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Introduction
In this contribution, we will discuss the interpretation of remaining UE features with cross-band cross-carrier operation. For the basic UE features defined in Rel-15, it is unclear how the UE capability should be interpreted when the scheduling and scheduled cells are in different bands with potentially different signaling reports. In recent RAN1 meetings, clarifications have been made to a few features in similar conditions. 
Background
In RAN1 #102-e and RAN1 #103e ([1][2]), interpretation of a few Rel-15 UE capabilities were clarified for the cross-band cross-carrier operations
· aperiodicTRS
· beamSwitchTiming
· crossCarrierScheduling-SameSCS
· ue-SpecificUL-DL-Assignment
· bwp-DiffNumerology / bwp-SameNumerology
In RAN1 #103e, interoperation of the Rel-16 feature “Processing up to X unicast DCI scheduling for DL per scheduled CC” and “Processing up to X unicast DCI scheduling for UL per scheduled CC” was clarified.
There can be three different interoperations for these cross-band cross-carrier operations:
	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.


For five of the seven features above, interpretation 3 has been taken where the feature requires major implementation efforts on both the scheduled/triggered/indicated cell and the scheduling/triggering/indicating cell. Compared to interpretations 1 and 2, interpretation 3 has the advantage of allowing the UE to fully control its support for the feature for the cross-carrier scenario. For example, if the UE only supports the “crossCarrierScheduling-SameSCS” within a single band, it is not forced to support this feature between two bands if the UE does not support the feature in the other band. This has better backward compatibility because the UE does not need to disable the feature for any band just because it cannot support the feature in the cross-band scenario that involves this band. Previous agreements are attached below for the features above. 
	[RAN1 #102-e]
Conclusion
· 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
[RAN1 #103-e]
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.
Agreements:
· 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 both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell.
· FG18-5c/5d
· If reported value of X in FG18-5c/5d is different between the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell, the value of X reported for the scheduling/triggering/indicating cell is applied.

	18-5c
	Processing up to X unicast DCI scheduling for DL per scheduled CC
	Processing up to X unicast DCI scheduling for DL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC
	…
	This FG is only applicable to the basic PDCCH monitoring capability 3-1
Regarding the interpretation of UE capabilities in case of cross-carrier operation, support of 18-5c 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
· If reported value of X in FG18-5c is different between the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell, the value of X reported for the scheduling/triggering/indicating cell is applied.

	18-5d
	Processing up to X unicast DCI scheduling for UL per scheduled CC
	Processing up to X unicast DCI scheduling for UL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC
	…
	This FG is only applicable to the basic PDCCH monitoring capability 3-1
Regarding the interpretation of UE capabilities in case of cross-carrier operation, support of 18-5d 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
· If reported value of X in FG18-5d is different between the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell, the value of X reported for the scheduling/triggering/indicating cell is applied.






Multi-span PDCCH monitoring for cross-carrier scheduling
The Rel-15 feature pdcch-MonitoringAnyOccasionsWithSpanGap has the similar issue when it is involved in the cross-band cross-carrier scheduling operation. The specification texts are attached below from TS 38.306 and TS 38.822 ([3][4]). Note that Rel-16 FG 18-5c/d can serve a similar purpose but is only applicable to the basic PDCCH monitoring capability 3-1. Both Rel-15 FG 3-5b and Rel-16 FG 18-5c/d allow the UE to monitor PDCCHs for the scheduling of multiple PDSCHs of the scheduled cell
· With FG 3-5b, the UE monitors PDCCH in multiple spans in a slot but the maximum number of scheduling DCIs is limited to 1 or 2
· With FG 18-5c/d, the UE monitors an increased number of scheduling DCIs per span in each slot within a single span

	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



	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.


For some cross-carrier scheduling features, the UE is required to put similar efforts on both cells for the decoding of the scheduling PDCCH and the scheduled PDSCH. For this reason, it is necessary for the UE to report the support for both cells if the UE wants to support the feature in the cross-carrier scheduling scenario. Based on this, it was agreed that support of FG 18-5c/d is based on the support of this capability for both the band of the scheduled cell and the band of the scheduling cell. For the same reason for FG 3-5b, it is reasonable the similar rule, i.e., interpretation should be taken. 
When the supported value set of (X, Y) for FG 3-5b is different between the band of the scheduled cell and the band of the scheduling cell, there are two options 
· Option 1: the value set for the scheduling cell is applied
· Option 2: the value set for the scheduled cell is applied
It should be also noted that FG 3-5b is mainly useful for the cross-carrier scheduling with the same SCS. For cross-carrier scheduling with a higher SCS of the scheduling cell than the scheduled cell, the basic FG 3-1 can already support mini-slot based data scheduling of the scheduled cell slot. For cross-carrier scheduling with a lower SCS of the scheduling cell than the scheduled cell, the Rel-16 FG 18-5c/d can be used to increase the number of scheduling PDCCHs even though the UE does not support the FG 3-5b in the cross-carrier scenario. This is actually the main purpose to define Rel-16 FG 18-5c/d when FG 3-5b exists. This is shown the figures below.
[image: ]
[bookmark: o1]Observation 1: FG 3-5b is mainly useful for the cross-carrier scheduling scenario with the same SCS between the scheduling and scheduled cells. For different SCS cases
· If the scheduling cell has a higher SCS than the scheduled cell, the Rel-15 single span UE capability FG 3-1 can already support scheduling multiple TBs in the same scheduled cell slot
· If the scheduling cell has a lower SCS than the scheduled cell, the Rel-16 single span UE capability FG 18-5c/d was defined to schedule multiple TBs by PDCCHs from the same scheduling cell slot.
As a PDCCH feature, we slightly prefer option 1 over option 2 above for FG 3-5b. Besides, option 1 is also assumed by FG 18-5c/d. Based on these we have the following proposal:
[bookmark: p1]Proposal 1: Regarding the interpretation of UE capabilities in case of cross-carrier operation, support of FG 3-5b (pdcch-MonitoringAnyOccasionsWithSpanGap) is based on the support of this capability for both the band of the scheduled cell and the band of the scheduling cell. If reported value set (X, Y) in FG 3-5b is different between the band of the scheduled cell and the band of the scheduling cell, the value set (X, Y) reported for the scheduling cell is applied.
Conclusion
In this contribution, we discussed the interpretation of the cross-carrier cross-band support of Rel-15 FG 3-5b and have the following observation and proposal
Observation 1: FG 3-5b is mainly useful for the cross-carrier scheduling scenario with the same SCS between the scheduling and scheduled cells. For different SCS cases
· If the scheduling cell has a higher SCS than the scheduled cell, the Rel-15 single span UE capability FG 3-1 can already support scheduling multiple TBs in the same scheduled cell slot
· If the scheduling cell has a lower SCS than the scheduled cell, the Rel-16 single span UE capability FG 18-5c/d was defined to schedule multiple TBs by PDCCHs from the same scheduling cell slot.

Proposal 1: Regarding the interpretation of UE capabilities in case of cross-carrier operation, support of FG 3-5b (pdcch-MonitoringAnyOccasionsWithSpanGap) is based on the support of this capability for both the band of the scheduled cell and the band of the scheduling cell. If reported value set (X, Y) in FG 3-5b is different between the band of the scheduled cell and the band of the scheduling cell, the value set (X, Y) reported for the scheduling cell is applied.
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