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[bookmark: _Hlk510705081]This document summarizes the contributions Numerologies submitted under agenda-item 7.2.13.4 “7.2.13	Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements (LTE, NR) – aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH” [1-8]. The objective of this document is to summarise the proposals related to the feature.
Proposals
Scenarios
	Vivo
	Proposal 1: Reuse the scenario and definition of scheduling timing for cross-carrier PDSCH scheduling.
· For the case of higher SCS PDCCH triggering lower SCS aperiodic CSI-RS, the motivation and usecase need to be clarified.

	ZTE
	Proposal 1: For cross carrier CSI-RS triggering with mixed numerology, both  and  are supported.

	Sam
	Proposal 2: Support of this feature is restricted to 

	Intel
	Proposal 1: Support aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH for  <  and  > 

	Eri
	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

	MTek
	Proposal 3: Do not support aperiodic CSI-RS triggering when  < , or introduce it as a capability.



FL proposal:
· Support cross-carrier A-CSI-RS triggering when µPDCCH ≤ µCSI-RS 
· Discuss whether to support cross-carrier A-CSI RS triggering when µPDCCH ≥ µCSI-RS 

Triggering offset definition
	Vivo
	Proposal 4: Considering new values added to the CSI-RS triggering offset in case of mixed numerology CSI-RS triggering.

	[bookmark: _Hlk21614706]ZTE
	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.
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.

	Sam
	Proposal 1: The reference slot for the slot offset for A-CSI-RS transmission is  if .

Proposal 5: Additional values for the CSI-RS triggering offset  is not supported. 

	Intel
	Proposal 2: For aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH, the slot index for CSI-RS transmission in the numerology of CSI-RS is derived based on the following equation 
· n is the slot index corresponding to 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

	Eri
	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, X is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset, μCSIRS and μPDCCH are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively
Proposal 2: Increase the value range of aperiodicTriggeringOffset to X=0,1,…,31

	MTek
	Proposal 1: The aperiodic CSI-RS triggering offset is set to , 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
Proposal 6: Enlarge the range of aperiodicTriggeringOffset (X) in current spec (0~24 for now).

	Hua
	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.



Reference slot for for the slot offset
· PDCCH carrier slot with the DCI
· slot  on the A-CSI-RS carrier

Definition of the slot offset
· , where the n1 is the PDCCH carrier slot with the DCI
· , where the n is the PDCCH carrier slot with the DCI
· , where the n is the PDCCH carrier slot with the DCI
· n’ + X, where  and n is the PDCCH carrier slot with the DCI

New slot offset values
· Don’t extend the Rel-15 values: Sam
· Consider adding new values: Vivo, ZTE, Eri, MTek
· Eri: 0,1,…,31
· ZTE: Don’t restrict the new values to cross-CC with mixed SCS

Minimum triggering offset
	Vivo
	Proposal 3: Reuse the delta for cross-carrier scheduling PDSCH as the minimum time between last symbol of triggering PDCCH and first symbol of aperiodic CSI-RS.

	Sam
	Proposal 4: Support a fixed minimum gap between PDCCH and A-CSI-RS for UE processing relaxation when the CSI-RS triggering offset ; reuse the  value for cross-carrier scheduling as the fixed minimum gap.

	Eri
	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 m2 is equal to 4 for 15 and 30 kHz SCS and 8 for 60 kHz SCS.

	MTek
	Proposal 5: Set the minimum time between last symbol of triggering PDCCH and first symbol of aperiodic CSI-RS when  > , which means , to be 14.

	QCOM
	Proposal 1: The minimum offset between the end of the triggering PDCCH and the start of the aperiodic CSI-RS for the UE to receive the CSI-RS is , 
where  is the minimum PDCCH-to-PDSCH delay between the received PDCCH and the received PDSCH at the UE defined for cross-carrier scheduling without different numerologies.  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively. takes values of [4, 4, 8, 12] for PDCCH SCS = [15, 30, 60, 120] kHz, respectively.



