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1 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.

Considering RAN plenary guidance as below and RRC impact, the discussion on Section 2 (In-carrier guard-band and LBT bandwidth configuration) and Section 3.1 (PDCCH configuration) will be prioritized.
	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


2 Proposals
Offline consensus:
· Update the previous agreement for PDCCH configuration for wide-band operation, as follows:
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, with following clarifications 
· PRBs allocated by frequencyDomainResources in the CORESET configuration are confined within one of LBT bandwiths 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 (corresponding to LBT bandwidths) have 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 one or multiple monitoring locations in the frequency domain.
· 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
3 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 [3]
	Proposal 2: Guard band should be reserved between adjacent LBT bandwidths at beginning of a DL burst. gNB could remove guard bands between contiguous LBT bandwidths where CCA are successful in the rest of the DL burst. 

	Nokia [8]
	Proposal 4: NR-U UE shall receive PDSCH in scheduled partial RBG, 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.  

Proposal 5: Define sub-bands of NR-U carrier >20 in RAN1 based on position of intra-carrier-GB PRBs on a common PRB grid specified in RAN4

	Intel [9]
	Proposal 3

· For DL wideband operation Alt-2 (gNB transmits PDSCH on parts or whole of single active BWP where CCA is successful at gNB)

· UE assumes nothing is transmitted on the intra-carrier guardband at least for near the beginning of the DL burst

· After filter adaptation time, it is preferred to schedule data inside the intra-carrier guardband between two adjacent LBT BWs that succeed LBT.

· How to define filter adaptation time is up to RAN4

· For DL wideband operation Alt-3 (gNB transmits PDCCH/PDSCH on a single BWP if CCA is successful at gNB for the whole BWP)

· It is preferred to schedule data inside the intra-carrier guardband but final decision is up to RAN4 

· For UL wideband operation Alt-1 (UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH)

· It is preferred to schedule data inside the intra-carrier guardband but final decision is up to RAN4

	LG Electronics [12]
	Proposal #3: Investigate the impact of in-carrier guard-band on RAN1 specification, in terms of PDCCH configuration, PDSCH reception, and wide-band CSI-RS.

	InterDigital [14]
	Proposal 5: In-carrier guard bands are configured as part of BWP configuration.
Proposal 6: In-carrier guard bands can be dynamically deactivated to be used for transmission/reception of channels and signals.

Proposal 7: UEs can perform and report measurements on CSI-RS located in resources overlapped by in-carrier guard bands.

	Ericsson [15]
	Proposal 2 Support an RRC parameter RB-RangesPerCell-r16 used for defining the RB ranges for a carrier with multiple LBT bandwidths. Each RB range is fixed relative to Point A. The following two alternatives should be down-selected to one:

· Alt-1: An RB range is specified by a start RB index and an end RB index

· Alt-2: An RB range is specified by a start RB index and a number of RBs

For a carrier with only one LBT bandwidth, RB-RangesPerCell-r16 is not configured, in which case the RB range implicitly covers the whole carrier.
Proposal 4 Support a channel raster design for 20, 40, and 80 MHz carriers for both 15 and 30 kHz SCS that simultaneously achieves the following properties:

· a. Maximum offset from WiFi channel center frequencies of +/- 10 kHz for 30 kHz SCS and +/- 5 kHz for 15 kHz SCS

· b. Inter-carrier guardbands between any two carriers are an integer number of subcarriers and satisfy the minimum guardband requirements specified in 38.104 Table 5.3.3-1.

· c. Intra-carrier carrier guards within a 40 and 80 MHz carrier are in integer number of PRBs and satisfy RAN4 requirements on in-carrier leakage between LBT sub-bands.

· d. Intra-carrier guards within a wider carrier fully overlap both the intra-carrier and inter-carrier guards of narrower carriers.

	ETRI [16]
	Proposal 2: Each LBT subband comprises a set of physically consecutive PRBs within a carrier.

Proposal 3: LBT subband configuration is per carrier (and per subcarrier spacing) and their location is inherited in each bandwidth part belonging to the carrier.

Proposal 4: One set of LBT subbands is configured, and some PRBs among them are configured as guard PRBs. The guard PRBs can be turned on and turned off depending on timing.

Proposal 5: Every PRB in a carrier or a bandwidth part belongs to one and only one LBT subband.

