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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.

2. UL BWP options

For BWP-based UL operation within a carrier with bandwidth larger than 20 MHz, the following two options are remaining since multiple active BWP operation is not supported for NR-U, and several companies showed their views for each option as follows.

· 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
· Supported by: InterDigital [17], WILUS [23]
· 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
· Supported by: ZTE [1], Huawei [2], vivo [3], Panasonic [4], Nokia [5], Sony [6], Sharp [18], InterDigital [17], WILUS [23]
In RAN1#96 meeting, the following two alternatives were discussed instead of the above two options, considering that parts of the activated BWP can be scheduled for PUSCH. For instance, when 40 MHz BWP is activated for a UE, PUSCH for the UE can be scheduled within 20 MHz BW. According to Option 2, even in this case, the scheduled UE can transmit PUSCH only if CCA is successful at UE for the whole 40 MHz. Several companies also provided their views on each alternative as follows.
· Alt. 1: Multiple BWPs can be configured, single BWP activated, UE transmits the PUSCH only if CCA is successful at UE for all of LBT sub-bands which include the scheduled PUSCH.
· Supported by: Intel [7], Samsung [9], MediaTek [10], OPPO [19], Xiaomi [22], WILUS [23]
· Alt. 2: Multiple BWPs can be configured, single BWP activated, UE transmits whole or part of the PUSCH only over the LBT sub-bands where CCA is successful at UE, among all of LBT sub-bands which include the scheduled PUSCH.
· Supported by: ETRI [13], Spreadtrum [15], OPPO [19], Qualcomm [21], Xiaomi [22], Charter [24], Huawei [2], Lenovo, Motorola Mobility [11], WILUS [23]
Proposal for agreement:
· For wideband operation in UL [with or within] a single serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, down-select between
· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of thescheduled 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. 
· FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed 
· FFS for the configured grant PUSCH
· FFS for PUCCH
· FFS on the case where multiple PUSCHs are scheduled in the same slot
· Note: It does not preclude that different alternatives are chosen for different use cases including e.g., configured grant PUSCH, Cat1 LBT.
3. DL/UL signal/channel design

3.1. DL signal/channel design

3.1.1. COT indication in frequency domain

	Company
	Views

	ZTE [1]
	Proposal 6: UE can obtain gNB’s Tx subband implicitly by detecting DMRS in all the  sub-bands, and no additional signaling for indicating gNB’s transmitted LBT sub-bands is needed.

	Huawei [2]
	Proposal 6: NR-U should specify mechanism(s) to facilitate receiver acquiring knowledge of transmitted LBT subband(s) when operation bandwidth is larger than 20MHz.
Proposal 7: gNB indicates DL transmitted LBT subband(s) in the GC-PDCCH at beginning and/or within the duration of DL burst. gNB acquires transmitted LBT subband(s) in UL by detection of front loaded DMRS of PUSCH(s).

	vivo [3]
	Proposal 3: The gNB’s transmitted LBT subband can be indicated to UE via a bitmap in the DCI.

	Panasonic [4]
	Proposal 2: For wideband operation, in addition to time domain structure defining DL, UL and Flexible symbols, COT structure defines in frequency domain which LBT sub-band(s) are accessible to the UE.

	Nokia [5]
	Proposal 1: Support a mechanism for a UE to indicate the gNB’s LBT outcome within one or more sub-bands in a serving cell for the same or other serving cell. 

Proposal 2: If it is decided that GC-PDCCH is assumed by UE to be always transmitted at the beginning of the COT, then GC-PDCCH signals gNB’s LBT outcome within one or more sub-bands in a serving cell. Consider only signalling mechanisms that do not require the gNB to remake a GC-PDCCH depending on the LBT outcome.

	Sony [6]
	Proposal 3: NR-U to support occupied bandwidth indication within DCI.

	Intel [7]
	Proposal 2: Use GC-PDCCH for indicating available LBT sub-bands

	Samsung [9]
	Proposal 4: For wideband NR-U operation, sub-band occupancy information is indicated by PDCCH or GC-PDCCH.