Minimum triggering offset
· Minimum delay from the [end of] the triggering PDCCH and the start of the CSI-RS in the CSI-RS carrier’s slots is defined as 
· m2= 4, 4, 8, 12 for PDCCH SCS = 15, 30, 60, 120 kHz, respectively.
· m2 = 14


Triggering DCI location
	MTek
	Proposal 2: If the PDCCH SCS is smaller than the CSI-RS SCS, the UE does not expect that the PDCCH carrying the triggering DCI is contained in the last 10 symbols of the slot.



Discuss the proposal

Beam switching
	Vivo
	Proposal 2: Clarify the motivation for introducing the additional number of symbols added to the UE reported beamSwitchTiming.

	ZTE
	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.

	Sam
	Proposal 3: Support additional , where  is fixed, symbols added to the UE reported beamSwitchTiming when .

	Eri
	Proposal 5: When the PDCCH SCS is smaller than the CSI-RS SCS, an additional m1 symbols are added to the UE’s reported capability beamSwitchTiming, where m1 is equal to m2

	MTek
	Proposal 4: Set the additional number of symbols added to the UE reported beamSwitchTiming when  > , which means , to be 14.

	QCOM
	Observation 1: For cross-carrier aperiodic CSI-RS triggering, early proposals have defined the beam switch timing threshold as summation of self-scheduling threshold and an adjustment term. The self-scheduling threshold is based on the scheduled cell’s SCS and the adjustment term is based on the scheduling cell’s SCS. 
Proposal 2: For cross-carrier aperiodic CSI-RS triggering with different numerologies between the triggering PDCCH and the aperiodic CSI-RS, beam switch timing threshold is equal to a number of symbols based on the CSI-RS’s SCS and the symbol number is

where  is the beam switch timing threshold defined for same cell scheduling (i.e., beamSwitchTiming) and  is the minimum PDCCH-to-PDSCH delay between the received PDCCH and the received PDSCH at the UE defined for cross-carrier scheduling without different numerologies.  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively.  takes values of [4, 4, 8, 12] for PDCCH SCS = [15, 30, 60, 120] kHz, respectively.



Additional symbols to the UE reported beamSwitchTiming
· Needed
· Not needed

If answer to above is: “needed”, the additional symbols to the UE reported beamSwitchTiming is
· d = 14 symbols 
· , where Z = [12 or 14]
· d is the same as the minimum triggering offet
· d = , where X is the same as the triggering offset and  takes values of [4, 4, 8, 12] for PDCCH SCS = [15, 30, 60, 120] kHz, respectively.
· 

Default QCL assumption
	Vivo
	Proposal 5: For cross-carrier triggering of aperiodic CSI-RS on a SCell without any monitored CORESET, if the offset between the last symbol of the PDCCH and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported threshold beamSwitchTiming, and if there is not any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the serving cell where the aperiodic CSI-RS resource is configured.

	ZTE
	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.



[bookmark: _GoBack]Discuss the following
If the offset between the triggering PDCH and the CSI-RS is less than the applicable beam switching timing
· Apply QCL type A/B/C derived from the TCI indication
· Apply QCL type D derived from the default beam, where
a) TCI state with the lowest ID applicable to PDSCH in the active BWP of the serving cell where the aperiodic CSI-RS resource is configured.
b) One of
1. 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;
2. QCL Type D from the lowest CORESET ID of the lowest CC with PDCCH QCL Type D configuration in the CSI-RS band, otherwise.
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Annex – Proposals and observations
[1]	R1-1910243	Discussion on aperiodic CSI-RS triggering, vivo
Proposal 1: 
· Reuse the scenario and definition of scheduling timing for cross-carrier PDSCH scheduling.
· For the case of higher SCS PDCCH triggering lower SCS aperiodic CSI-RS, the motivation and usecase need to be clarified.
Proposal 2: 
· Clarify the motivation for introducing the additional number of symbols added to the UE reported beamSwitchTiming.
Proposal 3: 
· Reuse the delta for cross-carrier scheduling PDSCH as the minimum time between last symbol of triggering PDCCH and first symbol of aperiodic CSI-RS.
Proposal 4: 
· Considering new values added to the CSI-RS triggering offset in case of mixed numerology CSI-RS triggering.
Proposal 5: 
· For cross-carrier triggering of aperiodic CSI-RS on a SCell without any monitored CORESET, if the offset between the last symbol of the PDCCH and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported threshold beamSwitchTiming, and if there is not any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the serving cell where the aperiodic CSI-RS resource is configured.

