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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In this paper, we discuss the necessary corrections on the procedure for UE to monitor PDCCH and GC-PDCCH defined in section 10.1, 10.4 and 11.1.1 of TS38.213 v16.0.0 [1] based on the agreement achieved during NR-U Rel-16 WI [2].  We further discuss solutions to the pending issues not solved in WI, such as PDCCH candidate allocation in multiple monitoring locations case and RB set indication for COT with multiple switch points. In the Appendix, the text proposal corresponding to the corrections and technical discussion are highlighted with change marks.
[bookmark: OLE_LINK13][bookmark: OLE_LINK36]CORESET and search space configuration
rbOffset-r16
In RAN1#99 the following agreement and conclusion were reached. 
Agreement:
For the frequency domain resource allocation that is provided with frequencyDomainResources in CORESET configuration,
· Introduce a new RRC parameter rb-Offset (with the value range of 0,1,…,5) in ControlResoureSet IE.
· If rb-Offset is not configured, rb-Offset is 0
· The bits of the 45-bit bitmap frequencyDomainResources have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order of the PRB index in the BWP with the starting PRB position as {the first PRB index in the BWP + rb-Offset} for a CORESET.
· FFS: For multi-cluster CORESET configuration, rb-Offset also applies to the RB offset between the starting PRB index of the first 6 PRB group and the first PRB index in each RB set. Full 6 PRB groups are counted till the end of the RB set. The bits in frequencyDomainResources sequentially maps to the 6 RB groups in all RB sets in the BWP.
· Note: Cluster above implies a group of resource blocks that are not contiguous in frequency

Conclusion:
For a legacy CORESET configuration, the UE can expect to process PDCCH as per Rel-15 behaviour
In the agreement, it is said “If rb-Offset is not configured, rb-Offset is 0”, i.e. the first PRB of the first group of 6 consecutive RBs has CRB index of . However, the conclusion states UE should follow Rel-15 behavior when rb-Offset is not configured, i.e. the first PRB of the first group of 6 consecutive RBs has CRB index of  .  Considering the contradiction between the agreement and conclusion, we would suggest to follow the Conclusion and remove the sub bullet of “If rb-Offset is not configured, rb-Offset is 0” in the above agreement. If gNB hope to configure CORESET starting from BWP boundary, indicate rb-Offset=0 explicitly. 
Proposal 1: Remove the sub bullet of “If rb-Offset is not configured, rb-Offset is 0” in the above agreement. If gNB hope to configure CORESET starting from BWP boundary, indicate rb-Offset=0 explicitly. Send an LS to RAN2 about the reversion. 
The following text was captured in the specification of TS38.213 v 16.0.0 section 10.1. 
[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
…
For each CORESET in a DL BWP of a serving cell, a respective frequencyDomainResources provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order of the PRB index in the DL BWP bandwidth of [image: ] PRBs with starting common RB position [image: ] where the first common RB of the first group of 6 PRBs has common RB index [image: ]. If rb-Offset is provided, the first group of 6 consecutive RBs has common RB index .
…
[bookmark: _Hlk504372411]According to the agreement, the parameter of rb-Offset should be provided in the ControlResourceSet together with other parameter such as frequencyDomainResources. The existing text mean all 6 consecutive RBs in the first group has the same CRB index of . The different RB should have different CRB index.  The CRB with index of  should be the first common RB of the first group of 6 consecutive RB. 
Observation 1: The description on rb-Offset in the TS38.213 section 10.1 is misleading.  is the CRB index of first RB in the first group of 6 consecutive RBs in the BWP available for CORESET configuration.
There was FFS on whether allowing rb-Offset when multi-cluster CORESET is configured. The purpose of the rb-Offset is to increase available RB when CORESET is confined within LBT bandwidth/RB set.  If the multi-cluster CORSET is configured, the bandwidth of the CORESET is usually larger than the LBT bandwidth. Thus, we did not see the necessity to use rb-Offset for multi-cluster CORESET. 
Proposal 2: rb-Offset is only applied to single-cluster CORESET confined with LBT bandwidth/RB set. 
freqMonitorLocations-r16
In RAN1#99, it was agreed that 
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).
The agreement above was not included in the endorsed specification and should be added in section 10.1 of TS38.213 v16.0.0. The mapping of CCE within an RB set depends on the parameter of rbOffset-r16. Thus, the functionality of multiple monitoring locations should only applies to the CORESET with configuration of rbOffset-r16. As described in previous section, multi-cluster CORESET with LBT bandwidth does not provide additional benefit in frequency diversity. On the contrary, it will further restrict number of available CCE in a monitoring location. gNB should ensure bit “1” contiguous in the first A bits of frequencyDomainResources. 
Observation 2: The agreement on multiple monitoring locations in a search space is not reflector in the TS38.213.
Proposal 3：For the configuration of search space with multiple monitoring locations, the associated CORESET should be configured with rbOffset-r16. The bits “1” in the first A bits of frequencyDomainResources provided by the associated CORESET should be contiguous. 
The concept of multiple monitoring locations in frequency domain allows UE perform PDCCH blind detection on multiple LBT bandwidths without increasing number of CORESET configuration. gNB can transmit PDCCH on the any of monitoring location on available LBT bandwidth when UE is configured with wider BWP than LBT bandwidth. However, UE is usually required to monitor Type 0/0A/1/2 common search space in initial DL/UL BWP which has same bandwidth as LBT bandwidth. It is not necessary to be configured with multiple monitoring locations. 
Proposal 4: Search space with multiple monitoring locations only applies to Type 3 common search space and UE specific search space.
Allocation of PDCCH candidates for monitoring
In NR Rel-15, gNB configures the number of monitored PDCCH candidates (nrofCandidates and nrofCandidates-SFI) in the IE of SearchSpace for each search space. When multiple monitoring locations are configured for a search space, the number of monitored PDCCH candidates configured should be clarified. In order to make full use of CCE in a monitoring location, we propose to interpret nrofCandidates and nrofCandidates-SFI as the number of monitored PDCCH candidates in a monitoring location. 
When counting on the number of allocated PDCCH candidates and non-overlapped CCE, the UE subtracts the number of PDCCH candidates and non-overlapped CCEs per search space in ascending order of search space ID. In Rel-15, UE would drop the whole search space when the number of allocated PDCCH candidate or non-overlapped CCE exceed maximum number. If a search space has multiple monitoring locations, UE will subtract PDCCH candidate and non-overlapped CCE per monitoring location in ascending order of RB set where monitoring location is. UE drops the PDCCH blind detection in the rest of monitoring location(s) and search space(s). 
Proposal 5: For search space associated with CORESET with multiple monitoring locations in frequency domain, “nrofCandidates” and “nrofCandidates-SFI” applies per monitoring location. UE can drop PDCCH BD per monitoring location in a search space. 