Proposal 6: The timing when the guard PRBs are turned on can be defined relative to the beginning of a Tx burst or a COT, and can be either predefined or configured by gNB.

Proposal 7: The parameters related to the LBT subband configuration are introduced as optional.

	Qualcomm [18]
	Proposal 4. 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.

	NTT DOCOMO [19]
	Proposal 5: Pre-defined in-carrier guard-band between adjacent LBT bandwidths in the unit of PRBs is supported:

· Before the indication of available LBT bandwidths in GC-PDCCH: Pre-defined 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: Pre-defined in-carrier guard-band is available for PDSCH if CCA is successful in the corresponding contiguous LBT bandwidths.

	Panasonic [20]
	Proposal 3: Frequency domain occupancy indication in GC-PDCCH is used for the dynamic indication of the existence of in-carrier guard band. The amount of possible in-carrier guard band is semi-statically configured.


Summary: 
During RAN1#98 email discussion on RRC parameter for NR-U, it was discussed how to configure RB ranges for each LBT bandwidth, which is used to indicate LBT bandwidth level DL availability via GC-PDCCH.
Additionally, it should be noted that in previous RAN4 meeting (RAN4#92), the following agreements (quoted from R4-1910386) were made on guardbands for NR-U.

	Agreement:
· Define two different types of guardbands for NR-U: 

· Carrier guardbands (inter-carrier guardbands)

· In-carrier guardbands (intra-carrier guards)
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· Intra-carrier guards for a carrier configured by a serving cell are defined as an integer number of full PRBs. 

· These are defined on a common RB grid which reference point is 

   configured by the gNB as specified in section 5.3.4 of 38.101-1. 

· No intra-carrier guards are defined for 20 MHz carriers

· RAN4 is tasked to specify necessary sizes of the inter-carrier guardbands and number of PRBs needed for intra-carrier guards to meet spectral emission mask defined for NR-U. 

· The intra-carrier guard band could be scheduled if it is located within the adjacent contiguous LBT successful sub-bands where all scheduled LBT sub-bands have passed. Introduction of flexible guard-bands at sub-block edge is left FFS. Meaning scheduling of either additional or a reduced number of sub-block edge guard PRBs.


Here are company views on the configurability of in-carrier guard-band.
· 5 companies (InterDigital, Ericsson, ETRI, Qualcomm, Panasonic) suggested to semi-statically configure RB range of each LBT bandwidth including in-carrier guard-band between adjacent LBT bandwidths.

· 1 company (NTT DOCOMO) suggested that in-carrier guard-band between adjacent LBT bandwidths is pre-defined in the unit of RBs.
· 1 company (Nokia) suggests that sub-bands in RAN1 specification are implicitly defined based on intra-carrier GBs currently being specified in RAN4 for WB NR-U carrier.
However, since RAN4 will specify the needed number of PRBs for in-carrier guard-band to meet spectral emission mask which will be defined for NR-U, it seems necessary for UE to know the actual number of PRBs for in-carrier guard-band per LBT bandwidth.
If the PRB range of each LBT bandwidth or the number of in-carrier guard-band can be configured by RRC signaling, the details of RRC signaling (e.g., per cell vs. per BWP, starting index + duration vs. starting/ending index) can be determined by RAN2.

Based on above discussion, the following proposals can be made:
Proposals for agreement:
· For a carrier with multiple LBT bandwidths, support RRC parameter(s) to configure RB range of each LBT bandwidth and in-carrier guard-band between adjacent LBT bandwidths.
· Note: Signalling details are up to RAN2, taking into account at least the followings.

· Each RB range should be on a common RB grid.
· This RRC parameter(s) may not need to be configured for the case where a single LBT bandwidth covers the whole carrier bandwidth.
[Ericsson] Since we will need to compile a list of RRC parameters by the end of the meeting (using Jing’s format from the email discussion), why not try to agree on the structure at the same time as we make the above agreement (will save some work). Note this suggestion is consistent with our suggestion below on a modification to the above proposal.
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	RB-RangesPerCell-r16
	FFS: RAN2 to decide the value range for the parameter. 

	new
	FFS: RAN2 to decide
	Dedicated
	List of RB ranges (corresponding to LBT bandwidths) for a serving cell. RB ranges are defined relative Point A, and are thus on a common RB grid.
The RB ranges indicate usable RBs for scheduling/configuration of resources.

	FFS: RAN2 to decide whether or not parameter is configured for a carrier consisting of only a single LBT bandwidth.


