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Introduction
This is the summary document for 7.2.2.2.5 on wide-band operation for NR-U, based on the contributions listed in reference section.
It is noted that topics covered in the contributions are categorized in terms of the priority, as follows.
· High priority
· Configurability on gNB’s operating mode between Options 2 and 3 (Section 2)
· CORESET f-domain resource configuration (Section 3.1)
· CSI-RS mapping in in-carrier guard-band (Section 3.3)
· Medium priority
· How to determine the number of RB sets (i.e., LBT bandwidths) (Section 2)
· Allocation of the number of PDCCH candidates in search space set configuration (Section 3.1)
· Low priority
· PDCCH monitoring (Section 3.1)
· Enhancements for PDSCH reception (Section 3.2)

Proposals for PDCCH configuration

Proposal #1 for 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 CORESET of single cluster is configured.
· 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

[image: ]

Proposal #2 for 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).
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Proposal #3 for agreement:
· The RRC parameters intraCellGuardBandDL-r16 and intraCellGuardBandUL-r16 include a mechanism to indicate that no intra-carrier guard-bands are configured
· Note: This configuration may be used for the case where transmission only occurs in a BWP if LBT is successful in all RB sets within the BWP
· The UE does not expect that the dedicated BWP is configured to include parts of a RB set.

Proposal #4 for agreement:
If a UE is configured with a CSI-RS spanning over multiple LBT bandwidths,
· The UE assumes that the CSI-RS is not transmitted if the UE is monitoring DCI format 2_0 carrying an LBT BW indication and detects the DCI format 2_0 indicating any of corresponding LBT bandwidths is not available for DL reception.
· The CSI-RS REs that lie in intra-carrier guard-band are considered as “not transmitted” if DCI format 2_0 indicates that LBT bandwidth on any side of intra-carrier guard-band is not available.

For CSI-RS for tracking in unlicensed spectrum,
· Text proposal for section 5.1.6.1.1 in TS 38.214:
· The bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 52 48 and NBWP,i size resource blocks, or is equal to NBWP,i size resource blocks.
Supported by Ericsson, LG, Nokia, AT&T, Huawei

In-carrier guard-band and LBT bandwidth configuration
	Company
	Views

	ZTE [1]
	Proposal 1: The guard-band issues would be handled by scheduler implementation.

	Huawei [2]
	Proposal 1: The intra-carrier guard band between every two adjacent LBT bandwidths in a BWP/carrier should be configured explicitly by high layer signaling. Intra-carrier guard bands could be part of a resource allocation.

	Intel [5]
	Proposal 1
· For UL wideband operation,
· Guardband is always used if overlapped with the resource allocation
· For DL wideband operation, 
· If gNB configures that gNB transmits PDSCH on whole of single active BWP if CCA is successful for whole LBT BWs inside the BWP at gNB (DL wideband alt-3), guardband is always used if overlapped with the resource allocation
· If gNB configures that gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (DL wideband alt-2), then UE always assumes nothing is transmitted on the Intra-carrier guardband
· The protection of guardband for DL wideband alt-2, rate-matching is performed around the configured intra-carrier guardband by the proper configuration of RateMatchPattern which is supported by Rel-15 NR

	Nokia [6]
	Proposal 1: For carrier with multiple RB-sets, introduce RRC parameter to configure MODE1 or MODE2/3 operation to a UE (FFS subject to UE capability).
Proposal 2: UE may determine number of RB-sets simply based on configured size of , and below Table  
	 
	
	 

	
	f [kHz]
	1
	2
	3
	4

	0
	15
	1-111
	112-222
	223-333
	334-444

	1
	30
	1-55
	56-111
	112-166
	167-222

	2
	60
	1-27
	28-55
	56-83
	84-111


Proposal 3: intraCellGuardBand-r16 in RMSI (SIB1) may adjust the intra carrier GBs defined in RAN4 by integer number of PRBs.

	Samsung [9]
	Proposal 1: For DL wideband operation, a gNB can transmit PDCCH/PDSCH on parts of single active BWP where CCA is successful at the gNB at least if PRBs within the guard-band of two contiguous LBT bandwidths are not scheduled by gNB.
Proposal 8: For the UL wideband operation, intra-carrier guard bands can be used when contiguous LBT bandwidths are scheduled.
Proposal 9: For the DL wideband operation, how to indicate the usage of intra-carrier guard bands should be discussed.

	ETRI [12]
	Proposal 2: In a carrier, UE can be configured with LBT subbands, and some PRBs constituting the LBT subbands are configured as intra-carrier guard PRBs.
· Each LBT subband consists of physically consecutive PRBs within a carrier.
· When LBT subbands are configured, every PRB in a carrier belongs to one and only one LBT subband.
Proposal 3: Intra-carrier guard bands and LBT subbands are configured per carrier and per subcarrier spacing, and their location is applied the same to each bandwidth part belonging to the carrier.
Proposal 4: The timing from which the guard PRBs are available for data channel transmission can be defined relative to the beginning of a Tx burst or a COT, and can be either predefined or configured by gNB.
Proposal 5: In the beginning of a COT, UE doesn’t transmit or receive (e.g., puncture) data channel on guard PRBs even if they are allocated.
Proposal 6: The parameters related to the LBT subband configuration are introduced as optional.

	InterDigital [14]
	Proposal 5: In-carrier guard bands can be dynamically deactivated to be used for transmission/reception of channels and signals.

	Ericsson [15]
	Proposal 2 Support an RRC parameter RB-SetsPerCell-r16 used for defining the RB ranges for a carrier with multiple LBT bandwidths. Each RB Set is fixed relative to Point A. The following two alternatives should be down-selected to one:
· Alt-1: An RB Set is specified by a start RB index and an end RB index
· Alt-2: An RB Set is specified by a start RB index and a number of RBs
For a carrier with only one LBT bandwidth, RB-SetsPerCell-r16 is not configured, in which case the RB Set implicitly covers the whole carrier.

	Apple [17]
	Proposal 1: Point A is served as a common reference point for the resource blocks of intra-CC guard-band.

	AT&T [18]
	Proposal 1: At the beginning of a gNB initiated COT, all transmissions (PDSCH, PDCCH, or CSI-RS) are contained within a single LBT subband; subsequent transmissions can map across LBT subbands per existing agreements

	Qualcomm [20]
	Proposal 2. gNB configures the passband and guard band within each subband. The RBs in guard band can be used only if the subbands on both sides pass LBT. FFS the configuration is per cell or per BWP.



Issue#1 (High priority): Configurability on gNB’s operating mode between Options 2 and 3
	Agreement: (RAN1#94bis)
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

Agreement: (RAN1#AH1901)
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.



Several companies pointed out that UE needs to be aware of which option between options 2 and 3 from previous agreement as above is applied for gNB’s wideband operation, and following alternatives can be considered.

· Alt 1: Introduce a new RRC parameter to configure the serving gNB’s wideband operation option
· Supported by Intel, Nokia
· Alt 2: Implicit configuration by using existing RRC parameter, e.g., Option 2 if intraCellGuardBand-r16 is configured to zero, or Option 2 if RB-RangesPerCell-r16 covers a whole BWP
· Supported by LG Electronics, Ericsson
[Huawei, HiSilicon] The difference between option 2 and option 3 are whether gNB is allowed to transmit when only part of LBT bandwidth is available. It is gNB’s choice and should be transparent to UE. Finally option 2 and option 3 are merged in the agreement because of this reason. From our understanding, UE do not need to know whether option 2 and option 3 at gNB side. UE just follow gNB’s scheduling, including potential rate match around intra carrier guards.  