	MediaTek [10]
	Proposal 5: In addition to blind detection of PDCCH-DMRS/preamble, sub-band usage information within a wideband carrier should be explicitly indicated to UE though GC-PDCCH to let UE know which sub-band(s) is occupied by gNB.

Proposal 6: A UE may receive GC-PDCCH carrying sub-band usage information indicating one or multiple sub-bands within a wideband carrier from a gNB, then the UE can assume:
· The indicated sub-band(s) within a wideband carrier is occupied by the gNB
· The received control information in GC-PDCCH shall be applied to the indicated sub-band(s)

	Lenovo [11]
	Proposal 10: Indication of DL subband LBT results is supported.

	Fujitsu [12]
	Proposal 3: Self-scheduling per subband should be supported as a way to enable dynamic selection of subband based on the LBT results.

Proposal 4: For wideband BWP operation, subband usage information is explicitly indicated by GC-PDCCH.

Proposal 5: For CA, carrier usage information can be sent from other component carrier in a similar manner with subband usage information in wideband BWP operation.

	ETRI [13]
	Proposal 3: Tx bandwidth information is delivered to UE based on GC-PDCCH [as a part of a COT structure indication].

	LG [14]
	Proposal #2: GC-PDCCH indicates which LBT sub-band(s) within an active BWP or across carriers is(are) transmitted.

	Spreadtrum [15]
	Proposal 1: The information of successful sub-band-index should be carried in GC-PDCCH.

	Convida [16]
	Proposal 1: It may be beneficial to support both explicit and implicit indications of the sub-bands as it gives more flexibility to the gNB in scheduling the indication.

	InterDigital [17]
	Proposal 3:
A UE is configured with a set of COT indicating DM-RS configurations, each linked to a set of active LBT subbands and to PDCCH monitoring configuration switches for a set of search spaces.

	Sharp [18]
	Proposal 1: At least one of the following methods should be supported for detection of DL transmissions on multiple LBT sub-bands in a BWP:
· Alt 1: Detection of GC-PDCCH on each LBT sub-band,
· Alt 2: Cross-sub-band COT indication.

	OPPO [19]
	Proposal 1: gNB’s transmitted LBT subbands can be indicated through different DMRS sequences.

	NTT [20]
	Proposal 2: The UE behaviour for DMRS detection and how to determine LBT sub-band(s) to be monitored for PDCCH/GC-PDCCH detection in case of DL wideband operation with option 3 is down-selected from following alternatives. RAN1 should also discuss on whether/how to explicitly indicate actual transmitted LBT sub-band(s).
· Alt.1: The UE performs DMRS detection on every LBT sub-band individually within single active DL BWP, and the UE performs PDCCH/GC-PDCCH detection on LBT sub-band(s) where DMRS is detected.
· Alt.2: The UE performs DMRS detection on multiple candidate combinations of LBT sub-bands within single active DL BWP, and the UE performs PDCCH/GC-PDCCH detection on LBT sub-band(s) where DMRS is detected.
· Alt.3: The UE performs DMRS detection only on one specific LBT sub-band within single active DL BWP according to gNB configuration, and the UE performs PDCCH/GC-PDCCH detection on one or multiple LBT sub-bands, e.g., according to DMRS detection result such as detected DMRS sequence pattern.

	Qualcomm [21]
	Proposal 2: Include the subband usage information as part of the COT structure indication. This can be considered as “frequency domain” COT structure.

	Xiaomi [22]
	Proposal 4: The gNB’s LBT outcomes is conveyed to the UE by explicit indication via GC-PDCCH.

	Charter [24]
	Proposal 1: On the DL, the occupied LBT sub-bands are determined by the UE in an implicit manner based on DM-RS detection for each LBT sub-band.