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

	Company
	Views

	Ericsson
	If the RB ranges are specified for each LBT bandwidth, it does not seem necessary to signal the in-carrier guards. This will be known implicitly based on the configured RB ranges for each LBT bandwidth. If there is a gap, it is a guard. It can be discussed further if there is a rule on whether or not the guards can be used for scheduling/configuration of resources, e.g., between contiguous LBT bandwidths.
I don’t think it should be up to RAN2 decide if the LBT bandwidths are on a common RB grid. I believe we should make that decision in RAN1 as we did for the interlace structure for UL – we agreed in RAN1 that it is relative to Point A.

Suggestion for revised proposal:

· For a carrier with multiple LBT bandwidths, support an RRC parameter(s) that provides a list of to configure RB ranges of corresponding to the each LBT bandwidths within the carrier and in-carrier guard-band between adjacent LBT bandwidths.
· The RB range for each LBT bandwidth indicates the usable RBs for scheduling/configuration of resources. The RB ranges are defined on the common resource block grid and are thus relative to Point A for the carrier.
· Note: Signalling details are up to RAN2, taking into account at least the followings.

· Each RB range should be on a common RB grid.
· This RRC parameter(s) may not need to be configured for the case of a carrier with only a single LBT bandwidth. where a single LBT bandwidth covers the whole carrier bandwidth.


	Nokia, NSB
	· Intra-carrier guards for a carrier configured by a serving cell are defined as an integer number of full PRBs. 

· These are defined on a common RB grid which reference point is 

   configured by the gNB as specified in section 5.3.4 of 38.101-1. 

· No intra-carrier guards are defined for 20 MHz carriers

RAN4 is tasked to specify necessary sizes of the inter-carrier guardbands and number of PRBs
The intra-carrier GBs and sub-bands can be implicitly defined on a carrier, given the configured Point A and First usable PRB, as in R15.  RRC overhead configuring intra-carrier GBs or sub-bands is unnecessary.



	Huawei, HiSilicon
	LBT is performed in the unit of 20MHz according to the channelization in the regulation. LBT bandwidth should be independent of numerology, such as SCS, RB. 

To our understanding, the motivation to introduce RB range or in-carrier guard-band is to facilitate resource allocation. gNB should ensure the scheduled transmission meet the in carrier leakage.  If the NR Rel-15 resource allocation can provide enough scheduling granularity, e.g. in the unit of RB, the in-carrier guard can be implicitly avoided by not scheduling PDSCH on these RBs without defining either RB range or in-carrier guard band. 

The terminology of in-carrier “guard” is also not suitable if finally NRU support scheduling these resource in some scenarios, e.g. at late part of DL burst. “Guard” means these resource should not be used in any case. “Reserved resource” may be more accurate.  

	ETRI
	· RAN4 already agreed that guard PRBs can be scheduled. To enable this functionality, the guard PRBs (as a proper name) in addition to LBT bandwidths need to be seen in RAN1 spec.
· RAN4 definition on in-carrier guard PRBs would be band-specific. Thus we think RAN1/2 spec should provide general and flexible tool for in-carrier guard band configuration regardless of RAN4 work to support various implementations and potential unknown scenarios.
· The intention of the wording “Each RB range should be on a common RB grid” is not clear to us. If it just means all RBs are on a CRB grid, then it needs not be mentioned as it is obvious. A relevant issue would be whether CRB indexing or PRB indexing is used for the configuration of LBT bandwidths. This can be discussed in RAN1 and we think PRB indexing is sufficient assuming that all LBT bandwidths are confined within a carrier.


Furthermore, it was discussed how to determine the availability of RBs in in-carrier guard-band within DL or UL burst. However, it seems that RAN4 discussion needs to be preceded before RAN1 decides to use in-carrier guard-band for DL/UL data.
· For DL burst,

· 6 companies (Huawei, InterDigital, Intel, ETRI, NTT DOCOMO, Panasonic) suggested that in-carrier guard-bands between transmitted adjacent LBT bandwidths can be used for PDSCH, based on dynamic indication and/or channel occupancy time.