In addition, agreed options 2 and 3 should be extended to all DL transmissions (i.e., PDSCH, PDCCH, CSI-RS, and so on) as shown below with some modifications.
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH DL transmission(s) on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH DL transmission(s) on parts or whole of single BWP where CCA is successful at gNB
[Huawei, HiSilicon] We would suggest to modify based on the agreement in RAN1#AH1901.
Proposals for agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz, between following two options,
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits DL transmission(s) on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits DL transmission(s) on parts or whole of single BWP where CCA is successful at gNB
· UE is provided which option is applied for serving gNB’s DL transmission, with one of the following alternatives.
· Alt 1: New RRC parameter
· Alt 2: Implicit configuration by using existing RRC parameter, e.g., Option 3 if non-zero in-carrier guard-band is configured within the BWP and Option 2 otherwise

Companies are requested to provide their views on the above proposals and/or preference on alternatives.
	Company
	Views

	Intel
	Alt 1, No need to indicate to a UE whether option 2 or option 3 is used

	Nokia
	Alt 1

	LG Electronics
	Alt 2

	Ericsson
	Alt 2

	Huawei, HiSilicon
	No need indicate option 2 or option 3 to UE. Intra carrier guard can be configured independently.

	ZTE
	Alt 2

	ETRI
	Alt 2

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Spreadtrum
	No need indicate option 2 or option 3 to UE. Intra carrier guard can be configured independently.

	Sharp
	No need indicate option 2 or option 3 to UE. Intra carrier guard can be configured independently.

	Panasonic
	No need indicate option 2 or option 3 to UE. Intra carrier guard can be configured independently.




Issue#2 (Medium priority): How to determine the number of RB sets (i.e., LBT bandwidths)

TS 38.214 draft CR in sections 5.1.2.2 and 6.1.2.2:
	When the UE is configured to operate with intra-cell guard-bands on a carrier, the UE determines RB-sets on a carrier [FFS e.g. according to a Table or according to parameter intraCellGuardBand-r16 and RB-RangesPerCell-r16 ], where RB-sets are indexed . 



Proposals for discussion:
· UE determines the number of RB-sets (or LBT bandwidths) based on
· Alt 1: Table in RAN1 specification, e.g.,
	 
	
	 

	
	f [kHz]
	1
	2
	3
	4

	0
	15
	1-111
	112-222
	223-333
	334-444

	1
	30
	1-55
	56-111
	112-166
	167-222

	2
	60
	1-27
	28-55
	56-83
	84-111


· Alt 2: RRC parameter intraCellGuardBand-r16 or RB-RangesPerCell-r16, e.g., the number of lists for intraCellGuardBand-r16 or RB-RangesPerCell-r16 corresponds to the number of RB-sets
[Huawei, HiSilicon] as for Alt 1, configuration of intra carrier guard is still necessary. We would suggest modify as following
Opt 1: RB-sets including PRB overlapped with intra carrier guard. Intra carrier guard will be configured separately.
Opt 2: RB-sets excluding RB overlapped with intra carrier guard. 

Companies are requested to provide their views on the above proposals and/or preference on alternatives.
	Company
	Views

	Nokia
	Alt 1

	LG Electronics
	Alt 2

	Huawei, HiSilicon
	RB-sets including PRB overlapped with intra carrier guard. Intra carrier guard will be configured separately.

	ZTE
	Alt 2

	ETRI
	Agree with Huawei that such clarification is necessary. Our view is Alt 2 and Opt 1, i.e., both LBT subbands and guard bands need to be configurable.

	Spreadtrum
	Alt 2




Issue#2’ (High priority): How to determine the number of RB sets and the available PRBs in each RB set
	Agreement:
· [bookmark: _Toc24135959]For interlaced PUSCH transmission in a BWP, Y bits of the frequency domain resource allocation (FDRA) field indicate which RB sets (corresponding to LBT bandwidths) are allocated to the UE
· [bookmark: _Toc24135960][bookmark: _Toc24135961]This applies to PUSCH of the following types
· [bookmark: _Toc24135962]PUSCH scheduled by at least non-fallback DCI
· FFS: applicability to fallback DCI
· [bookmark: _Toc24135963]Configured Grant PUSCH Type 2 (FDRA indicated by DCI)
· Configured Grant PUSCH Type 1 (FDRA configured by RRC)
· The UE determines the overall PUSCH frequency domain resource allocation by the intersection of the following:
· Allocated interlaces (indicated by X bits of the FDRA field, as previously agreed)
· Available PRBs derived at least from the allocated RB sets (indicated by Y bits of the FDRA field) and intra-carrier guard bands between RB sets corresponding to contiguous LBT bandwidths
· Note: An RB set contains PRBs within an LBT bandwidth and does not include any inter or intra carrier guard PRBs
· FFS (to be resolved in RAN1#99 in AI 7.2.2.2.5 Wideband Operation): How the UE determines the number of RB sets and the available PRBs in each RB set
· Note: The PRBs between adjacent RB sets comprise an intra-carrier guard
· Down-select to one of the following alternatives
· Alt-1: Y = [5] (fixed by specification)
· Alt-2: Y is configurable from 0..[5], except for fallback DCI where Y = [5] (fixed by specification)
· Alt-3: Y is determined by the number of RB sets included in the BWP
· Down-select to one of the following alternatives
· Alt-a: The Y bits indicate a first RB set and a number of RB sets corresponding to contiguous LBT bandwidths
· Alt-b: The Y bits comprise a bitmap indicating RB sets where the bitmap can indicate RB sets corresponding to non-contiguous LBT bandwidths



Based on FFS parts (as captured above from TS 38.214 draft CR in sections 5.1.2.2 and 6.1.2.2) and highlighted notes (as captured above from the agreement made in agenda item 7.2.2.1.3), there are two alternatives for a UE to determine the number of RB sets and the available PRBs in each RB set.
· Alt 1: The RRC parameter intraCellGuardBand-r16 configures the lists of intra-carrier guard-bands [per cell or per BWP], e.g.,
· If intraCellGuardBand-r16 is given as {, }, …, {, }, the UE determines
· The number of RB sets: N
· The available PRBs in each RB set: [, -1] for RB set #1, [+1, -1] for RB set #2,…, [+1, ] for RB set#N, where  and  corresponds to starting and ending RB index of [cell or BWP], respectively.
· Alt 2: The RRC parameter RB-RangesPerCell-r16 configures the lists of RB sets per cell, e.g.,
· If RB-RangesPerCell-r16 is given as {, }, …, {, }, the UE determines
· The number of RB sets: N
· The available PRBs in each RB set: [, ] for RB set #1,…, [, ] for RB set #N
In addition, it is noted that zero intra-carrier guard-band for Alt 1 or RB ranges covering a whole BWP for Alt 2 may imply that gNB transmits DL transmission(s) on a single BWP if CCA is successful at gNB for the whole BWP. Therefore, the following proposal can be made:
Proposals for agreement: Except yellow color below
UE determines the number of RB sets (corresponding to LBT bandwidths) and the available PRBs in each RB set, both for DL and UL, based on,
· The RRC parameter intraCellGuardBandDL-r16 and intraCellGuardBandUL-r16 (if UL is configured) configure the lists of intra-carrier guard-bands per cell, e.g.,
· If intraCellGuardBandDL-r16 or intraCellGuardBandUL-r16 is given as {, }, …, {, } where GB is given by CRB index, the UE determines
· The number of RB sets for a cell: N
· The available PRBs in each RB set: [, -1] for RB set #1, [+1, -1] for RB set #2,…, [+1, ] for RB set#N, where  and  corresponds to starting and ending RB index of cell, respectively.
· Note: For intraCellGuardBandDL-r16, if = for all n corresponding to BWP, gNB transmits DL transmission on a single BWP if CCA is successful at gNB for the whole BWP.
· If intraCellGuardBandDL-r16 is not configured, gNB transmits DL transmission(s) on parts or whole of single BWP where CCA is successful at gNB.
· FFS: Specification impacts and if intraCellGuardBandUL-r16 is not configured
· Note: This addresses the FFS in sections 5.1.2.2 and 6.1.2.2 in 38.214.

