2]	4
3.4	Duplicate paragraph in 5.2.1.5.1a [2]	5
3.5	Handling of beamSwitchTiming values of 224 and 336 [3]	6

[bookmark: _Toc32865027]Beamswitchtiming + d [1]
According to these agreements, the additional delay d is determined based on PDCCH SCS like cross-carrier PDSCH scheduling, where delta is determined 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.
In TS 38.214 section 5.2.1.5.1a of 3GPP Rel-16, the UE reported threshold beamSwitchTiming + d in PDCCH symbols is used for TCI state determination of aperiodic CSI-RS, where the beam switching timing delay d is defined in the following table.
	µPDCCH
	d [PDCCH symbols]

	0
	8

	1
	8

	2
	14



According to the current specification, the threshold is defined as beamSwitchTiming + d in PDCCH symbols. In the case of cross-carrier CSI-RS triggering with mix numerologies, the aperiodic CSI-RS SCS is different from the PDCCH SCS. Consequently, it needs to be clarified that the threshold beamSwitchTiming reported by UE is either based on PDCCH symbols, or based on CSI-RS symbols and then converted to PDCCH symbols in calculation. We prefer the latter one, where the threshold beamSwitchTiming is determined based on the SCS of the triggered aperiodic CSI-RS like cross-carrier PDSCH scheduling, and is converted to PDCCH symbols for QCL determination of aperiodic CSI-RS.
Proposal 1: 
· Clarify that the threshold beamSwitchTiming is determined based on the SCS of the triggered aperiodic CSI-RS and converted to PDCCH symbols for QCL determination of aperiodic CSI-RS.
[bookmark: _Toc32865028]Clarification for MinimumSchedulingOffset [1]
Proposal 2: 
· Clarify the following behavior in 5.2.1.5.1of TS 38.214 is not applied for aperiodic CSI-RS triggering with different numerology.
· If the UE is not configured with [minimumSchedulingOffset] for any DL or UL BWP and if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states, the CSI-RS triggering offset is fixed to zero.
	TS 38.214  
5.2.1.5.1a	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies
< Unchanged parts are omitted >
Aperiodic CSI-RS timing:
	
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher layer parameter aperiodicTriggeringOffset, including the case that the UE is not configured with [minimumSchedulingOffset] for any DL or UL BWP and all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states. The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 16, 24} slots. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.


[bookmark: _Hlk26521758]-	When the aperiodic CSI-RS is used with aperiodic CSI reporting, the CSI-RS triggering offset X is configured per resource set by the higher layer parameter aperiodicTriggeringOffset. The CSI-RS triggering offset has the values of {0, 1,…31} slots when the µPDCCH < µCSIRS and {0, 1, 2, 3, 4, 16, 24} when the µPDCCH > µCSIRS.. The aperiodic CSI-RS is transmitted in a slot  where

< Unchanged parts are omitted >



[bookmark: _Toc32865029]Correction to default QCL assumption [2]
In RAN1#99 meeting [1], the following agreements are achieved for the A-CSI RS default QCL assumption.
	[bookmark: OLE_LINK9][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK5]Agreements
For cross carrier aperiodic CSI-RS with triggering time offset smaller the threshold, with A-CSI RS contains QCL-typeD information:
· If there is any other DL signal in the same symbols as the CSI-RS in the scheduled cell, the UE applies the QCL assumption of the other DL signal on the aperiodic CSI-RS.
· The definition of “other DL signal” is same as Rel-15
· Otherwise, 
· if CORESET is configured in the A CSI-RS carrier, the UE follows existing spec text. I.e., A CSI-RS follows QCL assumption of the lowest ID CORESET in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored. 
· If CORESET is not configured in the A-CSI-RS carrier, apply the QCL assumption in the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the serving cell with the A-CSI-RS transmission




[bookmark: OLE_LINK10][bookmark: OLE_LINK11]According to the above agreements, it can be observed that the clarification of default QCL assumption has two conditions, one is cross carrier aperiodic CSI-RS with triggering time offset smaller than the threshold, another is the A-CSI RS contains QCL-typeD information.
In current specification 38.214 [2], for the clarification of default QCL assumption, the condition of A-CSI RS contains QCL-typeD information is missed, the current specification is not aligned with the agreement. It is proposed to adopt the following text proposal.
[bookmark: OLE_LINK12]Proposal 1: To align with the agreements made in RAN1#99, adopt text proposal 1 to correct the clarification of default QCL assumption in TS 38.214.