COT structure indication in DCI format 2_0 
Available RB set indication
In TS 38.213 v16.0.0 section 11.1.1, the following text described the behavior of available RB set indication.
· 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
In TS 38.212 v16.0.0 section 7.3.1.3.1, the Available RB set Indicator was introduced in DCI format 2_0 to indicate the availability of RB set(s) for a specific serving cell.
-	If the higher layer parameter availableRB-SetPerCell-r16 is configured, 
-	Available RB set Indicator 1, Available RB set Indicator 2, …, Available RB set Indicator N1, 
The “bitmap in DCI format 2_0” should be replaced with a unified terminology as “Available RB set Indicator” in TS38.212 in order to keep the consistence between specifications. 
Observation 3: The terminology on the bitmap/Available RB set Indicator in TS38.213 and TS38.212 should be aligned. 
According to the agreements and conclusions in WI, it is not clear how UE determines the number of bits for an Available RB set Indicator field. Following the similar way as SFI-index field in DCI format 2_0, a UE could determine the number of bit for an Available RB set Indicator field for a serving cell by , where  is the number of RB set, defined in [3], derived from the configuration of intra cell guard band by intraCellGuardBandDL-r16. The number of Available RB set Indicator fields can be same that of SFI-index fields considering same set of serving cells, i.e. N1=N.
Proposal 6: UE determines the number of bits of an Available RB set Indicator field according to the number of RB set in a serving cell. The number of Available RB set Indicator fields in DCI format 2_0 should be same as that of SFI-index fields. 
In RAN1#99, RAN1 reach following agreement. 
Agreement:
The indication of available LBT bandwidth is valid until the end of the determined channel occupancy. 
It is only valid when there is one switch point within the channel occupancy time. If there are more than one switch points, UE should expect gNB update Available RB set Indicator field at each Downlink burst immediately following a CAT2 LBT performed by gNB. Otherwise, UE will either perform unnecessary PDCCH detection or incorrectly switch CAT4 LBT to CAT2 LBT before uplink transmission on the unavailable LBT bandwidth(s) within the COT. An example is provided in Figure 1..
Proposal 7: When there are multiple switch points within a COT, the indication of available LBT bandwidth/RB set is valid until next UL/DL switch point, where gNB is required to perform CAT2 LBT.
[image: ]
[bookmark: _Ref32326977]Figure 1  Availability of RB set in a COT
In RAN1#99, the following agreement was reached.
Agreement:
· UE determines if a Cat 4 UL transmission can be switched to Cat 2 LBT with 25 us duration within a gNB initiated COT in indicated available LBT bandwidths, based on the indicated remaining channel occupancy duration.
· Note: If UEs with configured grant UL transmissions may apply the switch to Cat. 2, the gNB ensures that the COT is acquired using the highest CAPC
When gNB transmits Available RB Set Indicator immediately after LBT succeed, gNB will indicate all RB sets are not available due to lack of time to update the DCI content. According to the agreement, UE is not allowed to switch CAT4 LBT to CAT2 LBT in all RB sets even if on the RB set where DCI format 2_0 is detected.  In order to improve the efficiency of channel access, UE should be allowed to switch CAT4 LBT to CAT2 LBT on the same RB set(s) where DCI format 2_0 carrying available RB set indicator is detected when available RB set indicator indicate all RB set are not available for reception. 
Proposal 8: UE should be allowed to switch CAT4 LBT to CAT2 LBT on the same RB set(s) where DCI format 2_0 carrying available RB set indicator is detected when the available RB set indicators indicate all RB sets are not available for reception.
COT duration indication
In TS38.213 v16.0.0 section 11.1.1, the channel occupancy duration field in DCI format 2_0 is defined by following text. 
· 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
Correspondingly, the field is defined in TS 38.212 v 16.0.0 section 7.3.1.3.1
· If the higher layer parameter CO-DurationPerCell-r16 is configured
            -  COT duration indicator 1, COT duration indicator 2, …, COT duration indicator N2.
In RAN1#99, RAN1 agreed that
Agreement:
The UE can be configured with a set of up to [64] values for the COT duration. The COT duration bit field in DCI format 2_0 indicates the COT duration as an index to this set of values.
· The granularity of the duration is in units of OFDM symbols where the symbol duration is according to a configured reference sub-carrier spacing.
The number of bit (length) of a COT duration field in DCI format 2_0 is not necessary to be configured explicitly any more, although agreed in RAN1#98bis. Similar as SFI-index field, UE can determine the length from number of entries configured in higher layer signaling CO-DurationList-r16. Considering a UE can be configured a COT duration field per serving cell, the number of COT duration indicator fields in DCI format 2_0 should be same as that of SFI-index fields, i.e. N2=N. In [4], it is still pending to include a reference subcarrier spacing in configuration of COT duration indication. We think a separate configuration for reference subcarrier spacing for COT duration is not necessary. The parameter of subcarrierSpacing for SFI-index field can be shared.
Proposal 9: The number of bit (length) of COT duration indicator field is not necessary to be configured explicitly. The number of COT duration indicator field in DCI format 2_0 should be same as that of Slot Format indicator.