Companies are requested to provide their views on the above proposals and/or preference on alternatives.
	Company
	Views

	
	

	
	

	
	

	
	

	
	




DL signal/channel design
PDCCH configuration and monitoring
	Company
	Views

	Huawei [2]
	Proposal 3: For search space associated with CORESET with multiple monitoring locations in frequency domain, the following enhancement in the RRC configuration should be supported.  
· For IE of “ControlResourceSet”
· The existing parameter of “frequencyDomainResources” indicates the first monitoring location in frequency domain which has lowest PRB in the BWP.
· New parameter of RB offset indicates deviation of the starting CRB of a CORESET from RBG grid relative to Point A. 
· Only consider contiguous resource allocation within LBT bandwidth.
· For IE of “SearchSpace”
· New parameter of “RB offsets” indicates a sequence of RB offset values between additional monitoring locations and first monitoring location.
· “nrofCandidates” and “nrofCandidates-SFI” applies per monitoring location
Proposal 4: The maximum number of monitored PDCCH candidates and non-overlapped CCE per slot should be uniformly distributed among monitoring locations on the available LBT bandwidth.       

	vivo [3]
	Proposal 3: For NRU CORESET configuration, multiple starting PRBs could be configured and each of them is associated with the same bitmap to achieve target multi-cluster CORESET configuration where each PDCCH candidate could locate in one LBT bandwidth only.

	MediaTek [4]
	Proposal 6: For a search space set configuration associated with a CORESET that is confined within a LBT bandwidth and has one or more frequency-domain monitoring locations corresponding to one or more LBT bandwidths:
· If one of the LBT bandwidths is indicated as unavailable by a frequency domain availability indication in DCI format 2_0, the frequency-domain monitoring location corresponding to the unavailable LBT bandwidth is disabled.
Proposal 7: Introduce a new parameter (e.g., freqMonitorLocations) in a search space set configuration to indicate one or more values. 
· Each value corresponds to a frequency domain monitoring location for the CORESET associated with the search space set configuration.
· Each value represents an RB offset, and a replicated frequency-domain resource allocation pattern of the associated CORESET is determined by shifting the frequency-domain resource allocation pattern configured by frequencyDomainResources according to the RB offset.
Proposal 8: The new parameter (e.g., freqMonitorLocations) for providing one or more monitoring locations in frequency domain in a search space set configuration can be used to align one or more frequency-domain resource allocation patterns with the starting PRB indexes of one or more LBT bandwidths.

	Intel [5]
	Proposal 2: CORESET is configured with multiple monitoring positions in frequency domain in each LBT BW (based on the agreement)
· Monitoring occasion in freq domain can be configured using RB offsets from guardband boundary

	Nokia [6]
	Proposal 5: For a CORESET confined within sub-band, the bits of the 45-bit bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order of the PRB index in a sub-band with starting common RB position of RB-set . 
Proposal 6 (in RAN2 competence): For a search-space set associated with a CORESET confined within RB-set, the configuration contains bitmap indicating RB-sets to which it applies. 
Observation 2: For multi-cluster CORESET configured on a WB carrier, frequencyDomainResources bitmap may be a one-to-one mapping to green 6RB clusters of Figure 2
Proposal 7: For a search-space set associated with a CORESET confined within RB-set, the configuration may contain a parameter N indicating that search-space set is mapped only if gNB transmits on N RB-sets within a COT. 

	Lenovo [7]
	Proposal 10: UE performs blind detection in each configured CORESET if the GC-PDCCH carrying DL subband-based LBT results is not available for the UE.

	LG Electronics [8]
	Proposal #1: For a search space set configuration associated with multiple monitoring locations in the frequency domain, the number of PDCCH candidates (i.e., nrofCandidates or nrofCandidates-SFI) is assigned for each monitoring location.
Proposal #2: If a bitmap in DCI format 2_0 indicates that a LBT bandwidth is not available for DL reception for slot(s) within a gNB’s channel occupancy, UE is not required to monitor PDCCH configured to be monitored on the LBT bandwidth for those slots.
Proposal #3: The first PRB of the first group of 6 PRBs in the bitmap (that is provided with frequencyDomainResources for the CORESET configuration) corresponds to the first PRB index in the first LBT bandwidth for a BWP associated with the CORESET. If the BWP spans over multiple LBT bandwidths, the first PRB of the k-th group of 6 PRBs in the bitmap corresponds to the first PRB index in the m-th LBT bandwidth for the BWP where  and  is the number of PRBs of s-th LBT bandwidth.

	Samsung [9]
	Proposal 5: For NR-U wideband operation, a group of 6 PRBs for CORESET configuration can be grouped based on the first available PRB of the LBT bandwidth.
Proposal 6: For the CORESET configuration in NR-U wideband operation, PDCCH monitoring adaptation mechanism should be considered to diminish the blind decoding burden at the UE side.
Proposal 7: With a carrier bandwidth greater than a LBT bandwidth (20MHz), UE reports a capability on the maximum number of CORESET per BWP a UE can support as a separate signalling from the corresponding Rel-15 signaling. The capability is effective only when multiple monitoring occasions of CORESET in frequency domain is configured.

	OPPO [10]
	Proposal 1: UE determines the shifted CORESET position in the target LBT subband by assuming a fixed offset between the configured CORESET edge and the LBT subband edge in which the configured CORESET is confined.

	ETRI [12]
	Proposal 7: Introduce a new RRC parameter for frequency domain resource configuration of CORESET and search space set based on the 6 RB grid defined within each LBT subband.

	Fraunhofer [13]
	Proposal 1: Apply the same number of BDs per AL, per search space configuration, and per frequency location of the associated CORESET.
Proposal 2: The UE stays within a frequency domain monitoring location of a CORESET responsive to successfully detecting a PDCCH for the COT duration.

	InterDigital [14]
	Proposal 1: Search space dropping rules are modified to consider multiple monitoring locations on multiple LBT subbands.
Proposal 2: Search space monitoring locations are assigned a priority index.
Proposal 3: Search space dropping is performed at a monitoring location granularity.
FFS if search space priority or search space monitoring location priority is considered first BD or CCE channel estimation limits are exceeded.

	Ericsson [15]
	Proposal 3 A search space set associated with a CORESET can be configured with multiple non-overlapping frequency domain (FD) monitoring locations within a BWP, where an FD monitoring location is defined by a replication of the PRB pattern defined by the parameter frequencyDomainReseources within ControlResourceSet. The starting PRB index of the replicated pattern is given by an integer PRB offset relative to the PRB index corresponding to the first bit in frequencyDomainReseources. The PRB offset may take a value in the range 0..maxNrofPhysicalResourceBlocks-1. 
· Note: if the no PRB offset(s) is/are configured, then the UE performs PDCCH monitoring in PRBs defined only by the CORESET as in Rel-15

	Sharp [16]
	Proposal 2:
· Search space set configuration for having multiple monitoring locations in the frequency domain should enable an RB-level offset to frequency domain location of the associated CORESET.

