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1	Introduction 
In RAN1 #98-bis [1], the following contents are agreed:
Agreements:
· Support cross-carrier A-CSI-RS triggering when µPDCCH < µCSI-RS 
· Support cross-carrier A-CSI RS triggering when µPDCCH > µCSI-RS 
· For the above two cases, separate UE capabilities are introduced, and the capabilities are NOT linked with the capabilities related to the cross-carrier scheduling with different numerologies
Agreements:
To support aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH:
Definition of the slot index where A-CSI RS is transmitted
· n12CSI-RS/2PDCCH +X, where the n1 is the PDCCH carrier slot with the DCI
· Note: The case when the frame boundaries of the two carriers are not aligned may require additional compensation when determining the actual slot number
New slot offset values
· Extend the X(≥0) values for cross-carrier A-CSI RS triggering when the PDCCH and A-CSI RS have different SCS
· FFS X
Minimum A-CSI RS triggering offset for cross-carrier triggering of A-CSI RS when the PDCCH SCS and the A-CSI RS SCS are not the same
· 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 m
· m = 4, 4, 8, [12] symbols for PDCCH SCS = 15, 30, 60, 120 kHz, respectively as defined for cross-carrier scheduling of PDSCH with different PDCCH and PDSCH SCS.
· [Working assumption] When µPDCCH < µCSI-RS the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot
FFS impact, if any, due to beam switching timing 

This tdoc focus on the discussions for aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH.
2	On the Triggering Offset of Aperiodic CSI-RS and Different SCS
2.1 Minimum A-CSI RS triggering offset for cross-carrier triggering of A-CSI RS when the PDCCH SCS and the A-CSI RS SCS are not the same
 

It is agreed that the minimum delay m from the end of the triggering PDCCH and the start of the CSI-RS in the CSI-RS carrier’s slots is
· m = 4, 4, 8, [12] symbols for PDCCH SCS = 15, 30, 60, 120 kHz, respectively as defined for cross-carrier scheduling of PDSCH with different PDCCH and PDSCH SCS.
The value of [12] symbols for PDCCH SCS = 120kHz is very small (less than one slot) and enforces a very tight processing timeline for UE. Therefore, we have the following proposal:

Proposal 1: For the minimum delay m from the end of the triggering PDCCH and the start of the CSI-RS in the CSI-RS carrier when the PDCCH SCS and the A-CSI RS SCS are not the same:
· m = 16 symbols for PDCCH SCS = 120 kHz 


Besides, there was a working assumption in RAN1 98-bis that 
· When µPDCCH < µCSI-RS the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot
We think this working assumption aligns the requirement as defined for cross-carrier scheduling of PDSCH with different PDCCH and PDSCH SCS and should be made an agreement.

Proposal 2: Agree the previous working assumption:
· When µPDCCH < µCSI-RS the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot

2.2 The range of Rel-15 CSI-RS triggering offset and the beam switching impact

[bookmark: _GoBack]The Rel-15 CSI-RS triggering offset has the value range X{0, 1, 2, 3, 4, 16, 24} slots. According to the text proposal to 38.214 regarding aperiodic CSI Reporting/aperiodic CSI-RS provided in the email discussion, the UE behavior would be: (DCI to A-CSI-RS delay = X, minimum delay for cross-carrier A-CSI RS = m, KB is the A-CSI-RS beam switching timing as define in UE feature 2-28)

· If  X > KB
· Apply the TCI state indicated in the DCI to the received A-CSI-RS
· If  KB > X > m
· 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
· Else, UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell
· If  X < m
· Do not process the A-CSI-RS (drop it)
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Proposal 3: If KB > X > m (DCI to A-CSI-RS delay = X, minimum delay for cross-carrier A-CSI RS = m, KB is the A-CSI-RS beam switching timing as define in UE feature 2-28)
· 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
· Else, UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell


Since the maximum value of X is 24 (slots), and the allowed maximum KB is 336 symbols (24 slots) the range of X should be enlarged.

Proposal 4: Enlarge the range of aperiodicTriggeringOffset (X) in current spec (0~24 for now) since the largest allowed KB also equals 24 slots.

2.3 The additional number of symbols  added to the UE reported beamSwitchTiming when  > 

Our understanding on introducing m1 is to provide sufficient UE processing time for DCI decoding. The parameter ‘beamSwitchTiming’ somehow takes PDCCH processing time into account, but it is derived under the assumption of the same numerology between DCI and CSI-RS so we need additional offset m1 for different numerology case. A conservative value like =14 is more proper. 

Proposal 5: Set the additional number of symbols added to the UE reported beamSwitchTiming when  > , which means , to be 14.
3	Summary 
In this contribution, we focus on the discussions for aperiodic CSI-RS triggering with different numerology between CSI-RS and triggering PDCCH and have the following proposals:

Proposal 1: For the minimum delay m from the end of the triggering PDCCH and the start of the CSI-RS in the CSI-RS carrier when the PDCCH SCS and the A-CSI RS SCS are not the same:
· m = 16 symbols for PDCCH SCS = 120 kHz 

Proposal 2: Agree the previous working assumption:
· When µPDCCH < µCSI-RS the minimum delay is quantized to the beginning of the next A-CSI RS carrier slot

Proposal 3: If KB > X > m (DCI to A-CSI-RS delay = X, minimum delay for cross-carrier A-CSI RS = m, KB is the A-CSI-RS beam switching timing as define in UE feature 2-28)
· 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
· Else, UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell

Proposal 4: Enlarge the range of aperiodicTriggeringOffset (X) in current spec (0~24 for now) since the largest allowed KB also equals 24 slots.


Proposal 5: Set the additional number of symbols added to the UE reported beamSwitchTiming when  > , which means , to be 14.

Reference
Chairman’s Notes, RAN1 #98-bis.

image1.png
A-CSI-RS
switching timing

beam

1. Minimum time between
the DCI triggering of AP-
CSLRS and aperiodic CSI-
RS transmission shall be at
least KB; symbols. (Symbols
measured from last symbol
containing the indication to
first symbol of CSLRS),
where

1is the index of SCS, I=1,2
corresponding to 60,120 kHz
SCs.

No
recommendation on
the desired beam
switching timing

Typel

NA.

Optional with
capability signaling
Only applicable to
FR2

Candidate values:
{14, 28, 48, 224,
336}

Optional ~ with
capability
signaling

Only  applicable
to FR2
Candidate values:
{14, 28, 48, 224,
336}