Monitoring group flag for search space set switch
In TS38.213 v16.0.0 section 11.1.1, the channel occupancy duration field in DCI format 2_0 is defined by following text. 
· 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.
Correspondingly, the field is defined in TS 38.212 v 16.0.0 section 7.3.1.3.1
-	If the higher layer parameter searchSpaceSwitching-r16 = "explicit"
-	Monitoring group flag 1, Monitoring group flag 2, …, Monitoring group flag [M].
The terminology on search space set group switching/Monitoring group flag should be aligned between TS38.213 and TS38.212.
Observation 4: The terminology on search space set group switching/Monitoring group flag should be aligned between TS38.213 and TS38.212.
There is no agreement on which type of search space set the switching mechanism can apply. In our previous submission [5], we proposed to support search space set switch for both Type-3 CSS and USS. UE could monitor DCI format 2_0 more frequently for COT structure indication in group#0 (outside COT) while reduce monitoring frequency in group#1 (inside COT) in order to save power.  
Proposal 10:  NRU should support search space set group switch for both Type-3 CSS and USS.
In RAN1#99, the following agreement was achieved. 
Agreement:
When a UE is configured with two groups of search space sets for PDCCH
· The presence of a monitoring group flag in DCI format 2_0 is configurable
· A timer is configured as a number of slots, which is decremented at the end of each slot.
· If the monitoring group flag is present in DCI format 2_0 (Note: Explicit switching between Group1 and Group2 and vice versa, plus implicit switching from Group2 to Group1) 
· If the flag = 1
· Switch to (or keep) monitoring Group2 at the next applicable slot boundary with respect to the detected DCI format 2_0
· The UE starts (or restarts) the configurable timer
· If the flag = 0
· Switch to (or keep) monitoring Group1 at the next applicable slot boundary with respect to the detected DCI format 2_0
· The UE switches from Group2 to Group1 at the earliest slot boundary that is at least P1 symbols after
· the end of the slot in which the timer expires, or
· an indicated COT duration is exceeded, whichever comes first
· If the monitoring group flag is not present in DCI format 2_0 (Note: Implicit switching between Group1 and Group2 and vice versa) 
· If any PDCCH in Group1 is successfully detected
· Switch from Group1 to Group2 at the next applicable slot boundary with respect to the detected PDCCH
· The UE starts (or restarts) the configurable timer if it receives any PDCCH 
· The UE switches from Group2 to Group1 at the earliest slot boundary that is at least P2 symbols after
· the end of the slot in which the timer expires, or
· an indicated COT duration is exceeded, whichever comes first
· If the UE does not monitor for DCI format 2_0 (Note: Implicit switching between Group1 and Group2 and vice versa) 
· If any PDCCH in Group1 is successfully detected
· Switch from Group1 to Group2 at the next applicable slot boundary with respect to the detected PDCCH 
· The UE starts (or restarts) the configurable timer if it receives any PDCCH 
· The UE switches from Group2 to Group1 at the earliest slot boundary that is at least P2 symbols after the end of the slot in which the timer expires
· The "next applicable slot boundary" is the earliest start of a slot that is at least P1/P2 symbols later than the last symbol of the corresponding PDCCH. P1 and P2 should be no less than the processing time required by the UE for performing search space switching.
· Search space switching is a new UE capability
· Processing time is fixed in the specification
· FFS: Whether P1 and P2 need to be different
· The groups of serving cells to which the above behaviour is applicable can be configured via RRC