	AT&T [18]
	Proposal 2: The following is supported: 
· Each value corresponds to a frequency domain monitoring location for the CORESET associated with the search space set configuration.
· The GC-PDCCH is transmitted from a cell in licensed spectrum, e.g., the PCell in LAA mode (Cross-carrier indication)

	NTT DOCOMO [19]
	Proposal 1: In case of wideband operation case 2 where gNB may transmit PDSCH on part or whole of single active BWP where CCA is successful, UE performs blind detection of PDCCH and/or DMRS on every LBT bandwidth according to CORESET/search space configurations.

	Qualcomm [20]
	Proposal 1. For Coreset configuration (single cluster or multi-cluster), for NR-U purpose, the resource definition is relaxed to allow RB level resolution for the start of each cluster, while the cluster size can maintain 6 RB resolution. RAN2 can decide the necessary RRC signalling support.

	WILUS [21]
	Proposal 1: It is necessary to investigate how to avoid increase PDCCH monitoring, compared with that used in Rel-15 NR, when CORESET per LBT sub-band is adopted or PDCCH candidate is confined within a single LBT sub-band.
Proposal 2: We propose to set up the priority for CORESET confined in each LBT sub-band for monitoring PDCCH by the UE.
Proposal 3: PRBs allocated by frequencyDomainResources in the CORESET configuration should be restricted to the available PRBs within LBT sub-band excluding PRBs belonging to in-carrier guard band.

	Panasonic [22]
	Proposal 1: The number of BDs per LBT bandwidth can be varied from slot boundary depending on the number of available LBT bandwidths after DL burst is detected.
Proposal 2: In case of search space set configuration associated with the CORESET has multiple monitoring locations in the frequency domain, overbooking of PDCCH candidates should be allowed. 
· Dropping rules are applied to ensure the BD/CCE limits are met for the set of actually monitored LBT bandwidths.
· PDCCH candidates in non-prioritized LBT bandwidths are dropped, and/or SS set with higher ID is dropped
Proposal 3: The PRBs configured for intra-carrier guard band can be part of frequency resource allocation of PDCCH. Frequency domain occupancy indication in GC-PDCCH is used for the dynamic indication of the existence of intra-carrier guard band.



Issue#1 (High priority): CORESET f-domain resource configuration
Several companies pointed out the inefficiency of current CORESET configuration. To be specific, since current 6 RB grid bitmap for frequencyDomainResources in CORESET configuration is aligned with common PRB index 0, 8 CCEs per LBT bandwidth (i.e., 48 PRBs in case of 30 kHz SCS and 20 MHz LBT bandwidth) may not be fully utilized for a CORESET in some cases. To overcome this inefficiency, they proposed some methods, which are based on introduction of new RRC parameter or adjustment of RB offset w/o introducing additional RRC parameter. However, at the same time, some companies shared the view that search space set configuration having multiple locations in frequency domain is enough to handle this issue. With this regard, at least following alternatives can be considered.

[MediaTek] As the feature lead has clearly stated in the above, there are several alternatives to resolve the potential misalignment between the 6-PRB grid and the starting PRB of an LBT bandwidth. These alternatives not only include introducing changes to CORESET configuration or definition but also utilizing the newly introduced parameter in the search space set configuration without introducing a new parameter to CORESET configuration. Therefore, the proposal for agreements should correctly reflect these alternatives.

· Alt 1 (as shown in Figure 1(a)): No change for frequencyDomainResources in CORESET configuration. Reuse the new RRC parameter (i.e. freqMonitorLocations-r16) in search space set configuration for providing one or more monitoring locations in the frequency domain to indicate the starting PRB index of a group of 6 PRBs.
· Supported by MediaTek
· Alt 2: Introduce a new RRC parameter in CORESET configuration to indicate the starting PRB index of a group of 6 PRBs
· Alt 2-1 (as shown in Figure 1(b)): Only a single offset value per CORESET configuration
· Supported by Huawei, Qualcomm
· Alt 2-2 (as shown in Figure 1(c)): Single offset value per LBT bandwidth
· Supported by vivo, ETRIHuawei, HiSilicon
[Huawei, HiSilicon] We consider one offset value in CORESET configuration applied to monitoring location indicated by FDRA in the CORESET configuration. In such case, no need to change search space configuration if only one monitoring location is necessary. When configured with multiple monitoring locations, the offset values of replicated CORESETs in other monitoring locations could be given in search space configuration.
· Alt 3 (as shown in Figure 1(d)): Align the starting PRB index of a group of 6 PRBs in a LBT bandwidth with the starting PRB index of the associated LBT bandwidth, without introducing additional RRC parameter
· Supported by Nokia, LG Electronics, Samsung, OPPO?

[ETRI] Our view is closer to Alt 3, but we think the possibility of the LBT subband including guard PRBs needs to be considered. For example, an offset may be applied within a LBT subband to avoid guard PRBs. In addition, in Alt 3, the current bitmap size for frequencyDomainResources may be not necessarily too large.
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(a) Alt 1
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(b) Alt 2-1
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(c) Alt 2-2
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(e) Alt 4

Figure 1. Examples of alternatives for CORESET configuration

Proposals for agreement:
· For the frequency domain resource allocation that is provided with frequencyDomainResources in CORESET configuration, choose one of the following alternatives.
· Alt 1: No change for frequencyDomainResources in CORESET configuration. 
· Alt 1-1: Reuse the new RRC parameter in search space set configuration for providing one or more monitoring locations in frequency domain to indicate the starting PRB index of a group of 6 PRBs.
· Alt 1-2: Within the SearchSpace IE, the agreed RRC parameter freqMonitorLocations-r16 provides a PRB granularity offset from the guardband boundary for each LBT bandwidth
· Note: For a CORESET configured to span over multiple LBT bandwidths, UE does not expect that a bit in the bitmap corresponding to in-carrier guard-band is set to ‘1’.	Comment by CW Tsai (蔡秋薇): We don’t understand why this not is needed for Alt.1. Can you explain it or remove it? 
· Alt 2: Introduce a new RRC parameter in CORESET configuration to indicate the starting PRB index of group(s) of 6 PRBs
· Alt 2-1: Only a single offset value per CORESET configuration
· Alt 2-2: Single offset value per LBT bandwidth
· Alt 3: Align the starting PRB index of a group of 6 PRBs in a LBT bandwidth with the starting PRB index of the associated LBT bandwidth, without introducing additional RRC parameter
· Alt-4: Hybrid solution
· Introduce an new offset parameter (taking value of 0, …, 5) within the ControlResoureSet IE. This removes the Rel-15 restriction where the CORSET can only be aligned with 6-CRB boundaries
· Within the SearchSpace IE, the agreed RRC parameter freqMonitorLocations-r16 provides a PRB granularity offset from the first PRB in the CORESET for each LBT bandwidth

Companies are requested to provide their views on the above proposals and/or preference on alternatives.
	Company
	Views

	Huawei
	Alt 2-2, one offset in CORESET configuration, other offsets in search space configuration 1

	vivo
	Alt 2-2

	MediaTek
	Alt 1-1?

