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Introduction
In this paper, we discuss the remaining issues on Rel-16 NR unlicensed wideband operations and propose some modifications to 38.213.       
LBT bandwidth (RB set) availability indication 
Regarding the indication of availability of LBT bandwidths (i.e. RB sets), the following has been specified in 38.213 [1]. 
	[bookmark: _Hlk30688960]11.1.1  UE procedure for determining slot format
…
For each serving cell in the set of serving cells, the UE can be provided: 
· …
· a location of a bitmap in DCI format 2_0, having a one-to-one mapping with a set of RB sets [6, TS 38.214] of the serving cell, where a value of ‘0’ indicates that an RB set is available for receptions and a value of ‘1’ indicates that an RB set is not available for receptions, by availableRB-SetPerCell-r16, and the bitmap in DCI format 2_0. The RB set remains available or unavailable until the end of the indicated channel occupancy duration.
· …



[bookmark: _Hlk32238257]However, the UE behaviour is undefined over the unavailable LBT bandwidths, e.g. UE is expected to skip PDCCH monitoring or keep monitoring PDCCH? In our opinion, since it is already specified that the “RB sets remains available or unavailable until the end of the indicated channel occupancy duration”, it makes sense to let UE skip any reception over the unavailable LBT bandwidths. Therefore, we make the following TP:

	For each serving cell in the set of serving cells, the UE can be provided: 
· …
· a location of a bitmap in DCI format 2_0, having a one-to-one mapping with a set of RB sets [6, TS 38.214] of the serving cell, where a value of ‘0’ indicates that an RB set is available for receptions and a value of ‘1’ indicates that an RB set is not available for receptions, by availableRB-SetPerCell-r16, and the bitmap in DCI format 2_0. The RB set remains available or unavailable until the end of the indicated channel occupancy duration. UE is not required to receive DL signals/channels over the unavailable RB set. 
· …



[bookmark: _Hlk32238579]Multiple frequency monitoring locations for a search space set 
[bookmark: _Hlk32238613]In NR-U wideband operation, it has been agreed some meetings ago that one search space set can be duplicated into multiple frequency monitoring locations, each confined within one LBT bandwidth. Furthermore, some signal details were agreed in RAN1#99 as the following agreement.
	Agreement:
For a search space set configuration with multiple monitoring locations in the frequency domain,
· Within the SearchSpace IE, the agreed RRC parameter freqMonitorLocations-r16 provides a bitmap (where the first bit in the bitmap corresponds to the first RB set in the BWP, and the second bit corresponds to the second RB set, and so on). For a RB set indicated in the bitmap, the first PRB of the frequency domain monitoring location confined within the RB set is aligned with {the first PRB of the RB set + rb-Offset provided by the associated CORESET configuration}.
· The frequency domain resource allocation pattern for each monitoring location is determined based on the first A bits in frequencyDomainResources provided by the associated CORESET configuration, where A = floor({the number of available PRBs in the first RB set (accounting for rb-Offset) for the BWP}/6).




However, the parameter freqMonitorLocations-r16 has not been captured in 38.213. Nokia pointed out the issue when commenting the draft 38.213. However, the spec editor has the opinion that this could be captured in 38.331. We think in both places this should be captured. In current 38.213 section 10.1 when defining the search space set, we make the following TP:
	For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with [image: ] search space sets where, for each search space set from the [image: ] search space sets, the UE is provided the following by SearchSpace: 
-	a search space set index [image: ], [image: ], by searchSpaceId 
-	an association between the search space set [image: ] and a CORESET [image: ] by controlResourceSetId 
-	a PDCCH monitoring periodicity of [image: ] slots and a PDCCH monitoring offset of [image: ] slots, by monitoringSlotPeriodicityAndOffset
-	a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH monitoring, by monitoringSymbolsWithinSlot 
-   a PDCCH frequency monitoring pattern within the BWP, indicating one or more RB sets within which the CORESET is monitored, by freqMonitorLocations-r16 
-	a duration of [image: ] slots indicating a number of slots that the search space set [image: ] exists by duration 
-	a number of PDCCH candidates [image: ] per CCE aggregation level [image: ] by aggregationLevel1, aggregationLevel2, aggregationLevel4, aggregationLevel8, and aggregationLevel16, for CCE aggregation level 1, CCE aggregation level 2, CCE aggregation level 4, CCE aggregation level 8, and CCE aggregation level 16, respectively
-	an indication that search space set [image: ] is either a CSS set or a USS set by searchSpaceType 
-	if search space set [image: ] is a CSS set 
-	an indication by dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI format 0_0 and DCI format 1_0 
-	an indication by dci-Format2-0 to monitor one or two PDCCH candidates for DCI format 2_0 and a corresponding CCE aggregation level
-	an indication by dci-Format2-1 to monitor PDCCH candidates for DCI format 2_1
-	an indication by dci-Format2-2 to monitor PDCCH candidates for DCI format 2_2
-	an indication by dci-Format2-3 to monitor PDCCH candidates for DCI format 2_3
-	an indication by dci-Format2-4 to monitor PDCCH candidates for DCI format 2_4
-	an indication by dci-Format2-6 to monitor PDCCH candidates for DCI format 2_6
-	if search space set [image: ] is a USS set, an indication by dci-Formats to monitor PDCCH candidates either for DCI format 0_0 and DCI format 1_0, or for DCI format 0_1 and DCI format 1_1, or an indication by dci-Formats-Rel16 to monitor PDCCH candidates for DCI format 0_0 and DCI format 1_0, or for DCI format 0_2 and DCI format 1_2, or, if a UE indicates a corresponding capability, for DCI format 0_1, DCI format 1_1, DCI format 0_2, and DCI format 1_2, or for DCI format 3_0, or for DCI format 3_1, or for DCI format 3_0 and DCI format 3_1 