The processing time for UE blind detect and parse DCI takes most of processing time required by the UE to switch search space set group. Similar capability defined for UE to response SPS PDSCH release can be taken as a baseline considering similar processing pipeline. According to TS38.213 v16.0.0A UE is expected to provide HARQ-ACK information in response to a SPS PDSCH release after [image: ] symbols from the last symbol of a PDCCH providing the SPS PDSCH release. If processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell with the PDCCH providing the SPS PDSCH release, [image: ] for [image: ], [image: ] for [image: ], and [image: ] for [image: ], otherwise, [image: ] for [image: ], [image: ] for [image: ], [image: ] for [image: ], and [image: ] for [image: ], wherein [image: ] corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH providing the SPS PDSCH release and the SCS configuration of a PUCCH carrying the HARQ-ACK information in response to a SPS PDSCH release.

For UE with HARQ capability 2, P1 =5 symbols for 15 kHz SCS, P1=5.5 symbols for 30 kHz SCS and P1=11 for 60 kHz SCS. For UE with HARQ capability 1, P1 =10 for 15 kHz SCS, P1 ==12 for 30 kHz SCS and P1=22 for 60 kHz. There is little difference between UE detect DCI format 2_0 and other DCI format, we do not see the necessity to have a different P2.
Proposal 11: The processing time required by the UE for performing search space switching, i.e P1 and P2 should be similar as that of SPS PDSCH release. P1 and P2 should be same.
According to the last bullet in the agreement, the search space set group switching may occur simultaneously among a group of serving cells. For a configured search space switching group, if one cell is switched to a search space group, all other cells in the same serving cell group will be switched to that search space group. These serving cells can be configured by searchSpaceSwitchingGroup-r16. In TS38.213 v16.0.0 section 10.4 and 11.1.1, the behavior of search space set group switching across multiple serving cells has not been reflected.
Observation 5: the behavior of search space set group switching for serving cell group should be included in the section 10.4 and 11.1.1 of TS38.213
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
In this paper, we have following observations and proposals.
Observation 1: The description on rb-Offset in the TS38.213 section 10.1 is misleading.  is the CRB index of first RB in the first group of 6 consecutive RBs in the BWP available for CORESET configuration.
Observation 2: The agreement on multiple monitoring locations in a search space is not reflector in the TS38.213.
Observation 3: The terminology on the bitmap/Available RB set Indicator in TS38.213 and TS38.212 should be aligned. 
Observation 4: The terminology on search space set group switching/Monitoring group flag should be aligned between TS38.213 and TS38.212.
Observation 5: The behavior of search space set group switching for serving cell group should be included in the section 10.4 and 11.1.1 of TS38.213