	Nokia
	Alt 3

	LG Electronics
	Alt 3 with 1st preference, Alt 1-1 with 2nd preference

	Samsung
	Alt 3

	OPPO
	Alt 3?

	ETRI
	Alt 2-2Alt 3 with potential guard PRB consideration and RRC parameter optimization

	Qualcomm
	Alt 2-1?

	Ericsson
	Alt-4

	ZTE
	Alt 3

	Intel
	Alt 1-2

	Sharp
	Alt 1-2. Also OK with Alt-4.

	Panasonic
	Alt 1-2 or Alt 1-1




Updated Proposals for agreement:
For the frequency domain resource allocation that is provided with frequencyDomainResources in CORESET configuration, choose one of the following alternatives.
· Alt 1: No change for frequencyDomainResources in CORESET configuration, i.e., do not enhance ControlResoureSet IE for a CORESET configured to span multiple LBT bandwidths
· Supported by MediaTek, LG Electronics, Intel, Sharp, Panasonic
· Alt 2: Introduce a new RRC parameter in CORESET configuration to indicate the starting PRB index of group(s) of 6 PRBs
· Supported by Huawei, vivo, Qualcomm
· Alt 2-1: Only a single offset value per CORESET configuration
· Alt 2-2: Single offset value per LBT bandwidth
· Alt 3: Align the starting PRB index of a group of 6 PRBs in a LBT bandwidth with the starting PRB index of the associated LBT bandwidth, without introducing additional RRC parameter
· Supported by Nokia, LG Electronics, Samsung, OPPO, ETRI, ZTE
· Alt-4: Hybrid solution
· Supported by Ericsson
· Introduce an new offset parameter (taking value of 0, …, 5) within the ControlResoureSet IE. This removes the Rel-15 restriction where the CORSET can only be aligned with 6-CRB boundaries
· Within the SearchSpace IE, the agreed RRC parameter freqMonitorLocations-r16 provides a PRB granularity offset from the first PRB in the CORESET for each LBT bandwidth

Offline Proposals for 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 to indicate the RB offset between the starting PRB index of the first 6 RB group CORESET and the first PRB index in the first RB set in the corresponding BWP.
· For search space configuration with multiple frequency domain monitoring occasions, 
· Each bit in frequencyDomainResources indicates one 6 RB group is included in the coreset or not
· Only the first 8 bits in frequencyDomainResources are valid
· 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) and rb-Offset in ControlResoureSet IE is applied from the first PRB in every RB set indicated in the bitmap.
· FFS: For modified Rel.15 CORESET configuration, rb-Offset also applies to the RB offset between the starting PRB index of the first 6 RB group n-th group of bits in frequencyDomainResources and the first PRB index in the eachn-th RB set. Full 6 RB groups are counted till the end of the RB set., where the number of n-th group ofThe bits in frequencyDomainResources is determined based on the number of available PRBs in n-th RB setsequentially maps to the 6 RB groups in all RB sets in the BWP.
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<QC’s proposal>
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Issue#2 (Medium priority): Allocation of the number of PDCCH candidates in search space set configuration
Several companies (Huawei, LG Electronics, Fraunhofer) addressed how to allocate the number of PDCCH candidates for search space set configuration having multiple monitoring locations in frequency domain. In Rel-15 NR, the number of PDCCH candidates per aggregation level is assigned in a search space set configuration with RRC parameter of nrofCandidates-SFI for DCI format 2_0 and nrofCandidates for the other DCI formats, as follows.

SearchSpace information element
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
    }                                                                                                   OPTIONAL,   -- Cond Setup
    duration                                INTEGER (2..2559)                                           OPTIONAL,   -- Need R
    monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                                      OPTIONAL,   -- Cond Setup
    nrofCandidates                          SEQUENCE {
        aggregationLevel1                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel2                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel4                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel8                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel16                      ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
    }                                                                                                   OPTIONAL,   -- Cond Setup
    searchSpaceType                         CHOICE {
        common                                  SEQUENCE {
            dci-Format0-0-AndFormat1-0              SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-0                           SEQUENCE {
                nrofCandidates-SFI                      SEQUENCE {
                    aggregationLevel1                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel2                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel4                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel8                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel16                      ENUMERATED {n1, n2}                         OPTIONAL    -- Need R
                },
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-1                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-2                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-3                           SEQUENCE {
                dummy1                                  ENUMERATED {sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20}  OPTIONAL,   -- Cond Setup
                dummy2                                  ENUMERATED {n1, n2},
                ...
            }                                                                                           OPTIONAL    -- Need R
        },
        ue-Specific                                 SEQUENCE {
            dci-Formats                                 ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},
            ...
        }
    }                                                                                                   OPTIONAL    -- Cond Setup
}

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP

Since we agreed to support a search space set having multiple monitoring locations in frequency domain where each of monitoring location corresponds to a CORESET configured within a LBT bandwidth, we need to decide how to assign the number of PDCCH candidates in this case. It seems straight-forward to consider the following two alternatives.
· 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 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.
· Supported by Huawei, LG Electronics, Fraunhofer, ZTE, ETRI
· 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 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.
· Supported by 

For Alt 2, the maximum number of PDCCH candidates for an aggregation level seems to be restrictive. Therefore, Alt 1 can be adopted and following proposal can be made.

Proposals for agreement:
· For a search space set configuration having multiple monitoring locations in frequency domain, the number of PDCCH candidates provided by nrofCandidates and/or nrofCandidates-SFI is assigned for each monitoring location.

Companies are requested to provide their views on the above proposals.
	Company
	Views

	Huawei, HiSilicon
	Alt 1

	ETRI
	Alt 1 (seems already clear)

	Spreadtrum
	Alt 1

	Panasonic
	Alt 1




Issue#3 (Low priority): PDCCH monitoring
Several companies (MediaTek, Lenovo, LG Electronics, Fraunhofer, NTT DOCOMO) suggested PDCCH skipping for the purpose of UE power saving and clarified PDCCH monitoring behaviour, as follow.
· MediaTek: If one of the LBT bandwidths is indicated as unavailable by a frequency domain availability indication in DCI format 2_0, the frequency-domain monitoring location corresponding to the unavailable LBT bandwidth is disabled.
· Lenovo: UE performs blind detection in each configured CORESET if the GC-PDCCH carrying DL subband-based LBT results is not available for the UE.
· LG Electronics: If a bitmap in DCI format 2_0 indicates that a LBT bandwidth is not available for DL reception for slot(s) within a gNB’s channel occupancy, UE is not required to monitor PDCCH configured to be monitored on the LBT bandwidth for those slots.
· NTT DOCOMO: In case of wideband operation case 2 where gNB may transmit PDSCH on part or whole of single active BWP where CCA is successful, UE performs blind detection of PDCCH and/or DMRS on every LBT bandwidth according to CORESET/search space configurations.

In addition, several companies (Huawei, Nokia, InterDigital, WILUS, Panasonic) suggested PDCCH BD/CCE limit distribution over LBT bandwidth, modification of search space set dropping rule, or definition of priority for each LBT bandwidth, as follow.
· Huawei: The maximum number of monitored PDCCH candidates and non-overlapped CCE per slot should be uniformly distributed among monitoring locations on the available LBT bandwidth.
· Nokia: For a search-space set associated with a CORESET confined within RB-set, the configuration may contain a parameter N indicating that search-space set is mapped only if gNB transmits on N RB-sets within a COT.
· InterDigital: Search space monitoring locations are assigned a priority index and search space dropping is performed at a monitoring location granularity.
· WILUS: We propose to set up the priority for CORESET confined in each LBT sub-band for monitoring PDCCH by the UE.
· Panasonic: Dropping rules are applied to ensure the BD/CCE limits are met for the set of actually monitored LBT bandwidths. PDCCH candidates in non-prioritized LBT bandwidths are dropped, and/or SS set with higher ID is dropped.

