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[bookmark: _Hlk23262468]Introduction
During RAN plenary #82, the release 16 work item on unlicensed band operation were approved in [1]. Before that a NR Study Item has been concluded in RAN1 [2].
In RAN plenary #84, down-scoping of features has been agreed in [3]. The relevant scope agreed for this sub-agenda is the following:
Essential
· CORESET for wideband (multiple coresets with one or more per LBT subband or multi-cluster coreset with one cluster per subband)
Optimizations
· If PUSCH Alt 2 is also supported 
In RAN plenary #86, NR-U WI has been closed. In this contribution we discuss corrections related to essential features.
Intra-carrier guard-bands
Issue 1: It has been pointed out during the specification review process that specification text is not differentiating sufficiently between UL and DL intra-carrier guardbands. Therefore, we provide TP to TS38.214 to correct it.
Proposal 1: Adopt the following TPs for 38.214 to clarify that intra-carrier GBs are configured separately for UL and DL
	[bookmark: _Toc29673232][bookmark: _Toc29673373][bookmark: _Toc29674366]TP for 38.214
[bookmark: _Toc29673209][bookmark: _Toc29673350][bookmark: _Toc29674343]6.1.2.2.3	Uplink resource allocation type 2
<omitted text>
For µ=1, the resource block assignment information includes a bitmap indicating the interlaces that are allocated to the scheduled UE. The bitmap is of size M bits with one bitmap bit per interlace such that each interlace is addressable, where M and interlace indexing is defined in Section 4.4.4.6 in [4, TS 38.211]. The order of interlace bitmap is such that interlace 0 to interlace  are mapped from MSB to LSB of the bitmap. An interlace is allocated to the UE if the corresponding bit value in the bitmap is 1; otherwise the interlace is not allocated to the UE.
For both µ=0 and µ=1,  bits in the resource block assignment information indicate to a UE a set of contiguously allocated RB sets for PUSCH scheduled by DCI 0_1 and Type 1 and Type 2 configured grant. The resource allocation field consists of a resource indication value (RIVRBset). For  ,  the resource indication value corresponds to the starting RB set () and the number of contiguous RB sets . The resource indication value is defined by;
if  then

else

<omitted text>
7	UE procedures for transmitting and receiving on a carrier with intra-cell guard bands
For operation with shared spectrum channel access, when the UE is configured with any of intraCellGuardBandUL-r16 for x=UL carrier and intraCellGuardBandDL-r16 for x=DL carrier, the UE is provided with   intra-cell guard bands on a carrier, each defined by start and end CRB,  and  , respectively. The intra-cell guard bands separate  RB-sets, each defined by start and end CRB, and  , respectively.  UE determines ,   , and the remaining start and end CRBs as  and . 
When the UE is not configured with intraCellGuardBandUL-r16, the UE determines intra-cell guard band and corresponding RB-set according to the [default intra-cell GB pattern from 38.101 corresponding to  and carrier size ]. When the UE is not configured with intraCellGuardBandDL-r16, the UE determines intra-cell guard band and corresponding RB-set according to the [default intra-cell GB pattern from 38.101 corresponding to  and carrier size ]. 
For a carrier with intra-carrier guard bands, the UE does not expect to receive a BWP configuration by BWP-Downlink or BWP-Uplink partially overlapping with a RB-set. RB-sets within BWP form a set  of cardinality .
[The configuration of intraCellGuardBandDL-r16 and intraCellGuardBandUL-r16 can indicate to the UE that no intra-cell guard-bands are configured.]




PDCCH
PDCCH structures and reception
Issue2: In RAN1#99, RAN1 agreed

	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





However, the specification editor included specification text that is against the agreement, which clearly says that “If rb-Offset is not configured, rb-Offset is 0”. Therefore, we propose the following TP to align specification with the agreement.

Proposal 2: Adopt the following TP to correctly capture agreement on CORESET configuration in the specification

	[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Ref491451763][bookmark: _Ref491466492]TP to TS38.213
10.1	UE procedure for determining physical downlink control channel assignment 
<omitted text >



For operation without shared spectrum channel access and 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  PRBs with starting common RB position  where the first common RB of the first group of 6 PRBs has common RB index . 
For operation with shared spectrum channel access and if rb-Offset is provided, the first group of 6 consecutive RBs has common RB index . Otherwise, the first group of 6 consecutive RBs has common RB index 

<omitted text >



Issue 3: Second agreement related to CORESET and search-space from RAN1#99 was fully ignored by the specification editor despite several companies pointing it out.

	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).





We propose to capture the agreement with the following TP (red edits) on top of the one from Proposal 2 (blue edits)

Proposal 3: Adopt the following TP (red edits) on top of the one from Proposal 2 (blue edits) to capture the RAN1 agreement not captured by the specification editor.