Proposal 1: Remove the sub bullet of “If rb-Offset is not configured, rb-Offset is 0” in the above agreement. If gNB hope to configure CORESET starting from BWP boundary, indicate rb-Offset=0 explicitly. Send an LS to RAN2 about the reversion. 
Proposal 2: rb-Offset is only applied to single-cluster CORESET confined with LBT bandwidth/RB set. 
Proposal 3：For the configuration of search space with multiple monitoring locations, the associated CORESET should be configured with rbOffset-r16. The bits “1” in the first A bits of frequencyDomainResources provided by the associated CORESET should be contiguous. 
Proposal 4: Search space with multiple monitoring locations only applies to Type 3 common search space and UE specific search space.
Proposal 5: For search space associated with CORESET with multiple monitoring locations in frequency domain, “nrofCandidates” and “nrofCandidates-SFI” applies per monitoring location. UE can drop PDCCH BD per monitoring location in a search space. 
Proposal 6: UE determines the number of bits of an Available RB set Indicator field according to the number of RB set in a serving cell. The number of Available RB set Indicator fields in DCI format 2_0 should be same as that of SFI-index fields. 
Proposal 7: When there are multiple switch points within a COT, the indication of available LBT bandwidth/RB set is valid until next UL/DL switch point, where gNB is required to perform CAT2 LBT.
Proposal 8: UE should be allowed to switch CAT4 LBT to CAT2 LBT on the same RB set(s) where DCI format 2_0 carrying available RB set indicator is detected when the available RB set indicators indicate all RB sets are not available for reception.
Proposal 9: The number of bit (length) of COT duration indicator field is not necessary to be configured explicitly. The number of COT duration indicator field in DCI format 2_0 should be same as that of Slot Format indicator.
Proposal 10:  NRU should support search space set group switch for both Type-3 CSS and USS.
Proposal 11: The processing time required by the UE for performing search space switching, i.e P1 and P2 should be similar as that of SPS PDSCH release. P1 and P2 should be same.


References
[1]. [bookmark: _Ref32325434]3GPP TS38.213 v16.0.0
[2]. [bookmark: _Ref32325574]R1-1913599, “Summary of NR-U agreements till RAN1 #99”, Qualcomm
[3]. [bookmark: _Ref32326837]3GPP TS38.214 v16.0.0
[4]. [bookmark: _Ref32335828]R1-1913674, “Updated consolidated parameter list for Rel-16 NR”, NTT DCM
[5]. [bookmark: _Ref32336332]R1-1911864, “DL channels and signals in NR unlicensed band”, Huawei, HiSilicon

 
Appendix: 
A. [bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312]Text proposal for discussion in section 10.1 of TS38.213 v16.0.0

10.1	UE procedure for determining physical downlink control channel assignment 
*** Unchanged text is omitted ***
For each CORESET, the UE is provided the following by ControlResourceSet:
-	a CORESET index [image: ], by controlResourceSetId, where 