Proposals for discussion:
· Discuss further the necessity of enhancements/optimizations for PDCCH monitoring behaviors.


PDSCH
	Company
	Views

	ZTE [1]
	Proposal 1: The guard-band issues would be handled by scheduler implementation.

	Huawei [2]
	Proposal 2: gNB schedules PDSCH(s) confined within each LBT bandwidth and reserves all intra-carrier guard band at beginning of a DL burst. gNB could schedule PDSCH across multiple contiguous available LBT bandwidths and on the intra-carrier guard band(s) in-between in the rest of the DL burst. 
UE is able to determine whether there is PDSCH mapping on the intra-carrier guard band(s) based on Rate Matching Indicator in DCI format 1-1 and/or Available LBT bandwidth information in GC-PDCCH. UE assumes all intra-carrier guard bands are reserved if DCI format 1-0 is used.

	Intel [5]
	Proposal 1
· For DL wideband operation, 
· If gNB configures that gNB transmits PDSCH on whole of single active BWP if CCA is successful for whole LBT BWs inside the BWP at gNB (DL wideband alt-3), guardband is always used if overlapped with the resource allocation
· If gNB configures that gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (DL wideband alt-2), then UE always assumes nothing is transmitted on the Intra-carrier guardband
· The protection of guardband for DL wideband alt-2, rate-matching is performed around the configured intra-carrier guardband by the proper configuration of RateMatchPattern which is supported by Rel-15 NR

	Nokia [6]
	Proposal 4: NR-U UE shall receive PDSCH in scheduled partial RBGs, PRGs that occur due to intra-carrier GBs and Failed LBT sub-bands. 
· UE may assume that precoder in partial PRG is the same as precoder of neighboring full PRG.

	Spreadtrum [11]
	Proposal 1: The interruption due to filter adjustment at UE side should be considered.
Proposal 2: The interruption due to the filter adjustment can happen at a time as follows:
· Option 1: After GC-PDCCH
· Option 2: From several symbols before the second full slot
Proposal 3: An intra-carrier guard band can be part of a resource allocation, if two adjacent LBT bandwidths separated by the intra-carrier guard band are indicated LBT success.
Proposal 4: The intra-carrier guard band can be part of a resource allocation after a time offset relative to the starting of COT, where the time offset is to be specified in RAN4.

	ETRI [12]
	Proposal 11: Discuss a UE behaviour when UE is scheduled with a PDSCH outside the LBT subband(s) it currently assumes as available.

	InterDigital [14]
	Proposal 5: In-carrier guard bands can be dynamically deactivated to be used for transmission/reception of channels and signals.

	Ericsson [15]
	Proposal 1 Further discussion is needed on UE capability for simultaneous reception of two or more PDSCHs

	Sharp [16]
	Proposal 1:
· In-carrier guard-band between transmitted adjacent LBT bandwidths should be able to be used for PDSCH, when both LBT bandwidths at both sides of the in-carrier guard-band are available.

	Apple [17]
	Proposal 2: Rate matching around the intra-CC guard-band when allocated RBGs of Type-0 RA is partially overlapped with the guard-band and PDSCH is transmitted over one of two adjacent LBT bandwidth only.

	AT&T [18]
	Proposal 1: At the beginning of a gNB initiated COT, all transmissions (PDSCH, PDCCH, or CSI-RS) are contained within a single LBT subband; subsequent transmissions can map across LBT subbands per existing agreements

	NTT DOCOMO [19]
	Proposal 2: Availability of in-carrier guard-band between adjacent LBT bandwidths is defined as:
· Before the indication of available LBT bandwidths in GC-PDCCH: In-carrier guard-band is fixed to be unavailable for PDSCH and UE is not expected to be scheduled with the PRBs included in the in-carrier guard-band.
· After the indication of available LBT bandwidths in GC-PDCCH: In-carrier guard-band is available for PDSCH if CCA is successful in the corresponding contiguous LBT bandwidths.

	WILUS [21]
	Proposal 4: We propose to indicate the information in scheduling DCI whether or not in-carrier guard bands are used for frequency resource to schedule DL data for the wideband operation in DL.



Issue#1 (Low priority): Enhancements for PDSCH reception
Several companies (ZTE, Huawei, Intel) suggested to utilize Rel-15 NR feature such as PDSCH rate-matching, in order to handle the availability of in-carrier guard-band when intra-carrier guard bands are part of a PDSCH resource allocation. Meanwhile, some companies suggested methods for a UE to recognize the availability of in-carrier guard-band. Therefore, the methods to handle the case of PDSCH reception in in-carrier guard-band can be categorized as follows:
· Option 0: Whether in-carrier guard-band is available for DL reception or not is determined based on Rel-15 NR feature such as PDSCH rate-matching.
· Supported by ZTE, Huawei, Intel
· Option 1: In-carrier guard-band becomes available for DL reception X symbols after gNB’s DL burst starts.
· Supported by Spreadtrum, ETRI
· Option 2: In-carrier guard-band becomes available for DL reception if its availability is explicitly indicated, e.g., via DCI format 2_0.
· Supported by Spreadtrum, InterDigital, Sharp?, AT&T?, NTT DOCOMO, WILUS, Huawei, HiSilico, ETRI
· Option 3: In-carrier guard-band becomes available for DL reception if the LBT bandwidths at both sides of the in-carrier guard-band are scheduled for the DL reception.
· Supported by Sharp

[ETRI] In DL (RA type 0 and 1), it may work without further enhancement by proper gNB scheduling. But even for DL, it would be clearer if the specification says whether guard PRBs can be scheduled or not, in which time period it is schedulable. For UL (RA type 2), the enhancement is necessary.
[Panasonic] For Option 2, UE can know whether the in-carrier guard band is available for DL reception or not based on the already agreed frequency domain occupancy indicator bit-field in DCI format 2_0. Guard bands are necessary only at the edges of each block of contiguous (one or) multiple available 20 MHz LBT bandwidths. So this is also categorized as “explicit indication” in Option 2? If so , we support Option 2. 

In addition, Nokia and Apple suggested the followings for more efficient use of PRBs nearby in-carrier guard-band.
· Nokia: NR-U UE shall receive PDSCH in scheduled partial RBGs, PRGs that occur due to intra-carrier GBs and Failed LBT sub-bands. UE may assume that precoder in partial PRG is the same as precoder of neighboring full PRG.
· Apple: Rate matching around the intra-CC guard-band when allocated RBGs of Type-0 RA is partially overlapped with the guard-band and PDSCH is transmitted over one of two adjacent LBT bandwidth only.

Furthermore, Ericsson pointed out that we may need to clarify whether NR-U UE capability on reception of multiple FDMed PDSCHs over multiple LBT bandwidths requires eMIMO capability or not, which can be discussed in UE feature session.

Proposals for discussion:
· Discuss further the necessity of enhancements/optimizations for PDSCH reception behaviors, in addition to the following conclusion made in RAN1#97.
	Conclusion:
A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.