· 1 company (ZTE) suggested that PDSCH mapping in in-carrier guard-band can be handled by gNB implementation.
· 1 company (Nokia) suggested UE behavior for partial PRG where parts of a PRG falls into in-carrier guard-band.
· For UL burst,

· 2 companies (Intel, Qualcomm) suggested in-carrier guard-bands between scheduled adjacent LBT bandwidths can be used for PUSCH, in case of PUSCH Alt 1.
Proposal:

· Discuss the followings to use in-carrier guard-band for DL/UL data, with noting that these issues can be tied with RAN4.
· In-carrier guard-bands between transmitted adjacent LBT bandwidths can be used for PDSCH, e.g., based on dynamic indication or channel occupancy time.
· In-carrier guard-bands between scheduled adjacent LBT bandwidths can be used for PUSCH, in case of PUSCH Alt 1.

4 DL signal/channel design
4.1 PDCCH configuration
	Company
	Views

	Huawei [3]
	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.

	Lenovo [4]
	Proposal 9: Each DL subband is configured with an associated CORESET, and the configured CORESET in frequency domain is confined within the subband.
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.

	vivo [5]
	Proposal 6: 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.

	Samsung [6]
	Proposal 6: 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 7: 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.

	Fraunhofer [7]
	Proposal 1: We propose to deactivate the blind decoding for search spaces in subbands in which LBT has failed.

	Nokia [8]
	Proposal 1: 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 N_subband^start where the first common RB of the first group of 6 PRBs has common RB index N_subband^start.
Proposal 2: For a search-space set associated with a CORESET confined within sub-band, the configuration contains bitmap indicating sub-bands to which it applies. A configured CORESET confined within sub-band is mapped to all indicated sub-bands.

Proposal 3: For a search-space set associated with a CORESET confined within sub-band, the configuration may contain a parameter N indicating that search-space set is mapped only if gNB transmits on N sub-bands within a COT.

	Intel [9]
	Proposal 2: CORESET is configured with multiple monitoring positions in frequency domain in each LBT BW (based on the agreement)

· RRC parameter "SearchSpace" should enable multiple monitoring locations of CORESET in frequency domain

	OPPO [11]
	Proposal 1: multi-location monitoring is only performed during the phase where UE does not have knowledge about LBT bandwidth availability

Proposal 2: The reduction on the PDCCH candidate and non-overlapping CCE monitoring should not imply about LBT bandwidth priority 

	LG Electronics [12]
	Proposal #1: For the case where a CORESET is confined within a LBT bandwidth, in order to enable the search space set configuration (associated with the CORESET) to have multiple monitoring locations in the frequency domain (per LBT bandwidth),

· For CORESET configuration, consider one of the following alternatives.

·  Alt 1: Introduce new RRC parameter (e.g., frequencyDomainResources-r16) for 6 RB grid bitmap to configure frequency domain resource for a CORESET, where the RRC parameter corresponds to a single reference LBT bandwidth (e.g., the first LBT bandwidth within the active BWP).

·  Alt 2: Re-use current RRC parameter (i.e., frequencyDomainResources) for 6 RB grid bitmap to configure frequency domain resource for a CORESET, and apply Alt A or Alt B for search space set configuration only if the CORESET is configured to be confined within one of LBT bandwidths within the active BWP.

· For search space set configuration associated with a CORESET configured by applying Alt 1 or Alt 2, consider one of the following alternatives.

·  Alt A: Introduce a bitmap to allocate the CORESET to one or multiple LBT bandwidths, where each bit in the bitmap corresponds to each LBT bandwidth within the active BWP.

·  Alt B: Introduce a set of RB-offset values to allocate the CORESET to one or multiple LBT bandwidths, where each RB-offset value indicates the location of each monitoring occasion in frequency domain for the search space set configuration from a reference point (FFS on details for the reference point, including RB index 0 within the active BWP)

Proposal #2: Consider to align 6 RB grid for CORESET frequency domain resource configuration with starting RB index of associated LBT bandwidth, not with common RB index 0 as in Rel-15 NR.

	Sharp [13]
	Proposal 1: 

· NR-U should support an RB-wise offset for frequency domain CORESET allocation.

	InterDigital [14]
	Proposal 2: A UE determines the PDCCH monitoring configuration of a set of search-spaces based on the set of acquired LBT subbands.

Proposal 3: A UE switches to Phase B monitoring for a set of adjacent LBT subbands upon detecting that the gNB has acquired at least one of the LBT subbands.

	Ericsson [15]
	Proposal 1 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

	ETRI [16]
	Proposal 8: Revert the agreement on the CORESET configuration for NR-U in RAN1 #98 and discuss alternative solutions.