Summary: At least 22 companies shared the view that LBT sub-band(s) transmitted by gNB needs to be informed. It could be helpful at least in that UE can skip PDCCH monitoring on LBT sub-band(s) where gNB does not transmit due to LBT failure. The detailed methods to inform gNB’s transmitted LBT sub-bands are summarized as follows.
· Based on explicit signaling: Huawei, vivo, Panasonic, Nokia, Sony, Intel, Samsung, MediaTek, Lenovo, Fujitsu, ETRI, LG, Spreadtrum, Convida, InterDigital, Sharp, OPPO, Qualcomm, Xiaomi
· [GC-]PDCCH: Huawei, vivo, Panasonic, Nokia, Sony, Intel, Samsung, MediaTek, Fujitsu, ETRI, LG, Spreadtrum, Sharp, Qualcomm, Xiaomi, Lenovo, Motorola Mobility, WILUS
· DM-RS sequence/resource: InterDigital, OPPO
· Based on implicit manner: ZTE, MediaTek, Convida, NTT, Charter
· DM-RS and/or corresponding PDCCH detection for each LBT sub-band: ZTE, NTT, Charter
Proposal for agreement:
· Support a mechanism for a UE to recognize the gNB’s LBT outcome across multiple carriers or across multiple LBT bandwidths for the following two wideband operation modes, respectively:
· Multiple carriers each with carrier bandwidth (CBW) equal to LBT bandwidth (LBW), i.e., CBW = LBW
· Single [or multiple] carrier where at least one carrier BW consists of multiple LBT bandwidths, i.e., CBW > LBW
· The following mechanisms are to be considered at least for skipping PDCCH monitoring [or signal detection] where gNB informs UE that carriers/LBT bandwidths are not occupied:
· Option 1: Explicit indication via PDCCH

· FFS on the type of PDCCH (e.g., group common PDCCH or UE-specific PDCCH)

· FFS on how to indicate gNB’s LBT outcome on carriers/LBT bandwidths
· Option 2: Explicit indication via different DM-RS sequences
· FFS on how to indicate gNB’s LBT outcome on carriers/LBT bandwidths
· Option 3: Implicit method based on NR-based signal such as DM-RS and/or corresponding PDCCH detection

· FFS further details

· Note: Above options are not mutually exclusive.
3.1.2. PDCCH

	Company
	Views

	ZTE [1]
	Proposal 2: Each LBT sub-band should be configured with an associated CORESET.

	Huawei [2]
	Proposal 3: At least at beginning of a DL burst, UE should be configured to monitor PDCCH search spaces associating with CORESETs on different LBT subbands. Each CORESET should be within a LBT subband.
· FFS: Maximum number of configured CORESETs and PDCCH search spaces
· FFS: Dynamic switching of PDCCH search spaces configuration in frequency domain in the COT

	vivo [3]
	Proposal 7: Flexible CORESET configuration is beneficial to improve PDCCH transmission opportunity for NRU operation in wideband carrier, i.e. 
· Increase the number of CORESETS that can be configured for a UE in each BWP;
· Wideband CORESET with new CCE/REG mapping or bundling schemes for CORESET; 
· Flexible CORESET/search space configuration adapted flexibly in time-frequency domain.

	Nokia [5]
	Proposal 4: Existing DL control structures (CORESETs and search-spaces) can be reused with the following modifications:
· CORESET configuration bitmap shall take into account the potential guard-bands and existing sub-band boundaries.
· Search-space hashing operates on CCEs of a CORESET within each sub-band.

	Intel [7]
	Proposal 3
· Number of CORESETs that can be configured per BWP is X
· X = 3 for Rel-15 NR
· X ( 3 for Rel-16 NR-U
· X can be determined based on RAN4’s guidance
· X can be different for BW size
· Each CORESET is confined within 20MHz LBT sub-band

	Samsung [9]
	Proposal 5: For wideband operation, PDCCH candidate(s) should be confined per LBT sub-band.

	MediaTek [10]
	Proposal 8: A CORESET is confined within a single cluster, which contains a set of contiguous RBs in frequency domain within a carrier.

