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1. Overall Description:

RAN1 would like to thank RAN2 for the LS on beamSwitchTiming. RAN1 discussed these questions and provides response as below.
Confirmation of RAN2 understanding
Understanding 1: For Rel-15 UEs, if the UE indicates a value from the set {14, 28, 48} in Rel-15 capability signaling, the reported value is used for all cases, including CSI-RS with repetition is configured and set to “ON” or “OFF”. 

Response 1: This is not correct. The UE behavior for CSI-RS configured with repetition (set as ‘ON’ or ‘OFF’) was unspecified in RAN1 in R15. This is one of the reasons that the Rel-16 TEI was agreed, i.e., to include CSI-RS with repetition, by changing ‘without higher layer parameter trs-Info and without the higher layer parameter repetition’ as ‘without higher layer parameter trs-Info’. 
TS 38.214, V15.11.0
	-
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}.

-
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}, 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 controlResourceSetId 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}, 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.


TS 38.214, V16.3.0
	-
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 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} and enableBeamSwitchTiming-r16 is not provided, or is smaller than 48 when the reported value of beamSwitchTiming-r16 is one of the values of {224, 336} and enableBeamSwitchTiming-r16 is provided.

-
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} and enableBeamSwitchTiming-r16 is not provided, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the reported value of beamSwitchTiming-r16 is one of the values {224, 336} and enableBeamSwitchTiming-r16 is provided, 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 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 controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored; 
-
else if the UE is configured with [enableDefaultBeamForCCS] and 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.

-
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} and enableBeamSwitchTiming-r16 is not provided, or is equal to or greater than 48 when the reported value of beamSwitchTiming-r16 is one of the values of {224, 336} and enableBeamSwitchTiming-r16 is provided, 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.


Understanding 2: For Rel-15 UEs, if the UE indicates a value from the set {224, 336} in Rel-15 capability signaling, there is no specified behaviour for value of 224 and 336. 

Response 2: This is not correct. In R15, when UE reports {224, 336}, it will be used to determine UE expectation/behavior for aperiodic CSI-RS for tracking and latency requirements for L1-RSRP reporting, according the specs highlighted below. 
TS 38.214, V15.11.0
	A UE configured with NZP-CSI-RS-ResourceSet(s) configured with higher layer parameter trs-Info may have the CSI-RS resources configured as:

-
Periodic, with the CSI-RS resources in the NZP-CSI-RS-ResourceSet configured with same periodicity, bandwidth and subcarrier location

-
Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth (with same RB location)and the aperiodic CSI-RS being 'QCL-Type-A' and 'QCL-TypeD', where applicable, with the periodic CSI-RS resources. For frequency range 2, the UE does not expect that 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 smaller than the UE reported beamSwitchTiming. The UE shall expect that the periodic CSI-RS resource set and aperiodic CSI-RS resource set are configured with the same number of CSI-RS resources and with the same number of CSI-RS resources in a slot. For the aperiodic CSI-RS resource set if triggered, and if the associated periodic CSI-RS resource set is configured with four periodic CSI-RS resources with two consecutive slots with two periodic CSI-RS resources in each slot, the higher layer parameter aperiodicTriggeringOffset indicates the triggering offset for the first slot for the first two CSI-RS resources in the set.


TS 38.214, V15.11.0
	-
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 of the table 5.4-2 if reportQuantity is set to 'cri-RSRP' or 'ssb-Index-RSRP', [image: image4.png]where X



is according to UE reported capability beamReportTiming  and KBl is according to UE reported capability beamSwitchTiming as defined in [13, TS 38.306], or
-
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 of table 5.4-2 otherwise.

-
µ of table 5.4-1 and table 5.4-2 corresponds to the min (µPDCCH, µCSI-RS, µUL) where the µPDCCH corresponds to the subcarrier spacing of the PDCCH with which the DCI was transmitted and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted and µCSI-RS corresponds to the minimum subcarrier spacing of the aperiodic CSI-RS triggered by the DCI

Table 5.4-1: CSI computation delay requirement 1
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Table 5.4-2: CSI computation delay requirement 2
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Understanding 3: If the Rel-15 capability signaling (beamSwitchTiming) is not included, the beam switch timing is up to 48 OFDM symbols for each supported sub-carrier spacing.