	MediaTek [17]
	Proposal 5: Introduce a new parameter in a search space set configuration to indicate one or more values, and each value corresponds to a frequency domain monitoring location of the associated CORESET.

· A value indicated by the new parameter represents a number of bits shifting on the bit string frequencyDomainResources included in the configuration of the associated CORESET.

	Qualcomm [18]
	Observation 1. It is up to RAN2 to define the detailed RRC signalling to support multiple monitoring locations in frequency domain feature, but RAN1 needs to clarify the functionality we would like to support.

Proposal 1. When sending LS to RAN2 for the agreement on supporting multiple monitoring locations in frequency domain, clarify the functionality as follows

· When a search space set is configured in a coreset with continuous RB allocations located in a single LBT bandwidth, and there are more than one LBT bandwidth in the DL BWP, it is supported to configure

· One or more “image” of the coreset where 

· Each image coreset has the same parameters as the original coreset 

· Each image coreset is a fixed RB offset away from the original coreset

· Each image coreset is located within one LBT bandwidth

· Each image coreset has the same QCL as the original coreset PDCCH

· The same search space set is associated with each image coreset

· The search space set associated with all image coresets and the original coreset are considered as a single search space set

· The search space set in all image coreset and the original coreset utilizes the same set of time domain starting positions
Proposal 2. For a single cluster Coreset, the coreset definition is changed from a 6 RB resolution bitmap to a starting RB from CRB 0 (in RB resolution) and length of the Coreset (6 RB resolution).

Proposal 3. For a multi-cluster Coreset, up to 5 clusters are supported, and the coreset definition is changed from a 6 RB resolution bitmap to, for each cluster, defining a starting RB from CRB 0 (in RB resolution) and length of the Coreset cluster (6 RB resolution).

	NTT DOCOMO [19]
	Proposal 3: For the association between search space configuration and CORESET configuration, multiple monitoring locations in the frequency domain are indicated by a list of frequencyDomainResources in ControlResourceSet associated with SearchSpace.

• UE capable of wideband operation Case 2 supports up to 5 monitoring locations in the frequency domain

Proposal 4: Even in case of wideband operation case 1, UE performs blind detection of PDCCH and/or DMRS on CORESET.

	Panasonic [20]
	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. 

- FFS: Enhancement to Rel-15 dropping rules

	WILUS [21]
	Proposal 1: It is necessary to investigate how to avoid increase PDCCH monitoring, compared with that used in Rel-15 NR, if 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.


Summary 1: 
	Agreement:

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


All companies (except for 2 companies, as below) seem to have the common understanding for the above agreement, but have different views only on signalling details.
· NTT DOCOMO suggested to indicate multiple monitoring locations in the frequency domain by using a list of (up to 5) frequencyDomainResources in ControlResourceSet associated with SearchSpace.

· ETRI suggested to revert the agreement and discuss alternative solutions.
For CORESET configuration, one company (Huawei) dealt with the condition to apply for the above agreement, where the CORESET should be configured to be contiguous and confined on the first LBT subband within the corresponding BWP. However, the necessity of such constraints has not yet been clearly understood.
[Huawei, HiSilicon] In R15, FrequencyDomainResource in ControlResourceSet provide not only the size but also the location of the CORESET in frequency domain. We proposed that in the configuration of ControlResourceSet, the field of FrequencyDomainResource provide frequency domain resource allocation for one of the monitoring location. The other locations can be derived from offset in SearchSpace. It makes full use the existing design. The CORESET configured can also be shared with search space do not need multiple monitoring locations. In order to avoid negative offset, the frequency resource of the first monitoring location (lowest PRB index) can be used.
For search space set configuration, several companies (Huawei, LG Electronics, Ericsson, MediaTek) suggested to configure a set of RB level offsets where the RB level offset indicates the starting PRB index of each monitoring location in frequency domain. Alternatively, several companies (LG Electronics, Nokia) suggested to configure bitmap to indicate on which LBT bandwidth(s) the associated CORESET can be replicated. Even though both ways can make it work, signaling details still seem to be up to RAN2.
Therefore, based on above discussion, the following proposals can be made:
Proposals for agreement:
· Update the previous agreement for PDCCH configuration for wide-band operation, as follows:
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, with following clarifications 
· PRBs allocated by frequencyDomainResources in CORESET configuration for that CORESET are confined within any one of LBT bandwidths for the corresponding BWP.
· A monitoring location in the frequency domain corresponds to a LBT bandwidth.
· Frequency domain resource allocation pattern in the LBT bandwidth associated with that CORESET can be replicated to one or multiple LBT bandwidths (corresponding to one or multiple monitoring locations in the frequency domain), by introducing a new RRC parameter for search space set configuration in RAN2.
· 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 foresee
Companies are requested to provide more clarifications (if needed, if any) or any views on the added clarifications as above.
	Company
	Views