CSI-RS
	Company
	Views

	LG Electronics [8]
	Proposal #4: If a UE is configured with a CSI-RS spanning over multiple LBT bandwidths, the UE assumes the CSI-RS is not transmitted on PRBs contained in configured (or predefined) in-carrier guard band.
Proposal #5: If a UE is configured with a CSI-RS for CQI acquisition (or mobility) spanning over multiple LBT bandwidths and a bitmap in DCI format 2_0 indicates that a LBT bandwidth among corresponding multiple LBT bandwidths is not available for DL reception for slot(s) within a gNB’s channel occupancy, the UE is not required to perform CSI measurement (or RRM/RLM measurement) on the LBT bandwidth by using the CSI-RS for those slots.

	InterDigital [14]
	Proposal 6: UEs can perform and report measurements on CSI-RS located in resources overlapped by in-carrier guard bands.



Issue#1 (High priority): CSI-RS mapping in in-carrier guard-band
Even though a few companies addressed the issue on CSI-RS configured to be spanned over multiple LBT bandwidths, this issue seems to be resolved to finalize Rel-16 NR-U WI. To be specific, the issue to be resolved is how to map a CSI-RS in in-carrier guard-band where the frequency domain resource configured for the CSI-RS spans over multiple LBT bandwidths. It should be noted that whether in-carrier guard-band can be mapped with DL signal/channel or not may be determined based on LBT outcome or gNB’s filter adaptation time (which will be further discussed in RAN4). Particularly to CSI-RS, uncertainty on whether CSI-RS is mapped on configured in-carrier guard-band or not may lead to performance degradation on measurement result based on the CSI-RS. To make CSI-RS reception behaviour stable, simple way is not to map CSI-RS on configured in-carrier guard-band. Therefore, following proposal can be made:

Offline Proposals for agreement:
For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz,
· If a UE is configured with a CSI-RS spanning over multiple LBT bandwidths,
· Alt1: If the UE is monitoring DCI format 2_0 containing channel occupancy information in frequency domain and detects the DCI format 2_0 indicating all LBT bandwidths corresponding to the CSI-RS are available for DL reception, the UE is expected to receive CSI-RS over all contiguous LBT bandwidths configured for the CSI-RS. Otherwise, the UE assumes that the CSI-RS is not transmitted.
· Alt2: The UE is expected to receive over all contiguous LBT bandwidths configured for the CSI-RS. Otherwise, the UE assumes that the CSI-RS is not transmitted.
· FFS for CSI-RS for tracking


Companies are requested to provide their views on the above proposals.
	Company
	Views

	ETRI
	Agree with feature lead’s proposal.

	
	




Frequency domain channel occupancy indication
	Company
	Views

	ZTE [1]
	Proposal 2: GC-PDCCH indication in frequency domain issues are to be solved in the following way:
· The time domain validity of indication can be extended to a whole COT as LBT results performed in other LBT sub-bands within the COT may not be accurate.
· When GC-PDCCH is not configured or not received by the UE, or at the beginning of DL transmission burst, the UE can obtain the information about LBT outcome in each sub-band based on initial signal e.g. DMRS.

	MediaTek [4]
	Proposal 1: For a serving cell, a bitmap for indicating frequency domain availability can configured in DCI format 2_0: 
· The length of the bitmap is equal to the number of configured LBT bandwidths in the serving cell.
· The position of the bitmap in DCI and corresponding serving cell ID are provided by RRC.
· A value of ‘0’ in the bitmap indicates that corresponding LBT bandwidth is not available for DL reception and a value of ‘1’ in the bitmap indicates that corresponding LBT bandwidth is available for DL reception.
Proposal 2: If UE receives a frequency domain availability indication for a serving cell in a DCI format 2_0, this frequency domain availability indication is valid until: 
· The end of COT for the serving cell indicated by the same DCI format 2_0
· Receiving a new frequency domain availability indication for the serving cell in a later DCI format 2_0
Proposal 3: If no valid frequency domain availability indication is ongoing or GC-PDCCH is not configured for a serving cell, UE should assume that all the LBT bandwidths of the serving cell are available for DL reception.
Proposal 4: At the beginning of DL transmission burst of a serving cell, gNB could indicate UE that all the LBT bandwidths of the serving cell are available for DL reception.
Proposal 5: When UE detects a DCI format 2_0 indicating a reserved state (e.g., all “0”s) in the bitmap for frequency domain availability indication, UE assumes that only the LBT bandwidth(s) with detected DCI format 2_0 or any DCI format is available for DL reception.

	Samsung [9]
	Proposal 2: LBT bandwidth occupancy indication can be valid within a configured COT.
Proposal 3: It is up to UE implementation when GC-PDCCH is not available at the beginning of DL burst.
Proposal 4: It is up to UE implementation when GC- PDCCH is not configured.

	ETRI [12]
	Proposal 8: One or multiple GC-PDCCHs can be transmitted at the same time for frequency channel occupancy information. If multiple bitmaps from multiple GC-PDCCHs are detected at the same time, UE applies ‘OR’ operation across them.
Proposal 9: When GC-PDCCH is not configured, UE may perform DL burst detection in each LBT subband by implementation to recognize Tx bandwidth occupancy (UE perspective).



· Discuss indication of frequency domain channel occupancy structure for LBE in agenda item 7.2.2.1.2 (DL signaling and channels).


UL signal/channel design
	Company
	Views

	Huawei [2]
	Proposal 5: When UE is scheduled to transmit PUSCH across multiple contiguous LBT bandwidth by DCI format 0-1, 1 bit can be introduced in DCI to indicate UE whether to map PUSCH on the type-1 intra carrier guard band. When UE is scheduled to transmit PUSCH by DCI format 0-0, the intra-carrier guard(s) are always reserved.

	Intel [5]
	Proposal 1
· For UL wideband operation,
· Guardband is always used if overlapped with the resource allocation

	Nokia [6]
	Proposal 10: A UE may be configured with primary and secondary RB location for a PUCCH resource. UE selects secondary location if GC-PDCCH indicates the LBT sub-band corresponding to primary location as non-available and LBT sub-band corresponding to second location as available.

	Samsung [9]
	Proposal 8: For the UL wideband operation, intra-carrier guard bands can be used when contiguous LBT bandwidths are scheduled.

	OPPO [10]
	Proposal 2: interlace can be configured within BWP by configuring the starting RB of the interlace 0
Proposal 3: After valid RB is configured, intra-carrier GB of each LBT subband can be defined 
Proposal 4: For PUSCH FDRA, the indication of interlace index and LBT subband index is needed
Proposal 5: For PUSCH transmission in single LBT subband, UE transmits the RB of the indicated interlace(s) that overlap with valid RBs
Proposal 6: For PUSCH transmission in adjacent LBT subbands, UE transmits the RB of the indicated interlace(s) that overlap with valid RBs and also with the intra-carrier GB between the transmitted LBT subbands



· Discuss indication of frequency domain channel occupancy structure for LBE in agenda item 7.2.2.1.3 (UL signaling and channels).
[Huawei, HiSilicon] Similar as PDSCH, whether the intra carrier guard band could be scheduled for PUSCH should be discussed as well. 

Others
	Company
	Views

	Huawei [2]
	Proposal 6: To avoid switching of the active BWP due to premature expiry of the respective Inactivity Timer, the UE should pause the timer when the medium access is blocked, at least as sensed by the UE.