Proposal 9: For a multi-cluster BWP, CORESET(s) can be configured in one or more of the clusters within a BWP.

	Lenovo [11]
	Proposal 9: Each DL subband is configured with an associated CORESET.

	Fujitsu [12]
	Proposal 6: Both subband confined CORESET and localized discontinuous CORESET can be used to support self-scheduling per subband in NR-U.

	ETRI [13]
	Proposal 2: In NR-U, a CORESET is configured to be confined within a LBT subband.

	LG [14]
	Proposal #3: The following enhancements for PDCCH can be considered.
· CORESET is configured to be mapped within a LBT sub-band.
· If it is necessary to consider configuring CORESET to be mapped across multiple LBT sub-bands,
· Guard band between LBT sub-bands (if defined by RAN4) can be excluded from the configured frequency domain resource for the CORESET.
· A hashed PDCCH candidate can be mapped to be confined within a LBT sub-band or sub-set of multiple LBT sub-bands.
· The number of PDCCH BD candidates per LBT sub-band is adapted based on actually transmitted LBT sub-band(s).

	Spreadtrum [15]
	Proposal 2: Each CORESET should be confined within a sub-band

	Convida [16]
	Proposal 2: Study how sufficient number of CORESETs can be assigned so that a UE can benefit from wideband operation. 
Proposal 3: NR-U should study the impacts of channel non-availability on special CORESETs such as CORESET0 and BFR-CORESET.

	InterDigital [17]
	Proposal 3:
A UE is configured with a set of COT indicating DM-RS configurations each linked to a set of active LBT subbands and to a set of PDCCH monitoring configuration switches for a set of search spaces.

	Sharp [18]
	Observation 2: Rel-15 NR PDCCH/PDSCH configuration/transmission achieves flexible DL frequency domain resource allocation already, and it can be used not to allocate some particular LBT sub-bands only.

	OPPO [19]
	Proposal 3: Reuse R-15 CORESET configuration and the PDCCH-to-CCE mapping on different LBT subbands should be unified no matter the number of actual transmitted LBT subbands is same or less than the scheduled LBT subbands. 

	Qualcomm [21]
	Proposal 1: Rel.15 NR wideband multi-cluster coreset with possible extensions can be used to support subband based access of wideband BWP.

	Xiaomi [22]
	Proposal 2: Further study new PDCCH mapping mechanism that confines a PDCCH transmission within a LBT subband.

	WILUS [23]
	Proposal 3: 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.

	Charter [24]
	Proposal 3: CORESET is configured to be confined within a LBT sub-band for wideband operation. 


Summary: At least 18 companies pointed out that some enhancements on PDCCH configuration are needed considering that not transmitting LBT sub-bands may impact on the reliable PDCCH reception. Therefore, the methods suggested by companies to cope with the impact of partial BWP transmission on PDCCH are summarized as follows.
· CORESET configured to be confined within a LBT sub-band
· Supported by: ZTE, Huawei, vivo, Intel, MediaTek (also for multiple contiguous LBT sub-bands), Lenovo, Fujitsu, ETRI, LG, Spreadtrum, WILUS, Charter
· Note that this could require to increase the number of CORESETs that can be configured for a UE in a BWP
· PDCCH candidate configured to be confined within a LBT sub-band
· Supported by: vivo, Nokia, Samsung, Fujitsu, LG, Xiaomi
· Note that this allows CORESET configured to be wider than a LBT sub-band and could require new CCE/REG mapping/bundling rule and/or modification of PDCCH hashing operation.
· CORESET and/or search space configuration to adapt frequency domain resource in addition to time domain resource
· Supported by: vivo
· [Huawei] We think the monitoring occasion in frequency domain can be adapted after UE acquired valid transmitted LBT subband.
· The number of PDCCH candidates per LBT sub-band is adapted based on actually transmitted LBT sub-band(s).
· Supported by: InterDigital, LG
· CORESET frequency domain resource configuration considering potential guard-bands at the edge of each LBT sub-band
· Supported by: Nokia, LG, Qualcomm, Huawei (between different CORESET in frequency domain at least at beginning of COT)
Proposal:
· For NR-U for wideband operation in DL with a single serving cell with carrier bandwidth greater than LBT bandwidth, the following candidates can be considered for PDCCH enhancements. Companies are encouraged to provide their views and specification impact analysis on the following candidate enhancements to PDCCH.