	Ericsson
	We propose the following editorial changes to improve clarity:
· PRBs allocated by frequencyDomainResources in the CORESET configuration for that CORESET are confined within any one of LBT bandwidths within for the corresponding 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 (corresponding to LBT bandwidths) have a frequency domain resource allocation pattern that is replicated from the pattern configured in the CORESET. 
·  Frequency domain resource allocation pattern in the LBT bandwidth associated with that CORESET can be replicated to one or multiple LBT bandwidths (corresponding to one or multiple monitoring locations in the frequency domain), by introducing a new RRC parameter for search space set configuration in RAN2.
Question: Does RAN1 need to define the new RRC parameter, or is that left up to RAN2? If RAN2 will define it, then maybe we don’t need to tell them that they need to define it?

	Huawei, HiSilicon
	frequencyDomainResources should provide not only the size but also the location of CORESET in frequency domain. In order to minimize standard impact, It can indicate resource allocation for one of monitoring location. Indicating the monitoring location with lowest PRB can avoid introducing negative offset in search space configuration. 

A monitoring location should be confined within a LBT bandwidth

“Frequency domain resource allocation pattern” would better be modified as “monitoring location pattern in frequency domain”

	ETRI
	We feel more discussion is needed in RAN1 before sending LS. For example,

· Whether or not to support the new feature in Rel-16 if LBT bandwidths are not configured (from RAN1 spec perspective)
· Reference point of each monitoring occasion in relation to the above issue (e.g., first usable PRB in a carrier or BWP, first PRB within a LBT bandwidth)

· Whether each frequency information belongs to CORESET configuration or search space set configuration

· PRB granularity (summary 2 below)

· Applicability to CORESET #0


Updated Proposals for agreement:
· Update the previous agreement for PDCCH configuration for wide-band operation, as follows:
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, with following clarifications 
· PRBs allocated by frequencyDomainResources in the CORESET configuration are confined within one of LBT bandwiths 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 (corresponding to LBT bandwidths) have 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 one or multiple monitoring locations in the frequency domain
· 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
In addition, several companies pointed out the following aspects to be considered for a search space set associated with a CORESET but having multiple monitoring locations in the frequency domain.
· How to configure the number of PDCCH candidates for multiple monitoring locations in the frequency domain

· Search space dropping rule if the maximum number of monitored PDCCH candidates and/or non-overlapped CCEs per slot is overbooked
· PDCCH monitoring behavior if DL availability per LBT bandwidth can be varied
Proposals:
· Discuss further details at least on the followings for a search space set associated with a CORESET but having multiple monitoring locations in the frequency domain.
· How to configure the number of PDCCH candidates for multiple monitoring locations in the frequency domain

· Search space dropping rule if the maximum number of monitored PDCCH candidates and/or non-overlapped CCEs per slot is overbooked
· PDCCH monitoring behavior if DL availability per LBT bandwidth can be varied

Summary 2: 
Several companies (Huawei, vivo, Samsung, Nokia, LG Electronics, Sharp, Qualcomm) 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. In order to resolve this problem,
· Huawei, vivo, Sharp, and Qualcomm? suggested to introduce a new RRC parameter in CORESET configuration to indicate the starting PRB index of a group of 6 PRBs in each LBT bandwidth.
· [Huawei, HiSilicon] in order to reuse the existing field as much as possible, we think an offset indication from the existing 6 CRB group grid should be sufficient. 
· Samsung, Nokia, and LG Electronics suggested to 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.
However, we need to firstly discuss such kind of enhancements/optimizations for (wide-band) CORESET are necessary in addition to the introduction of search space set configuration having multiple monitoring locations in the frequency domain, where the search space set configuration can flexibly adjust starting PRB index in each monitoring occasion in the frequency domain.
Proposals:
· Discuss first whether modification for frequency domain resource configuration of a CORESET that may span over multiple LBT bandwidths is needed, to enhance resource utilization of the CORESET in each LBT bandwidth.
· If needed, discuss the necessity of introducing new RRC parameter to indicate the starting PRB index of a group of 6 PRBs in each LBT bandwidth
4.2 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.