[2]	R1-1910291	Cross-carrier CSI-RS triggering with mixed numerology, ZTE
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.
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.
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.
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.

[3]	R1-1910509	A-CSI-RS triggering by PDCCH with different numerology, Samsung
Proposal 1: The reference slot for the slot offset for A-CSI-RS transmission is  if .

Proposal 2: Support of this feature is restricted to 

Proposal 3: Support additional , where  is fixed, symbols added to the UE reported beamSwitchTiming when .

Proposal 4: Support a fixed minimum gap between PDCCH and A-CSI-RS for UE processing relaxation when the CSI-RS triggering offset ; reuse the  value for cross-carrier scheduling as the fixed minimum gap.

Proposal 5: Additional values for the CSI-RS triggering offset  is not supported. 

[4]	R1-1910683	Discussions on aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH, Intel Corporation
Proposal 1: 
· Support aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH for  <  and  > 
·  and  are the subcarrier spacing configurations for CSI-RS and PDCCH respectively
Proposal 2: 
· For aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH, the slot index for CSI-RS transmission in the numerology of CSI-RS is derived based on the following equation 
· n is the slot index corresponding to 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

[5]	R1-1910898	On support of aperiodic CSI-RS triggering with mixed numerology	Ericsson
Proposal 1	The slot offset for CSI-RS is defined as n2μCSIRS2μPDCCH+X, where n is the slot with the triggering DCI in the numerology of the PDCCH, X is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset, μCSIRS and μPDCCH 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  m22μCSIRS2μPDCCH in the CSI-RS numerology, where m2 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 m1 symbols are added to the UE’s reported capability beamSwitchTiming, where m1 is equal to m2

[6]	R1-1911063	Support of aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH, MediaTek Inc.
Proposal 1: The aperiodic CSI-RS triggering offset is set to , 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
Proposal 2: If the PDCCH SCS is smaller than the CSI-RS SCS, the UE does not expect that the PDCCH carrying the triggering DCI is contained in the last 10 symbols of the slot.
Proposal 3: Do not support aperiodic CSI-RS triggering when  < , or introduce it as a capability.
Proposal 4: Set the additional number of symbols added to the UE reported beamSwitchTiming when  > , which means , to be 14.
Proposal 5: Set the minimum time between last symbol of triggering PDCCH and first symbol of aperiodic CSI-RS when  > , which means , to be 14.
Proposal 6: Enlarge the range of aperiodicTriggeringOffset (X) in current spec (0~24 for now).

[7]	R1-1911140	A-CSI-RS with different numerology between CSI-RS and triggering PDCCH, Qualcomm Incorporated
Observation 1: For cross-carrier aperiodic CSI-RS triggering, early proposals have defined the beam switch timing threshold as summation of self-scheduling threshold and an adjustment term. The self-scheduling threshold is based on the scheduled cell’s SCS and the adjustment term is based on the scheduling cell’s SCS.
Proposal 1: The minimum offset between the end of the triggering PDCCH and the start of the aperiodic CSI-RS for the UE to receive the CSI-RS is 

[bookmark: _Hlk21092573]where  is the minimum PDCCH-to-PDSCH delay between the received PDCCH and the received PDSCH at the UE defined for cross-carrier scheduling without different numerologies.  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively. takes values of [4, 4, 8, 12] for PDCCH SCS = [15, 30, 60, 120] kHz, respectively.
Proposal 2: For cross-carrier aperiodic CSI-RS triggering with different numerologies between the triggering PDCCH and the aperiodic CSI-RS, beam switch timing threshold is equal to a number of symbols based on the CSI-RS’s SCS and the symbol number is

where  is the beam switch timing threshold defined for same cell scheduling (i.e., beamSwitchTiming) and  is the minimum PDCCH-to-PDSCH delay between the received PDCCH and the received PDSCH at the UE defined for cross-carrier scheduling without different numerologies.  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively.  takes values of [4, 4, 8, 12] for PDCCH SCS = [15, 30, 60, 120] kHz, respectively.
 
[8]	R1-1911265	Discussion on aperiodic CSI-RS triggering with different numerologies between CSI-RS and triggering PDCCH, Huawei, HiSilicon
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.