· CORESET configured to be confined within a LBT bandwidth

· CORESET configured to be confined within one or multiple contiguous LBT bandwidths
· PDCCH candidate configured to be confined within a LBT bandwidth
· CORESET and/or search space configuration to adapt frequency domain resource in addition to time domain resource
· The number of PDCCH candidates per LBT sub-band is adapted based on actually transmitted LBT sub-band(s).
· CORESET frequency domain resource configuration considering potential guard-bands at the edge of each LBT bandwidth
Proposal (Alt.1):
· For NR-U for wideband operation in DL [with or within] a single serving cell with carrier bandwidth greater than LBT bandwidth, on top of NR PDCCH configuration, PDCCH candidate is confined within a single LBT bandwidth.
· FFS on details for PDCCH mapping if CORESET BW is configured to be larger than LBT bandwidth
· FFS on the maximum number for CORESETs per BWP if CORESET BW is configured to be equal to LBT bandwidth

Supported by: LG Electronics, Nokia, NTT DOCOMO, Sharp, Xiaomi

Objected by: Qualcomm

[Qualcomm] This proposal seems to mandate a lot more coresets. Currently in Rel15 NR, my impression is the UE must support two coresets, and may support 3 coresets. If we end up with many coreset, I believe the proposal is reasonable, but this also means we have a lot of GC-PDCCH to monitoring (currently it is only 1 or 2) if we put it per LBT subband. Our other proposal is to reuse the multi-cluster coreset in NR, where single coreset spans multiple LBT subands. Here at least for GC-PDCCH, we can interleave it to all clusters, then no matter which subbands are not transmitted, it will be decodable when puncturing of CCEs. Seems to us this is an easier way than having many GC-PDCCH configured 1 or 2 per subband
[Sharp] PDCCH candidate can be configured to be confined within a single LBT bandwidth, but it does not mean this needs to be applied always. DL wideband operation Option 2 is a special case of Option 3. For LBT sub-bands operated  with Option 2, this may not be necessary and Rel-15 configuration is sufficient. I agree that NR-U should support the PDCCH candidate confined within a single LBT bandwidth, but whether to configure in this way is up to gNB’s choice.

[Ericsson] It should be clarified that this proposal is for Mode 2 (Single serving cell with CBW > LBW)
[ZTE] Firstly, we think that the number of Coreset (i.e. 3) should not be changed and confine PDCCH candidate within a single LBT bandwidth if CORESET BW is configured to be larger than LBT bandwidth.
Proposal (Alt.2):
· For NR-U for wideband operation in DL [with or within] a single serving cell with carrier bandwidth greater than LBT bandwidth, on top of NR PDCCH configuration, the following candidates can be considered for PDCCH enhancements. Companies are encouraged to provide their views and specification impact analysis on the following candidate enhancements to PDCCH.
· Increase the maximal number of CORESETs per BWP up to A (>3)
· FFS on the value of A
· Confine PDCCH candidate within a single LBT bandwidth if CORESET BW is configured to be larger than LBT bandwidth
· FFS on PDCCH mapping details
3.1.3. PDSCH

	Company
	Views

	ZTE [1]
	Option2:  PDSCH can be spanned over multiple LBT sub-bands and the part of PDSCH is punctured if some of LBT sub-bands including PDSCH are not transmitted due to LBT failure at gNB.
Option3: one PDSCH has multiple resources in different subband. And gNB prepares for multiple sets of PDSCH mappings and selects one of them depending on LBT outcome.
Proposal 3: Option 2 and option 3 discussed above can be considered for PDSCH transmission in BWP operation.