-	 if CORESETPoolIndex is not provided, or if a value of CORESETPoolIndex is same for all CORESETs if CORESETPoolIndex is provided;
-	 if CORESETPoolIndex is not provided for a first CORESET, or is provided and has a value 0 for a first CORESET, and is provided and has a value 1 for a second CORESET;
-	a DM-RS scrambling sequence initialization value by pdcch-DMRS-ScramblingID;
-	a precoder granularity for a number of REGs in the frequency domain where the UE can assume use of a same DM-RS precoder by precoderGranularity;
-	a number of consecutive symbols provided by duration; 
-	a set of resource blocks provided by frequencyDomainResources;
-	CCE-to-REG mapping parameters provided by cce-REG-MappingType;
-	an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by TCI-State, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception in a respective CORESET;
-	if the UE is provided by simultaneousTCI-CellList a number of lists of cells for simultaneous TCI state activation, the UE applies the antenna port quasi co-location provided by TCI-States with same activated tci-StateID value to CORESETs with index  in all configured DL BWPs of all configured cells in a list determined from a serving cell index provided by a MAC CE command
-    an indication for a presence or absence of a transmission configuration indication (TCI) field for a DCI format, other than DCI format 1_0, that schedules PDSCH receptions or indicates SPS PDSCH release and is transmitted by a PDCCH in CORESET , by tci-PresentInDCI or tci-PresentInDCI-ForDCIFormat1_2.
-	an offset in the unit of PRB provided by rb-Offset-r16.
When precoderGranularity = allContiguousRBs, a UE does not expect 
-	to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
-	any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList-r16, or with any RE of a SS/PBCH block.
For each CORESET in a DL BWP of a serving cell, a respective frequencyDomainResources provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order of the PRB index in the DL BWP bandwidth of [image: ] PRBs with starting common RB position [image: ] where the first common RB of the first group of 6 PRBs has common RB index [image: ]. If rb-Offset-r16 is provided and the frequency resource allocation of the CORESET is contiguous and confined within an RB set, the first common RB of the first group of 6 consecutive RBs has common RB index .
*** Unchanged text is 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 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 search space set  is a Type3 CSS set or a USS set, one or multiple PDCCH monitoring locations in frequency domain in a BWP, by freqMonitorLocations-r16. 
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. 
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.
A UE does not expect any two PDCCH monitoring occasions on an active DL BWP, for a same search space set or for different search space sets, in a same CORESET to be separated by a non-zero number of symbols that is smaller than the CORESET duration. 
A UE determines a PDCCH monitoring occasion on an active DL BWP from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot. For search space set [image: ], the UE determines that a PDCCH monitoring occasion(s) exists in a slot with number [image: ] [4, TS 38.211] in a frame with number [image: ] if [image: ]. The UE monitors PDCCH candidates for search space set [image: ] for [image: ] consecutive slots, starting from slot [image: ], and does not monitor PDCCH candidates for search space set [image: ] for the next [image: ] consecutive slots. 
A UE determines a PDCCH monitoring location on an active DL BWP from freqMonitorLocations-r16 if configured.  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).
*** Unchanged text is omitted ***
For all search space sets within a slot [image: ], denote by [image: ] a set of CSS sets with cardinality of [image: ] and by [image: ] a set of USS sets with cardinality of [image: ]. The location of USS sets [image: ], [image: ], in [image: ] is according to an ascending order of the search space set index. 
Denote by [image: ], [image: ], the number of counted PDCCH candidates for monitoring for CSS set [image: ] and by [image: ], [image: ], the number of counted PDCCH candidates for monitoring for USS set [image: ]. Denote by , the number of counted PDCCH candidates for each monitoring location for USS set , if  freqMonitorLocations-r16 is configured.
For the CSS sets, a UE monitors [image: ] PDCCH candidates requiring a total of [image: ] non-overlapping CCEs in a slot. 
The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration [image: ] in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells, or in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided CORESETPoolIndex for first CORESETs, or is provided value 0 for first CORESETs, and is provided value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring.
Denote by [image: ] the set of non-overlapping CCEs for search space set [image: ] and by [image: ] the cardinality of [image: ] where the non-overlapping CCEs for search space set [image: ] are determined considering the allocated PDCCH candidates for monitoring for the CSS sets and the allocated PDCCH candidates for monitoring for all search space sets [image: ], [image: ].
Set [image: ] 
Set [image: ]
Set [image: ]
while [image: ] AND [image: ]
allocate [image: ] PDCCH candidates for monitoring to USS set [image: ] 
[image: ];
[image: ];
[image: ] ;
end while
if freqMonitorLocations-r16 is configured, there are monitoring locations in frequency domain in the search space set  Denote by  the set of non-overlapping CCEs in each monitoring location of search space set  and by  the cardinality of  where the non-overlapping CCEs in each monitoring location of search space set  are determined considering the allocated PDCCH candidates for monitoring for the CSS sets and the allocated PDCCH candidates for monitoring for all search space sets  . 
Set [image: ] ;
Set [image: ];
Set [image: ];
While  AND 
Set ;
While   AND   AND 

