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After extensive discussion in RAN1#102-e and RAN1#103-e meeting, most of Rel-15 UE features with potential ambiguity issue in case of cross-carrier operation have been clarified [1] [2]. The corresponding conclusion/agreements reached during these two meetings are as following.
	Conclusion (RAN1#102e)
· Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· aperiodicTRS
· beamSwitchTiming
· 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.
· crossCarrierScheduling-SameSCS

Agreement (RAN1#103e)
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.




RAN2 has already updated Section Annex A.5 of TS38.306 to reflect the above conclusion/agreements (copied below).

	Annex A.5:	General differentiation of capabilities in Cross-Carrier operation
Annex A.5 specifies for which multiple serving cells a UE supporting cross-carrier operation shall support a feature/capability for which it indicates support within the capability signalling.
A UE that indicates support for cross-carrier operation in CA (e.g. MCG or SCG):
-	For the fields for which the UE is allowed to indicate different support for different bands, the UE shall support the feature on the PCell and/or SCell(s) in cross-carrier operation, as specified in tables A.5-1 in accordance to the following rules:
-	Triggered serving cell: the UE shall support the feature if the UE indicates support of the feature for the band of the scheduled/triggered/indicated serving cell;
-	Triggering&Triggered serving cells: UE shall support the feature if the UE indicates support of the feature for the band of both the scheduling/triggering/indicating serving cell and the scheduled/triggered/indicated serving cell;
Table A.5-1: General UE capabilities for which differentiation is allowed
	UE-NR-Capability
	Classification

	aperiodicTRS 
	Triggered serving cell

	beamSwitchTiming 
	Triggered serving cell

	bwp-DiffNumerology (NOTE 1)
	Triggering&Triggered serving cells

	bwp-SameNumerology (NOTE 1)
	Triggering&Triggered serving cells

	crossCarrierScheduling-SameSCS
	Triggering&Triggered serving cells

	ue-SpecificUL-DL-Assignment
	Triggering&Triggered serving cells

	NOTE 1:	For bwp-DiffNumerology and 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.


 




There is still one UE capability remains unclarified, i.e., pdcch-MonitoringAnyOccasionsWithSpanGap. In this contribution, we provide our analysis and proposal for it.
Discussion
As also summarized in the moderator’s summary [3], basically, there are three different interpretations as shown below to interpret the UE capabilities with such ambiguity issue. In the following discussion in this paper, we use the Interpretation1, Interpretation2 and Interpretation3 to clarify this ambiguity issue.
	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 description of pdcch-MonitoringAnyOccasionsWithSpanGap from TS38.306 is as below.
	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



The corresponding UE feature description is as below.
	3-5b
	 All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
	PDCCH monitoring occasions of FG-3-1, plus additional  PDCCH monitoring occasion(s) can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions belonging to different spans, where at least one of them is not the monitoring occasions of FG-3-1, in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols of a slot. Spans do not overlap. Every span is contained in a single slot. The same span pattern repeats in every slot. The separation between consecutive spans within and across slots may be unequal but the same (X, Y) limit must be satisfied by all spans.  Every monitoring occasion is fully contained in one span. In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion, b(l)=0 otherwise. The first span in the span pattern begins at the smallest l for which b(l)=1. The next span in the span pattern begins at the smallest l not included in the previous span(s) for which b(l)=1. The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration. A particular PDCCH monitoring configuration meets the UE capability limitation if the span arrangement satisfies the gap separation for at least one (X, Y) in the UE reported candidate value set in every slot, including cross slot boundary.
For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
The number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG-3-1, is no more than floor(14/X) (X is minimum among values reported by UE).
The number of different start symbol indices of PDCCH monitoring occasions per slot including PDCCH monitoring occasions of FG-3-1, is no more than 7.
The number of different start symbol indices of PDCCH monitoring occasions per half-slot including PDCCH monitoring occasions of FG-3-1 is no more than 4 in SCell.



Basically, there are two different views from different perspective. 
On one hand, it seems this FG is about UE capability on PDCCH monitoring and PDCCH reception and has nothing to do with the scheduled cell. Besides, cross-carrier operation for pdcch-MonitoringAnyOccasionsWithSpanGap only happens when cross-carrier scheduling is configured. UE can already control the scheduling cell and scheduled cell by the FG for cross-carrier scheduling (crossCarrierScheduling-SameSCS). From this perspective, Interpretation 2 seems to be the reasonable solution.
[bookmark: _GoBack]On the other hand, UE vendors argued that this FG involves both the scheduling cell and the scheduled cell. If Interpretation 2 is adopted, UE can’t control the number of scheduled cells supporting scheduling via FG3-5b. For example, assuming that UE reports band combination Band A + Band B + Band C, if UE supports cross-carrier scheduling via FG3-5b from Band A to Band B, but it cannot support cross-carrier scheduling via FG3-5b from Band A to Band B + Band C. Then, in this case, UE has to under report its capability. From this perspective, Interpretation 3 seems to be the reasonable solution. One concern about Interpretation 3 is that, in case of cross-carrier scheduling from FR1 to FR2 via this FG3-5b, UE has to support FG3-5b for both FR1 carrier and FR2 carrier, which makes it more difficult for UEs to implement this feature.
Proposal 1: 
· RAN1 adopts Interpretation2 or Interpretation3 for pdcch-MonitoringAnyOccasionsWithSpanGap to clarify the ambiguity issue in case of cross-carrier operation.
· Note: For pdcch-MonitoringAnyOccasionsWithSpanGap, UE needs to indicate the supported set (set1, set2 or set 3) for each band individually and the supported set is determined by the scheduling cell.

Conclusion
In this contribution, we present discussion and analysis on Rel-15 UE features with potential ambiguity issue in case of cross-carrier operation. The following proposal is made.
Proposal 1: RAN1 adopts Interpretation2 or Interpretation3 for pdcch-MonitoringAnyOccasionsWithSpanGap to clarify the ambiguity issue in case of cross-carrier operation.
· Note: For pdcch-MonitoringAnyOccasionsWithSpanGap, UE needs to indicate the supported set (set1, set2 or set 3) for each band individually and the supported set is determined by the scheduling cell.
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