	Huawei [2]
	Proposal 2: The following two alternatives can be considered for PDSCH scheduling and transmission at beginning of a gNB acquired COT.
· Alternative 1: scheduling multiple PDSCHs, each located within a LBT subband. Do not transmit PDSCH(s) on the LBT subband(s) where CCA fails. 
· Alternative 2: scheduling PDSCH assuming all LBT subbands are available. Puncturing the REs on the LBT subband(s) where CCA fails.

	Panasonic [4]
	Proposal 3: Support the following options for PDSCH transmission in wideband operation:
· Each PDSCH is contained within a LBT sub-band (FFS for the same UE)
· PDSCH can be spanned over multiple LBT sub-bands and the part of PDSCH is punctured where CCA fails. 
· gNB prepares for multiple sets of PDSCH mappings and selects one of them depending on LBT outcome

	Nokia [5]
	Proposal 5: For NR-U, the total number N of parallel PDSCH scheduled by separate PDCCH in different sub-bands of BWP is a UE capability, where reported value ranges 3<N<=[4].

	MediaTek [10]
	Proposal 7: At least for initial slot(s) in a gNB-initiated COT, a PDSCH is transmitted only if CCA is successful at gNB for all of LBT sub-bands which include the PDSCH, and these sub-bands should be contiguous.

	Lenovo [11]
	Proposal 1: For wideband operation, single PDSCH is prepared by gNB.

Proposal 2: gNB can transmit PDSCH on the subbands with successful LBT. 

Proposal 3: Prepared data for PDSCH on failed subbands is punctured depending on LBT outcome.

Proposal 4: CBG-based retransmission is supported for DL wideband transmission.

	LG [14]
	Proposal #4: Adopt PDSCH mapping with the following order: Frequency-first mapping followed by time within a LBT sub-band, then across LBT sub-bands.

	Spreadtrum [15]
	Proposal 3: Both puncture and a priori preparing of multiple PDSCH mapping could be considered for PDSCH transmission.

	InterDigital [17]
	Proposal 2:
A UE operates on a single contiguous block of LBT subbands per COT.
Proposal 4:
NR-U CBG construction should consider LBT subbands.

	Sharp [18]
	Observation 1:

Rel-15 NR PDCCH/PDSCH configuration/transmission achieves flexible DL frequency domain resource allocation already, and it can be used not to allocate some particular LBT sub-bands only.

	OPPO [19]
	Proposal 4: PDSCH puncturing with CBG based transmission is preferred for option 3.

	Xiaomi [22]
	Proposal 3: For the DL transmission, gNB punctures the data transmission on the frequency resource that fails LBT.


Summary: At least 12 companies discussed the methods for PDSCH transmission to cope with the situation that the part or whole of PDSCH may not be transmitted if it is mapped on LBT sub-band(s) where CCA is failed at gNB. Therefore, the discussed methods are summarized as follows. It should be noted that the following methods can be applied at least for the initial slot(s) within the gNB’s COT.

· Each PDSCH is mapped within a LBT sub-band or contiguous LBT sub-bands and the part of PDSCH is not punctured due to LBT outcome at gNB.
· Supported by: Huawei, Panasonic, Nokia, MediaTek, Sharp
· Note that Huawei and Nokia also suggested that a UE can be scheduled with more than one PDSCHs where each PDSCH is transmitted on the separate LBT sub-bands.
· PDSCH can be spanned over multiple LBT sub-bands and the part of PDSCH is punctured if some of LBT sub-bands including PDSCH are not transmitted due to LBT failure at gNB.
· Supported by: ZTE, Huawei, Panasonic, Lenovo, LG, Spreadtrum, InterDigital, OPPO, Xiaomi
· Note that this could require new PDSCH RE mapping rule (e.g., frequency-first mapping followed by time within a LBT sub-band, then across LBT sub-bands) and CBG operation.
· gNB prepares for multiple sets of PDSCH mappings and selects one of them depending on LBT outcome.
· Supported by ZTE, Panasonic, Spreadtrum
Proposal:
· At the beginning of gNB’s COT, the following candidates can be considered for PDSCH. Companies are encouraged to provide their views, analysis of specification impact, and implementation complexity on the following candidates for PDSCH transmission/reception.

