[bookmark: _Hlk31821325]3GPP TSG-RAN WG1 Meeting #104-e		R1-2100404
e-Meeting, January 25th – February 5th, 2021

Source:	vivo
Title:	Discussion on UE FG ambiguity in case of cross-carrier operation
Agenda Item:	7.1
Document for:	Discussion and Decision
1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In the case of cross-carrier operation, it is ambiguous on how to interpret some Rel-15 UE capabilities. There are three different interpretations to the UE capabilities in the case of cross-carrier operation.
Interpretation1: Support of this UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
Interpretation2: Support of this UE capability is based on the support of this capability for the band of the scheduling/triggering/indicating cell only.
Interpretation3: Support of this UE capability is based on the support of this capability for both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell.
The issue was discussed in the previous RAN1 meeting, and the following conclusions were reached during RAN1#103-e for some of the UE FGs [1].
	Agreement
Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on both the support of this capability for the band of the scheduled/triggered/indicated cell and the support of this capability for the band of the scheduling/triggering/indicating cell.
1. ue-SpecificUL-DL-Assignment
1. bwp-DiffNumerology / bwp-SameNumerology
Note: For bwp-DiffNumerology / bwp-SameNumerology, the supported number of BWPs for each band is still based on the indicated number for this band regardless of whether it is a scheduling cell or scheduled cell.
Send an LS to RAN2 to inform the above RAN1 agreement. The LS is endorsed in R1-2009623.



In this contribution, we provide our view on this issue for the remaining UE capability, i.e., pdcch-MonitoringAnyOccasionsWithSpanGap.

2. Discussion 
The pdcch-MonitoringAnyOccasionsWithSpanGap capability is introduced to indicate whether and how the UE supports PDCCH monitoring in multiple spans of a slot, as shown below [2].
	pdcch-MonitoringAnyOccasionsWithSpanGap
Indicates whether the UE supports PDCCH search space monitoring occasions in any symbol of the slot with minimum time separation between two consecutive transmissions of PDCCH with span up to two OFDM symbols for two OFDM symbols or span up to three OFDM symbols for four and seven OFDM symbols. Value set1 indicates the supported value set (X,Y) is (7,3), value set2 indicates the supported value set (X,Y) is (4,3) and (7,3) and value set 3 indicates the supported value set (X,Y) is (2,2), (4,3) and (7,3).
	FS
	No
	N/A
	N/A



2.1. Cross-carrier scheduling with same SCS
Similar as the FGs of ue-SpecificUL-DL-Assignment and bwp-DiffNumerology/bwp-SameNumerology, Interpretation3 can be applied together with the UE FG crossCarrierScheduling-SameSCS to determine whether UE support span-based PDCCH monitoring for cross-carrier scheduling among bands. For example, in a reported BC (band combination) {A, B, C}, if crossCarrierScheduling-SameSCS is reported for both band A and B, but pdcch-MonitoringAnyOccasionsWithSpanGap is reported for only one of the bands, span-based PDCCH monitoring is not supported in case of cross-carrier scheduling between band A and B. It is supported only if the FG pdcch-MonitoringAnyOccasionsWithSpanGap is reported for both bands.
On the other hand, the supported span configuration (i.e., set1, set2, or set3) is determined according to Interpretation2, i.e., the value reported for the band of the scheduling cell. 
[bookmark: _Ref37170876]Proposal 1: In case of cross-carrier operation with same SCS (i.e., crossCarrierScheduling-SameSCS is reported), the support of UE capability pdcch-MonitoringAnyOccasionsWithSpanGap is reported for both bands of the scheduled and the scheduling cells (i.e., Interpretation3), while the supported span set is determined by the band of the scheduling cell (i.e., Interpretation2).