Allocation of number of PDCCH candidates in search space set configuration 
In current spec, the number of PDCCH candidates per aggregation level is assigned in a search space set configuration as shown in the previous section. However, it is unclear in case that a search space set has multiple frequency monitoring locations, how the number of PDCCH candidates is allocated among the multiple frequency monitoring locations.
In the previous meeting, two alternatives have been identified [2], but there is no conclusion due to lack of the meeting time. The two alternatives are recapped in the following:
· Alt 1: The number of PDCCH candidates is assigned for each monitoring location. For instance, if nrofCandidates for aggregation level 1 is configured to 4 and this search space set has 2 frequency monitoring locations, then 4 nrofCandidates for aggregation level 1 is assigned to the first monitoring location and 4 nrofCandidates for aggregation level 1 is assigned to the second monitoring location.
· Alt 2: The number of PDCCH candidates is distributed evenly to each monitoring location. For instance, if nrofCandidates for aggregation level 1 is configured to 4 and this search space set has 2 frequency monitoring locations, then 2 nrofCandidates for aggregation level 1 is assigned to the first monitoring location and 2 nrofCandidates for aggregation level 1 is assigned to the second monitoring location.
As captured in [2], there was no company supporting Alt 2. Therefore, RAN1 can conclude this issue in this meeting. If concluded, we propose to capture the following text in 38.213 
 
	…
If the monitoringSymbolsWithinSlot indicates to a UE to monitor PDCCH in a subset of up to three consecutive symbols that are same in every slot where the UE monitors PDCCH for all search space sets, the UE does not expect to be configured with a PDCCH SCS other than 15 kHz if the subset includes at least one symbol after the third symbol. 
If freqMonitorLocations-r16 indicates to a UE to monitor the search space set over multiple RB sets, the number of PDCCH candidates [image: ]is assigned to each RB set.
A UE does not expect to be provided a first symbol and a number of consecutive symbols for a CORESET that results to a PDCCH candidate mapping to symbols of different slots.
…