· Each PDSCH is mapped within a LBT sub-band or contiguous LBT sub-bands and the part of PDSCH is not punctured due to LBT outcome at gNB.
· PDSCH can be spanned over multiple LBT sub-bands and the part of PDSCH is punctured if some of LBT sub-bands including PDSCH are not transmitted due to LBT failure at gNB.
· gNB prepares for multiple sets of PDSCH mappings and selects one of them depending on LBT outcome.
· FFS on whether to support more than one PDSCH reception where each PDSCH is transmitted on the separate LBT sub-bands
3.2. UL signal/channel design

	Company
	Views

	ZTE [1]
	Proposal 4: A PUCCH resource should be restricted within a LBT subband.
Proposal 5: UE punctures the CBG transmission on the frequency resource that fails LBT. Or multiple PUSCH resource in different subband can be allocated for one UE.

	Huawei [2]
	Proposal 4: When dynamic transmission bandwidth adaption (option 3) 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 subband(s) which fails LBT.

Proposal 5: A PUCCH resource should be restricted within a LBT subband.

	vivo [3]
	Proposal 5: TB adjustment based on LBT results among scheduled multiple slots at UE side should be supported to improve performance of option 3 for UL BWP-based operation.
Proposal 6: Configured grant-based wideband transmission spanning multiple subbands should be supported and discussed separately with scheduling grant-based UL wideband transmission.

	Nokia [5]
	· Scenario 0: gNB shared COT Option 3 and PUSCH/PUCCH scheduled in one sub-band with CAT1 or CAT2 LBT at UE
· Scenario 1: gNB shared COT Option 3 and PUSCH/PUCCH scheduled in multiple sub-bands with CAT1 at UE
· Scenario 2: gNB shared COT Option 3 and PUSCH/PUCCH scheduling in multiple sub-bands with CAT2 at UE
· Scenario 3: UE COT Option 3 with CAT4 LBT at the UE

Proposal 8: If BWP operation according to Option 3 is supported for UL, in Scenario 2 and 3, a UE/gNB transmits/receives one TB per sub-band in the first/partial slot(s) of a COT, in later consecutive slots TB may span over multiple sub-bands of a BWP.

Proposal 9: If BWP operation according to Option 3 is supported for UL, in Scenario 0 and 1, a UE/gNB may transmit/receive one TB across multiple sub-bands of a BWP.

Proposal 10: If BWP operation according to Option3 is supported for UL, in Scenario 2 and 3, in case of contiguous multi-PUSCH scheduled within the same COT, HARQ process indexing in multiple PUSCH depends on the outcome of LBT.
Proposal 11: If BWP operation in any of Scenarios 0-3 is supported, PUCCH resource configuration in frequency domain is enhanced to ensure sufficient number of PUCCH resources on each BWP sub-band. 

	Intel [7]
	Proposal 4:
· If a gNB-initiated COT is shared by a UE, then for UL transmissions the UE also uses the same parts of BWP as the available DL LBT subbands 
· If CCA fails on any of the available LBT subbands inside a COT, UE does not transmit uplink channels
· If multiple switching points are supported for a gNB-initiated COT, available LBT subbands may change after the UL-DL switching gap

	Lenovo [11]
	Proposal 5: For wideband operation, single PUSCH is prepared by UE.

Proposal 6: UE can transmit PUSCH on the subbands of the single activated BWP based on LBT outcome. 

Proposal 7: Prepared data for PUSCH on failed subbands is punctured depending on LBT outcome.

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

	Spreadtrum [15]
	Proposal 5: Both rate matching and puncture methods should be considered in UL wideband transmissions.
Proposal 6: The information of successful sub-band-index should be carried in PUCCH.
Proposal 7: It is beneficial to introduce CBG-based initial transmission, and the relevant studies are needed.