	end while
allocate  PDCCH candidates for monitoring to USS set [image: ] 
	;
	;
	
end while

*** Unchanged text is omitted ***

B. Text proposal for discussion in section 11.1.1 of TS38.213 v16.0.0
11.1.1	UE procedure for determining slot format
*** Unchanged text is 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 an bitmap available RB set indicator field 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' '1' indicates that an RB set is available for receptions and a value of '1' '0' indicates that an RB set is not available for receptions, by availableRB-SetPerCell-r16, and the bitmap in DCI format 2_0. An available RB set indicator field includes bits, where  is the number of RB set derived from the configuration of intra cell guard band in the serving cell by intraCellGuardBandDL-r16. The RB set remains available or unavailable until the end of the indicated channel occupancy duration or the next UL to DL switch point where gNB is required to perform type 2A or type 2B channel access procedure, whichever comes first
-	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. A channel occupancy duration field includes  bits, where  is the maximum index configured in 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 switchingmonitoring group flag 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 group of serving cell(s) indicated by searchSpaceSwitchingGroup-r16 as described in Clause 10.4.
A SFI-index field value in a DCI format 2_0 indicates to a UE a slot format for each slot in a number of slots for each DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. The number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_0. The SFI-index field includes [image: ] bits where maxSFIindex is the maximum value of the values provided by corresponding slotFormatCombinationId. A slot format is identified by a corresponding format index as provided in Table 11.1.1-1 where 'D' denotes a downlink symbol, 'U' denotes an uplink symbol, and 'F' denotes a flexible symbol.
*** Unchanged text is omitted ***

C. [bookmark: _GoBack]Text proposal for discussion in section 10.4 of TS38.213 v16.0.0
[bookmark: _Toc29894869][bookmark: _Toc29899168][bookmark: _Toc29899586][bookmark: _Toc29917315]10.4	Search space set switching
A UE can be provided a group index for a respective search space set by searchSpaceGroupIdList-r16 for PDCCH monitoring on a serving cell in a serving cell group indicated by searchSpaceSwitchingGroup-r16. If the UE is not provided searchSpaceGroupIdList-r16 for a search space set, or for PDCCH monitoring on a serving cell that is not indicated by searchSpaceSwitchingGroup-r16, the following procedures are not applicable for PDCCH monitoring according to the search space set.
A UE can be provided, by searchSpaceSwitchingTimer-r16, a timer value. The UE decrements the timer value by one after each slot in the active DL BWP of the serving cell where the UE monitors PDCCH for detection of DCI format 2_0.
If a UE is provided by SearchSpaceSwitchTrigger-r16 a location of a search space set switchingmonitoring group flag field for all serving cell(s) in a serving cell group in a DCI format 2_0, as described in Clause 11.1.1, and detects DCI format 2_0 in a slot
-	if the UE is not monitoring PDCCH according to search space sets with group index 0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell(s) in the serving cell group at a first slot that is at least P1 symbols after the slot in the active DL BWP of the serving cell(s) in the serving cell group, if a value of the search space set switchingmonitoring group flag field is 0
-	if the UE is not monitoring PDCCH according to search space sets with group index 1, the UE monitors PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell(s) in the serving cell group at a first slot that is at least P1 symbols after the slot in the active DL BWP of the serving cell(s) in the serving cell group, and the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16, if a value of the monitoring group flagsearch space set switching field is 1
-	if the UE monitors PDCCH on a serving cell(s) in the serving cell group according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell(s) in the serving cell group according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell(s) in the serving cell group at the beginning of the first slot that is at least P1 symbols after a slot where the timer expires or after a last slot of a remaining channel occupancy duration for the serving cell(s) in the serving cell group that is indicated by DCI format 2_0
If a UE is not provided SearchSpaceSwitchTrigger-r16 for a serving cell,
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0 in a slot, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell(s) in the serving cell group at a first slot that is at least P2 symbols after the slot in the active DL BWP of a serving cell(s) in the serving cell group, the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16 if the UE detects a DCI format by monitoring PDCCH in any search space set
-	if the UE monitors PDCCH on a serving cell(s) in the serving cell group according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell(s) in the serving cell group according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell(s) in the serving cell group at the beginning of the first slot that is at least P2 symbols after a slot where the timer expires or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last slot of a remaining channel occupancy duration for the serving cell(s) in the serving cell group that is indicated by DCI format 2_0
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