	TP to TS38.213
10.1	UE procedure for determining physical downlink control channel assignment 
<omitted text >



For operation without shared spectrum channel access and 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  PRBs with starting common RB position  where the first common RB of the first group of 6 PRBs has common RB index . 
For operation with shared spectrum channel access and if rb-Offset is provided, the first group of 6 consecutive RBs has common RB index . Otherwise, the first group of 6 consecutive RBs has common RB index 
For operation with shared spectrum channel access, for a RB set indicated in the bitmap by freqMonitorLocations-r16 of a search-space associated with a CORESET, 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 CORESET configuration.
<omitted text >



For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with  search space sets where, for each search space set from the  search space sets, the UE is provided the following by SearchSpace: 


-	a search space set index , , by searchSpaceId 


-	an association between the search space set  and a CORESET  by controlResourceSetId 


-	a PDCCH monitoring periodicity of  slots and a PDCCH monitoring offset of  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  slots indicating a number of slots that the search space set  exists by duration 


-	a number of PDCCH candidates  per CCE aggregation level  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  is either a CSS set or a USS set by searchSpaceType 

-	if search space set  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

-	if search space set  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 
-  for operation with shared spectrum channel access a bitmap by freqMonitorLocations-r16 indicating RB-set(s) containing the search-space, where the first bit in the bitmap corresponds to the first RB set in the BWP. 
<omitted text >




Monitoring PDCCH candidates in unavailable LBT BW
Issue 4: When UE is indicated that certain RB-set is not available during the COT, a UE should not monitor PDCCH candidates in that RB-set. On the other hand, gNB may have issues with serving multiple users in FDM manner due to insufficient number of PDCCH candidates remaining in the available RB-set(s). Therefore, the UE capability released in unavailable RB-sets should be used instead in available RB-sets. In other words, UE should be able to adjust its PDCCH monitoring based on the availability of RB-sets indicated by DCI-format 2_0.

Proposal 4: Specify that a UE is not expected to monitor PDCCH in RB-set(s) indicated as unavailable. 

Proposal 5: UE should be able to adjust its PDCCH monitoring based on the availability of RB-sets indicated by DCI-format 2_0

To be able to adjust number of PDCCH candidates in the available RB-sets, search-space-set dropping/mapping mechanism of R15 should be updated. For example, PDCCH candidates that overlap [at least partially] with RBs of failed RB-sets should not be counted to BD/CCE limits, and search-space-sets with at least one dropped candidate should not be allocated with PDCCH candidates at all. Such search-space-set hashing hypothesis for up to 15 possible LBT outcomes could be prepared (assuming 4 RB-sets in BWP) based on RRC configuration. 

Even further complexity reduction is possible, where a search-space-set would be allocated with PDCCH candidates only if gNB transmits on at least on N RB-sets, this reducing the number of hypothesis from 15 to 4. No new RRC parameters would be required, as the number of bits toggled as ‘1’ in the bitmap freqMonitorLocations-r16 would indicate N, i.e. the applicability of the search-space set. Therefore, we have the following proposal.

Proposal 6: For USS set provided with freqMonitorLocations-r16 indicating ‘1’ for N RB-sets, if UE is provided with availableRB-SetPerCell-r16 and DCI format 2_0 indicates less than N RB-sets are available, the UE does not allocate PDCCH candidates to the USS set. 
Proposal 3 and 4 may be capture by the following TP. 
	TP to TS38.213
10.1	UE procedure for determining physical downlink control channel assignment 
<omitted text>
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.
For operation with shared spectrum channel access, if UE is provided with availableRB-SetPerCell-r16, the UE is not expected to monitor PDCCH candidates that overlap with RBs of RB set(s) indicated as unavailable by DCI format 2_0.
For operation with shared spectrum channel access and for USS set provided with freqMonitorLocations-r16 indicating ‘1’ for N RB-sets, if UE is provided with availableRB-SetPerCell-r16 and DCI format 2_0 indicates less than N RB-sets are available, the UE does not allocate PDCCH candidates to the USS set
<omitted text>



Conclusions
In this contribution, we discussed potential solutions and techniques related to wideband operation. Based on the discussion, we made the following proposals and observations:
Proposal 1: Adopt the following TPs for 38.214 to clarify that intra-carrier GBs are configured separately for UL and DL
Proposal 2: Adopt the following TP to correctly capture agreement on CORESET configuration in the specification

[bookmark: _GoBack]Proposal 3: Adopt the following TP (red edits) on top of the one from Proposal 2 (blue edits) to capture the RAN1 agreement not captured by the specification editor.

Proposal 4: Specify that a UE is not expected to monitor PDCCH in RB-set(s) indicated as unavailable. 

Proposal 5: UE should be able to adjust its PDCCH monitoring based on the availability of RB-sets indicated by DCI-format 2_0

Proposal 6: For USS set provided with freqMonitorLocations-r16 indicating ‘1’ for N RB-sets, if UE is provided with availableRB-SetPerCell-r16 and DCI format 2_0 indicates less than N RB-sets are available, the UE does not allocate PDCCH candidates to the USS set. 
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