	Samsung [6]
	Proposal 3: LBT bandwidth occupancy indication can be valid within a configured COT.
Proposal 4: It is up to UE implementation when GC-PDCCH is not available at the beginning of DL burst.

Proposal 5: It is up to UE implementation when GC- PDCCH is not configured.

	ETRI [16]
	Proposal 9: 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 10: 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).

	MediaTek [17]
	Proposal 1: For a serving cell, a bitmap for indicating frequency domain availability can be provided in DCI and transmitted on GC-PDCCH. 
· The length of the bitmap is equal to the number of configured LBT bandwidths in the serving cell

· If more than one bits are provided for the serving cell, each bit indicates whether the corresponding LBT subband in the corresponding carrier is available for downlink reception

· If only one bit is provided for the serving cell, the bit indicates whether the corresponding carrier is available for downlink reception

· The position of the bitmap in DCI and corresponding serving cell ID are provided by RRC 

Proposal 2: If UE receives a frequency domain availability indication for a serving cell in a GC-PDCCH, this frequency domain availability indication is valid until: 

· The end of COT for the serving cell indicated by the same GC-PDCCH

· Receiving a new frequency domain availability indication for the serving cell in a later GC-PDCCH

Proposal 3: When 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 subbands of the serving cell are available for DL reception.

Proposal 4: At the beginning of DL transmission burst of a serving cell, gNB could transmit an all “1” bitmap for the serving cell to indicate UE that all the LBT subbands of the serving cell are available for DL reception.

	NTT DOCOMO [19]
	Proposal 2: 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.


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

5 UL signal/channel design
5.1 Configured grant PUSCH
	Company
	Views

	vivo [5]
	Proposal 5: Configured grant-based wideband transmission spanning multiple subbands should be supported and discussed separately with scheduling grant-based UL wideband transmission.

	WILUS [21]
	Proposal 4: We propose to support only Alt-1 (i.e. A UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH) for both dynamic scheduled PUSCH and configured grant PUSCH in Rel-16 NR-U.


	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


To figure out the above highlighted FFS part, the following proposals can be made:

Proposals:
· 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 Alt. 1 (UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the PUSCH) for configured grant PUSCH.
· Discuss further details for resource configuration for configured grant PUSCH in agenda item 7.2.2.2.4 (Configured grant enhancement).
5.2 Dynamically scheduled PUSCH
	Company
	Views

	ZTE [1]
	Proposal 3: Considering spectral efficiency and transmission opportunity and DL/UL uniform design operation, Alt. 2 for UL BWP-based operation should also be supported.
Proposal 5: UE punctures the CBG transmission on the frequency resource that fails LBT. Or multiple PUSCH resource in different sub-band can be prepared by the UE.

	Huawei [3]
	Proposal 1: For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, Alt 2 should also be supported. UE could determine to transmit with either Alt 1 or Alt 2 based on the gNB’s configuration and its own capability.
Proposal 5: When dynamic transmission bandwidth adaption (Alt 2) is adopted to transmit PUSCH, gNB schedules single PUSCH based on PRB-based interlace design of the wideband BWP. UE punctures the PRB(s) on the LBT bandwidth(s) which fails LBT.

	Lenovo [4]
	Proposal 6: UE can transmit PUSCH on all or a subset of subbands of the scheduled PUSCH for which CCA is successful at the UE. 

Proposal 7: Prepared PUSCH on failed subbands is punctured in frequency domain depending on LBT outcome.

Proposal 8: CBG-based retransmission is supported for UL wideband transmission.

	vivo [5]
	Proposal 3: Alt. 2 should be supported for UL BWP-based operation in NR-U.
Proposal 4: TB adjustment based on LBT results among scheduled multiple slots at UE side should be supported to improve performance of Alt. 2 for UL BWP-based operation.

	Samsung [6]
	Proposal 1: For UL wideband operation, it is preferred to support only Alt 1.

	Fraunhofer [7]
	Proposal 2: Support Alt2 for wideband PUSCH transmissions with CAT2 and CAT4 LBT, if supported by RAN4.