Response 3: In R15, RAN1 did not agree on using 48 as default value for beamSwitchTiming. Instead, in R15, RAN1 listed ‘No recommendation on the desired beam switching timing’ as ‘Consequences if the feature is not supported by the UE’ in UE feature list R1-1907862. It would be clearer if the UE reports this UE capability. 
Answers to questions
The following assume enableBeamSwitchTiming-r16 is provided to the UE. 
Question A: For CSI-RS configured with repetition and set to “ON”, whether the UE indicates switch time that is the same as the signalled value from the set {224, 336} in Rel-16 capability signaling or the default value of 48?

Answer A: RAN1 did not define default value for beamSwitchTiming-r16, as listed in the LS sent from RAN1 to RAN2 in R1-2007326. The LS sent from RAN1 to RAN2 in R1-1909895 indicated the required beam switching time is the signalled value from the set of {224, 336} for CSI-RS configured with repetition set to ‘ON’.
R1-1909895:
	Agreements:

Regarding TEI “Aperiodic CSI-RS Triggering for UE reporting beamSwitchTiming values of 224 and 336”

· 48 is used as the beam switching threshold for UEs reporting 224 or 336
· When using the higher values of the feature (sym224 and sym336), beamSwitchTiming indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission in a CSI-RS resource configured with repetition ‘ON’ to apply TCI indication in CSI-RS triggering DCI.


Question B: For CSI-RS configured with repetition and set to “OFF” (a.k.a. regular CSI-RS), whether the UE indicates switch time of 48 (even if it signaled < 48 in the Rel-15 capability), or the signalled value in Rel-15 capability signaling?

Answer B: For CSI-RS configured with repetition set to ‘OFF’, the required beam switching time is 48 symbols.
Question C: For CSI-RS configured without repetition, whether the UE indicates switch time of 48 (even if it signaled < 48 in the Rel-15 capability), or the signalled value in Rel-15 capability signaling? 

Answer C: RAN1 assume this question is for Rel-16 UE. CSI-RS without repetition can be CSI-RS for CSI (without repetition and without trs-Info) and CSI-RS for tracking (without repetition and with trs-Info). For CSI-RS for tracking, the indicated value for beamSwitchTiming applies (if belongs to the set of {14, 28, 48} according to the Rel-16 spec quoted below). For CSI-RS for CSI, it is handled the same way as CSI-RS for BM (with repetition, set to ‘OFF’), where the required beam switching time is 48 symbols. 
TS 38.214, V16.3.0
	A UE configured with NZP-CSI-RS-ResourceSet(s) configured with higher layer parameter trs-Info may have the CSI-RS resources configured as:

-
Periodic, with the CSI-RS resources in the NZP-CSI-RS-ResourceSet configured with same periodicity, bandwidth and subcarrier location

-
Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth (with same RB location) and the aperiodic CSI-RS being 'QCL-Type-A' and 'QCL-TypeD', where applicable, with the periodic CSI-RS resources. For frequency range 2, the UE does not expect that 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 smaller than the UE reported beamSwitchTiming, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}. The UE shall expect that the periodic CSI-RS resource set and aperiodic CSI-RS resource set are configured with the same number of CSI-RS resources and with the same number of CSI-RS resources in a slot. For the aperiodic CSI-RS resource set if triggered, and if the associated periodic CSI-RS resource set is configured with four periodic CSI-RS resources with two consecutive slots with two periodic CSI-RS resources in each slot, the higher layer parameter aperiodicTriggeringOffset indicates the triggering offset for the first slot for the first two CSI-RS resources in the set.


2. Actions:

To RAN2
ACTION: RAN1 would like to respectfully ask RAN2 to take the above information into account. 

3. Date of Next RAN WG1 Meetings:
TSG-RAN WG1 Meeting #104-e
January 25 – February 5, 2021 
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