Conclusion
Based on the discussion, we have the following TP for 38.213: 
[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with [image: ] search space sets where, for each search space set from the [image: ] search space sets, the UE is provided the following by SearchSpace: 
-	a search space set index [image: ], [image: ], by searchSpaceId 
-	an association between the search space set [image: ] and a CORESET [image: ] by controlResourceSetId 
-	a PDCCH monitoring periodicity of [image: ] slots and a PDCCH monitoring offset of [image: ] slots, by monitoringSlotPeriodicityAndOffset
-	a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH monitoring, by monitoringSymbolsWithinSlot 
-   a PDCCH frequency monitoring pattern within the BWP, indicating one or more RB sets within which the CORESET is monitored, by freqMonitorLocations-r16 
-	a duration of [image: ] slots indicating a number of slots that the search space set [image: ] exists by duration 
-	a number of PDCCH candidates [image: ] per CCE aggregation level [image: ] by aggregationLevel1, aggregationLevel2, aggregationLevel4, aggregationLevel8, and aggregationLevel16, for CCE aggregation level 1, CCE aggregation level 2, CCE aggregation level 4, CCE aggregation level 8, and CCE aggregation level 16, respectively
-	an indication that search space set [image: ] is either a CSS set or a USS set by searchSpaceType 
-	if search space set [image: ] is a CSS set 
-	an indication by dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI format 0_0 and DCI format 1_0 
-	an indication by dci-Format2-0 to monitor one or two PDCCH candidates for DCI format 2_0 and a corresponding CCE aggregation level
-	an indication by dci-Format2-1 to monitor PDCCH candidates for DCI format 2_1
-	an indication by dci-Format2-2 to monitor PDCCH candidates for DCI format 2_2
-	an indication by dci-Format2-3 to monitor PDCCH candidates for DCI format 2_3
-	an indication by dci-Format2-4 to monitor PDCCH candidates for DCI format 2_4
-	an indication by dci-Format2-6 to monitor PDCCH candidates for DCI format 2_6
-	if search space set [image: ] is a USS set, an indication by dci-Formats to monitor PDCCH candidates either for DCI format 0_0 and DCI format 1_0, or for DCI format 0_1 and DCI format 1_1, or an indication by dci-Formats-Rel16 to monitor PDCCH candidates for DCI format 0_0 and DCI format 1_0, or for DCI format 0_2 and DCI format 1_2, or, if a UE indicates a corresponding capability, for DCI format 0_1, DCI format 1_1, DCI format 0_2, and DCI format 1_2, or for DCI format 3_0, or for DCI format 3_1, or for DCI format 3_0 and DCI format 3_1 
If the monitoringSymbolsWithinSlot indicates to a UE to monitor PDCCH in a subset of up to three consecutive symbols that are same in every slot where the UE monitors PDCCH for all search space sets, the UE does not expect to be configured with a PDCCH SCS other than 15 kHz if the subset includes at least one symbol after the third symbol.
If freqMonitorLocations-r16 indicates to a UE to monitor the search space set over multiple RB sets, the number of PDCCH candidates [image: ]is assigned to each RB set. 
A UE does not expect to be provided a first symbol and a number of consecutive symbols for a CORESET that results to a PDCCH candidate mapping to symbols of different slots.
< Unchanged parts are omitted >

[bookmark: _Toc12021490][bookmark: _Toc20311602][bookmark: _Toc26719427][bookmark: _Toc29894863][bookmark: _Toc29899162][bookmark: _Toc29899580][bookmark: _Toc29917319]11.1.1	UE procedure for determining slot format
< Unchanged parts are omitted >
For each serving cell in the set of serving cells, the UE can be provided: 
-	an identity of the serving cell by servingCellId
-	a location of a SFI-index field in DCI format 2_0 by positionInDCI
-	a set of slot format combinations by slotFormatCombinations, where each slot format combination in the set of slot format combinations includes 
-	one or more slot formats indicated by a respective slotFormats for the slot format combination, and 
-	a mapping for the slot format combination provided by slotFormats to a corresponding SFI-index field value in DCI format 2_0 provided by slotFormatCombinationId
-	for unpaired spectrum operation, a reference SCS configuration [image: ] by subcarrierSpacing and, when a supplementary UL carrier is configured for the serving cell, a reference SCS configuration [image: ] by subcarrierSpacing2 for the supplementary UL carrier
-	for paired spectrum operation, a reference SCS configuration [image: ] for a DL BWP by subcarrierSpacing and a reference SCS configuration [image: ] for an UL BWP by subcarrierSpacing2
-	a location of a bitmap in DCI format 2_0, having a one-to-one mapping with a set of RB sets [6, TS 38.214] of the serving cell, where a value of '0' indicates that an RB set is available for receptions and a value of '1' indicates that an RB set is not available for receptions, by availableRB-SetPerCell-r16, and the bitmap in DCI format 2_0. The RB set remains available or unavailable until the end of the indicated channel occupancy duration. UE is not required to receive DL signals/channels over the unavailable RB set
-	a location and a length of a channel occupancy duration field in DCI format 2_0, by CO-DurationPerCell-r16, that indicates a remaining channel occupancy duration for the serving cell starting from a slot where the UE detects the DCI format 2_0 by providing a value from CO-DurationList-r16. If CO-DurationPerCell-r16 is not provided, the remaining channel occupancy duration for the serving cell is a number of slots, starting from a slot where the UE detects the DCI format 2_0, that the SFI-index field value provides corresponding slot formats
-	a location of a search space set group switching field in DCI format 2_0, by SearchSpaceSwitchTrigger-r16, that indicates a group from two groups of search space sets for PDCCH monitoring for scheduling on the serving cell as described in Clause 10.4.
< Unchanged parts are omitted >
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