	Nokia [8]
	Conclusion: With Alt.1 and when PUSCH is transmitted using CAT1 LBT or when CAT2/4 LBT passes on all sub-bands of schedule PUSCH, a UE/gNB may transmit/receive one TB across multiple sub-bands of a BWP.

	Intel [9]
	Proposal 1: For uplink wideband operation, Alt. 2 is not considered for Rel-16.

	Sony [10]
	Proposal 1: NR-U to support that: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 

	InterDigital [14]
	Proposal 8: In NR-U, UEs can transmit a TB on one of multiple granted UL resources, each applicable to different sets of LBT subbands.

	MediaTek [17]
	Proposal 8: For PUSCH wideband operation, Alt 2 is not considered for NR Rel-16.

	Qualcomm [18]
	Proposal 5: NR-U supports Alt 1 only for UL wideband BWP operation.

	NTT DOCOMO [19]
	Proposal 1: For UL wideband operation in NR-U, the operation in which UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE is deprioritized in Rel-16.

	WILUS [21]
	Proposal 3: We propose to implicitly or explicitly indicate the LBT sub-band allocation of the BWP for UL BWP operation in order to prevent the UE from unnecessarily performing channel access.

· Option-1: explicit & separate indication of LBT sub-band information and RIV indication for contiguous PUSCH RB-interlaced within an active UL BWP in the UL grant. 

· Option-2: implicit indication via joint indication with both LBT sub-band information and RIV indication for contiguous PUSCH RB-interlaced within an active UL BWP in the UL grant.
Proposal 4: We propose to support only Alt-1 (i.e. A UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH) for both dynamic scheduled PUSCH and configured grant PUSCH in Rel-16 NR-U.


Summary: Here is a summary on company views for Alt. 1 (UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH) and 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) for dynamic granted PUSCH transmission.
· Support only Alt. 1 in Rel-16 NR-U (6 companies): Samsung, Intel, MediaTek, Qualcomm, NTT DOCOMO, WILUS
· Support Alt. 2 in addition to Alt 1 (7 companies): ZTE, Huawei, Lenovo, vivo, Fraunhofer, Sony, InterDigital
Even though proponents supporting Alt. 2 are slightly more than those supporting only Alt. 1, it is proposed that Alt. 2 is deprioritized for scheduled/configured PUSCH, considering RAN guidance, UE/gNB implementation complexity, and that almost all CBs may be affected by punctured PUSCH.
Proposed conclusion:
· For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, Alt. 2 (UE transmits the PUSCH in all or a subset of LBT bandwidths of the PUSCH for which CCA is successful at the UE) is not considered for dynamically scheduled PUSCH and configured grant PUSCH in Rel-16.
6 Others
	Company
	Views

	Spreadtrum [2]
	Proposal 1: Interruption time can be considered for UE to adjust the receiving baseband filter according to LBT outcome.

Proposal 2: Interruption time can be considered as follows:

· Option 1: After GC-PDCCH

· Option 2: From several symbols before the second full slot

	Huawei [3]
	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. 

	Samsung [6]
	Proposal 8: Interleave is done across idle LBT bandwidths in NR-U. 

	Nokia [8]
	Proposal 6: RAN1 to discuss behavior for the situation when the DRS of the serving cell may be due on the sub-band which is not part of the gNBs ongoing DL COT. 

Proposal 7: Support a mechanism to halt a R15 BWP inactivity timer in times when gNB cannot access the channel.

	Intel [9]
	Proposal 4:

· 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

· If multiple switching points are supported for a gNB-initiated COT, available LBT subbands may change after the UL-DL switching gap

	ETRI [16]
	Proposal 11: Discuss Tx bandwidth adaptation (on/off of some LBT subbands) in the middle of a COT for NR-U wideband operation.

	MediaTek [17]
	Proposal 6: Frequency domain resource allocation for a PUCCH transmission can be configured/determined as an intersection of the two following parts:

· Allocation of interlace(s) by re-interpreting parameter startingPRB in PUCCH resource configuration as starting interlace index and introducing a parameter nrofInterlace to indicate number of allocated interlaces (1 or 2) in PUCCH format configuration (only for EPF2 and EPF3)

· Allocation of a LBT subband by introducing a new parameter (e.g., subbandLocation) in a PUCCH resource configuration 
Proposal 7: Configuring more than one frequency domain candidate resources distributed in different LBT subbands for a PUCCH transmission should be supported in NR-U.
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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