	Intel [5]
	Proposal 3:
· If a gNB-initiated COT is shared by a UE, then for UL transmissions the UE also can use the same parts of BWP as the available DL LBT subbands 
· If CCA fails on any of the available LBT subbands of the scheduled PUSCH, UE does not transmit the PUSCH for the gap larger than 16 us
· If multiple switching points are supported for a gNB-initiated COT, available LBT subbands may change after the UL-DL switching gap

	Nokia [6]
	Proposal 8: UE may expect SSB to be transmitted on one of secondary RB-sets, if the cell-defining SSB in primary sub-band is not indicated as available during the DRS window.
· UE shall not acquire MIB or RMSI on a secondary RB-set.
Proposal 9: Support a mechanism to halt a R15 BWP inactivity timer in times when gNB cannot access the channel.

	Samsung [9]
	Proposal 10: Interleave is done across idle LBT bandwidths in NR-U.

	ETRI [12]
	Proposal 10: Discuss Tx bandwidth adaptation (on/off of some LBT subbands) in the middle of a COT for NR-U wideband operation.




Reference
1. R1-1911826	Remaining issues on Wide-band operation for NR-U	ZTE, Sanechips
1. R1-1911870	NRU wideband BWP operation	Huawei, HiSilicon
1. R1-1912017	Discussion on wideband operation in NR-U	vivo
1. R1-1912092	Wideband operation for NR-U	MediaTek Inc.
1. R1-1912201	Wideband operation for NR-unlicensed	Intel Corporation
1. R1-1912280	On wideband operation in NR-U	Nokia, Nokia Shanghai Bell
1. R1-1912330	Wide-band operation for NR-U	Lenovo, Motorola Mobility
1. R1-1912393	Wide-band operation for NR-U	LG Electronics
1. R1-1912453	Wide-band operation for NR-U	Samsung
1. R1-1912510	Wideband operation for NR-U	OPPO
1. R1-1912574	Wideband operation in NR-U	Spreadtrum Communications
1. R1-1912639	Remaining issues on wideband operation for NR-U	ETRI
1. R1-1912659	Wideband operation for NR-U	Fraunhofer HHI
1. R1-1912700	NR-U Wideband operation	InterDigital, Inc.
1. R1-1912713	Wideband operation for NR-U	Ericsson
1. R1-1912767	Wideband operation for NR-U	Sharp
1. R1-1912809	Wideband operation for NR-U	Apple Inc.
1. R1-1912848	Remaining issues for wideband operation	AT&T
1. R1-1912878	Wide-band operation for NR-U	NTT DOCOMO, INC.
1. R1-1912942	Wideband operation for NR-U operation	Qualcomm Incorporated
1. R1-1913066	Wideband operation for NR-U	WILUS Inc.
1. R1-1913099	Wideband operation in NR unlicensed	Panasonic

Appendix: Previous agreements
Agreement: (RAN1#92bis)
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.

Agreement: (RAN1#94bis)
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

Agreement: (RAN1#95)
· For wideband operation for both DL and UL,
· Bandwidth larger than 20 MHz can be supported with multiple serving cells.
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· For UL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE
· It is noted that CCA is declared to be successful or not in multiples of 20 MHz.
· Detailed design and potential selection from the above options can be further discussed when specifications are developed considering protocol and RF aspects. 

Agreement: (RAN1#AH1901)
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.

Agreement: (RAN1#AH1901)
Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
· Inform RAN2 of this decision

Agreement: (RAN4#90bis)
· It is feasible to operate single carrier wideband operation when when LBT is successful in all LBT sub-bands
· FFS whether guardbands are needed in between LBT sub-bands or not
· Mode 2 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous) is feasible at least if PRBs within the guardband of two contiguous LBT sub-bands are not scheduled by gNB.
· FFS filter adaptation time if PRBs within the guardband of two contiguous LBT sub-bands are scheduled by gNB.
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage.
· Mode 3 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous) 
· is feasible at least if PRBs within the guardband of two contiguous LBT sub-bands are not scheduled by gNB. 
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage. 
· FFS what level of in-carrier leakage and blocking requirements can be met at the BS and UE
· FFS how to specify this in RAN4
· FFS filter adaptation time if PRBs within the guardband of two contiguous LBT sub-bands are scheduled by gNB.

Agreement: (RAN1#96bis)
For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, support at least Alt. 1 among the following alternatives
· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.
· Alt. 2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 
· Decision on whether this alternative is supported will depend on feedback from RAN4
· FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed, based on feedback from RAN4
· Necessity of guard bands within the scheduled PUSCH should be determined by RAN4
· FFS: Whether this applies also to configured grant PUSCH
· FFS: Whether this applies also to PUCCH

Agreement: (RAN1#96bis)
· Support a mechanism for a UE to detect gNB is transmitting across
· Multiple carriers 
· Multiple LBT bandwidths in a carrier. 
· The following mechanisms are to be considered:
· Option 1: Explicit indication via PDCCH
· FFS: The type of PDCCH (e.g., group common PDCCH or UE-specific PDCCH)
· FFS: Signaling details of the indication
· Option 2: Explicit indication via selection of a PDCCH DM-RS sequence from a set of PDCCH DM-RS sequences
· FFS: Details of the indication
· Option 3: Via UE implementation, i.e., implicit method based on NR-based signal such as DM-RS and/or corresponding PDCCH detection
· FFS: Which signals/channels or combination of signals/channels could be used by the UE
· Note: Above options are not mutually exclusive

Agreement: (RAN1#97)
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE

Conclusion: (RAN1#97)
A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.

Conclusion: (RAN1#98)
The following are unchanged from Rel-15 for PDCCH.
· The maximum number of monitored PDCCH candidates per slot and per serving cell.
· The maximum number of non-overlapped CCEs per slot and per serving cell.
· CCE-to-REG mapping rule and hashing function.

Agreement: (RAN1#98)
For CORESET configuration in a serving cell with carrier bandwidth greater than LBT bandwidth, 
· For the case where a CORESET is confined within a LBT bandwidth, the search space set configuration associated with the CORESET can have multiple monitoring locations in the frequency domain (per LBT bandwidth)
· Send an LS to RAN2 informing them of this agreement and providing clarifications on the above if necessary
· Note: For scenarios in which gNB transmits PDCCH/PDSCH on a single BWP if CCA is successful at gNB for the whole BWP, CORESET(s) need not all be confined within an LBT bandwidth, and no specification impact is foreseen

Agreement: (RAN1#98bis)
For a search space set configuration associated with multiple monitoring locations in the frequency domain (as per the previous agreement defining such a search space set associated with a CORESET confined within an LBT bandwidth):
· PRBs allocated by frequencyDomainResources in the CORESET configuration are confined within one of LBT bandwidths within the BWP corresponding to the CORESET.
· Within the search space set configuration associated with the CORESET, each of the one or more monitoring locations in the frequency domain corresponds to (and is confined within) an LBT bandwidth and has a frequency domain resource allocation pattern that is replicated from the pattern configured in the CORESET.
· CORESET parameters other than frequency domain resource allocation pattern are identical for each of the one or more monitoring locations in the frequency domain.
· Include this and the prior agreement on this issue in an LS to RAN2

Agreement: (RAN1#98bis)
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation

Agreement: (RAN1#98bis)
· For UL transmissions in a serving cell with carrier bandwidth greater than the LBT bandwidth, for the case where UE performs CCA before UL transmission, UE transmits on the UL only if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission
· The UE is not expected to receive resource allocations in discontiguous LBT bandwidths within a wideband carrier
· This does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications managed by RAN1 in Rel-16.
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