2.2. [bookmark: _Ref37170879]Cross-carrier scheduling with mix SCSs
The above approach does work for Rel-15, because only cross-carrier scheduling with same SCS is supported in Rel-15. However, from Rel-16, cross-carrier scheduling with mix SCSs is supported. The support of FG pdcch-MonitoringAnyOccasionsWithSpanGap is depending on the report of FG crossCarrierSchedulingDL-DiffSCS-r16/crossCarrierSchedulingUL-DiffSCS-r16, and the principle like the case with crossCarrierScheduling-SameSCS may also be applied.
For example, a UE would like to support mini-slot based scheduling from FR1 to FR2, which is probably a typical FR2 operation, should report the following UE capabilities:
· band combination {A, B}, where A is a FR1 band and B is a FR2 band,
· crossCarrierSchedulingDL-DiffSCS-r16 with value of low-to-high, for cross-carrier scheduling from lower SCS to higher SCS
· pdcch-MonitoringAnyOccasionsWithSpanGap for both bands A and B, for indicating the support of span-based PDCCH monitoring in case of cross-carrier scheduling
Although it does work for the intended scenario, it forces the UE to support span-based PDCCH monitoring in FR2 band, for both self-scheduling and intra FR2 band cross-carrier scheduling. Such coupling is not desirable as span-based PDCCH monitoring in FR2 is not a day-one FR2 operation nor an implementation-friendly feature to UE, thus it would probably delay the deployment of FR1-to-FR2 cross-carrier scheduling. 
There are three possible solutions:
1. Introduce a new UE capability to indicate the support of span-based monitoring in case of cross-carrier scheduling with mix SCSs.
2. Apply Interpretation2 to pdcch-MonitoringAnyOccasionsWithSpanGap if it is reported together with crossCarrierSchedulingDL-DiffSCS-r16/crossCarrierSchedulingUL-DiffSCS-r16, i.e., in the above example, pdcch-MonitoringAnyOccasionsWithSpanGap is reported only for the band of scheduling cell (i.e., band A).
3. Apply Interpretation3 to pdcch-MonitoringAnyOccasionsWithSpanGap in case of cross-carrier scheduling with mix SCSs, but reinterpret the meaning if the value of low-to-high is reported. More specifically, if pdcch-MonitoringAnyOccasionsWithSpanGap is reported for a set of bands in a BC where low-to-high is reported for cross-carrier scheduling, only those indicated bands in FR1 (or alternatively, bands configured with 15kHz or 30kHz) actually support span-based PDCCH monitoring.
None of the solutions is ideal. The first one, although is clearer, requires RRC changes for a new UE capability. The second one may be a little confusing as different interpretations are applied in different cases. The third one makes the interpretation very complicated and difficult to understand. Considering the cons and pros, the second solution seems to be acceptable.
[bookmark: _Ref53408156]Proposal 2: In case of cross-carrier operation with mix SCSs SCS (i.e., crossCarrierSchedulingDL-DiffSCS-r16/crossCarrierSchedulingUL-DiffSCS-r16 is reported for the BC), the support of UE capability pdcch-MonitoringAnyOccasionsWithSpanGap is reported for the band of the scheduling cells (i.e., Interpretation2).

3. Conclusion
In the contribution, we provide our view on some UE capabilities in case of cross-carrier operation with the following proposals:
Proposal 1: In case of cross-carrier operation with same SCS (i.e., crossCarrierScheduling-SameSCS is reported), the support of UE capability pdcch-MonitoringAnyOccasionsWithSpanGap is reported for both bands of the scheduled and the scheduling cells (i.e., Interpretation3), while the supported span set is determined by the band of the scheduling cell (i.e., Interpretation2).
[bookmark: _GoBack]Proposal 2: In case of cross-carrier operation with mix SCSs SCS (i.e., crossCarrierSchedulingDL-DiffSCS-r16/crossCarrierSchedulingUL-DiffSCS-r16 is reported for the BC), the support of UE capability pdcch-MonitoringAnyOccasionsWithSpanGap is reported for the band of the scheduling cells (i.e., Interpretation2).
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