--------------------------------------- Start of Text Proposal 1 ----------------------------------------------
< Unchanged parts are omitted >
[bookmark: _Toc29673174][bookmark: _Toc29673315][bookmark: _Toc29674308]5.2.1.5.1a	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies
When the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, the behavior defined in 5.2.1.5.1 for the case where the numerologies are the same applies with the following exceptions:
When the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, the behavior defined in 5.2.1.5.1 for the case where the numerologies are the same applies with the following exceptions:
Beam switch timing:
-	If the µPDCCH < µCSIRS
-	If the scheduling offset 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 the UE reported threshold beamSwitchTiming + d in PDCCH symbols, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}and where the beam switching timing delay d is defined in Table 5.2.1.5.1a-1, if the aperiodic CSI-RS is associated with 'QCL-TypeD',
-	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 the UE reported threshold beamSwitchTiming + d in PDCCH symbols when the reported value is one of the values {14,28,48}, periodic CSI-RS, semi-persistent CSI-RS;
-	else,
-	if at least one CORESET is configured for the BWP in which the aperiodic CSI-RS is to be received, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.
-	else, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption of the lowest-ID activated TCI state applicable to the PDSCH within the active BWP of the cell in which the CSI-RS is to be received. 
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal 1-------------------------------------------


[bookmark: _Toc32865030]Duplicate paragraph in 5.2.1.5.1a [2]
[bookmark: OLE_LINK4]In current TS38.214 [2], the paragraph “When the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, the behavior defined in 5.2.1.5.1 for the case where the numerologies are the same applies with the following exceptions:” is repeated. 
--------------------------------------- Start of Text Proposal 2 ----------------------------------------------
< Unchanged parts are omitted >
5.2.1.5.1a	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies
When the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, the behavior defined in 5.2.1.5.1 for the case where the numerologies are the same applies with the following exceptions:
When the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, the behavior defined in 5.2.1.5.1 for the case where the numerologies are the same applies with the following exceptions:
Beam switch timing:
-	If the µPDCCH < µCSIRS
… 
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal 2-------------------------------------------

[bookmark: _Toc32865031]Handling of beamSwitchTiming values of 224 and 336 [3]
During the Rel-16 standardization, support for aperiodic CSI reporting/aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies has been specified. This functionality was specified to mimic the corresponding functionality for the case when the triggering PDCCH and the CSI-RS have the same numerology. 
Most of the specification text for the ‘different numerology’ case was copied from the Rel-15 specifications. However, as part of TEI-16 [1], the ‘same numerology’ functionality was changed on two aspects: how to handle the larger values of the UE capability beamSwitchTiming (224 and 336), and the default QCL assumptions for CSI-RS for beam management (an NZP-CSI-RS resource set configured with the higher layer parameter repetition). These changes were introduced to facilitate the use of the larger values of beamSwitchTiming, and to speed up the scheduling of aperiodic CSI-RS for beam management.
-	If the scheduling offset 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 the UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}.
-	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 the UE reported threshold beamSwitchTiming when the reported value is one of the values {14,28,48}, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the reported value of beamSwitchTiming is one of the values {224, 336}, periodic CSI-RS, semi-persistent CSI-RS;
-	else, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.
-	If the scheduling offset 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 the  UE reported threshold beamSwitchTiming when the reported value is one of the values of {14,28,48}, or is equal to or greater than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}, 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.

[bookmark: _Ref32387704]Figure 1: The specification changes agreed in [1].
The text depicted in Figure 1 were subsequently introduced in section 5.2.1.5.1 in 38.214. However, this change was not included when support for aperiodic CSI reporting/aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies was introduced in the specification. This reduces the usefulness of that type of triggering, and the functionality for the two cases are not aligned. There is no property of the ‘different numerology’ case that would prohibit the introduction of the corresponding functionality also for this case. Hence, we propose
[bookmark: _Toc32663916][bookmark: _Toc32667674][bookmark: _Toc32667823][bookmark: _Toc32857869][bookmark: _Toc32865032]References
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