	InterDigital [17]
	Proposal 6:
In NR-U, UEs can transmit a TB on one of multiple granted UL resources applicable to multiple sets of LBT subbands.

	WILUS [23]
	Proposal 2: We propose to implicitly or explicitly indicate the LBT sub-band allocation of the BWP for Option 2 or 3 in UL BWP operation in order to prevent the UE from unnecessarily performing channel access.


Proposal:
· Discuss further the potential enhancements of PUSCH/PUCCH after clarifying Options 2 and 3 as suggested in Section 2.
3.3. Others

	Company
	Views

	Nokia [5]
	Proposal 6: Define NR-U carrier >20MHz and corresponding RB grid such that GBs defined by RAN4 for temporal BWPs are met and 
· GBs between sub-bands are full PRBs
· Sub-bands are on the common PRB grid determined by Point A
· Temporal BWPs configured on the carrier are nested and aligned with the edges of the sub-bands

	Sony [6]
	Proposal 2: NR-U to support prioritization between multiple configured sub-bands for transmissions over a wideband carrier.

	Ericsson [8]
	Proposal 1
For the purposes of discussion in RAN1, the two wideband modes listed in the WID are characterized as follows:
· Wideband Mode 1 (WB1): Single carrier or multiple aggregated carriers where each carrier has CBW = LBW
· Wideband Mode 2 (WB2): Single wideband carrier with CBW > LBW

Proposal 2
In both DL and UL, RAN1 and RAN4 should prioritize development of specifications for Wideband Mode 1, i.e., where the carrier bandwidth (CBW) is equal to the LBT bandwidth (LBW). This allows aggregation of multiple 20 MHz carriers, e.g., in the 5 GHz band, and aggregation of potential wider carriers in new bands. Channel puncturing for Wideband Mode 2 (CBW > LBW) is an optimization that could be considered in a later release.

	MediaTek [10]
	Proposal 1: A DL BWP consists of one or more radio resource clusters, each of which contains a set of contiguous RBs in frequency domain within a carrier.

Proposal 2: A UL BWP consists of a single radio resource cluster, which contains a set of contiguous RBs in frequency domain within a carrier.

Proposal 3: The signal in a cluster can be transmitted if LBT succeeds in all the LBT sub-bands within the cluster.
Proposal 4: The initial DL/UL BWP for NR-U is a single-cluster BWP.

	ETRI [13]
	Proposal 1: Tx bandwidth adaptation in the middle of a COT is discussed as a part of NR-U wideband operation.

	LG [14]
	Proposal #5: The impact of the case where only parts of configured CSI-RS bandwidth can be transmitted on CSI/RRM/RLM measurement should be further discussed.

	OPPO [19]
	Proposal 2: PDSCH transmission on parts of a single active BWP where CCA is successful at gNB can be restricted within contiguous subbands.

	NTT [20]
	Proposal 1: For DL wideband operation in NR-U, the UE is informed whether the serving gNB operates with option 2 or option 3.


4. BWP switching

	Company
	Views

	Huawei [2]
	Proposal 8: 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.

	Nokia [5]
	Proposal 3: Support a mechanism to halt a R15 BWP inactivity timer in times when gNB cannot access the channel.

	LG [14]
	Proposal #6: Discuss further BWP switching operation for NR-U.

	InterDigital [17]
	Proposal 1:
A UE can be configured with time instances when to switch active BWPs, to enable cycling among configured BWPs.


Proposal:
· Discuss further whether and how to support BWP switching operation for NR-U.
5. Email discussion during RAN1#96bis
5.1. Issue 1: NR-U WI scope for wide-band operation
The WID objective related to wide-band operation is as follows.
	-
Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).


The TR description related to this issue is captured as follows.

	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.


The several companies provided their views as follows.
· NR-U supports CA operation where more than one carriers have BW wider than LBT bandwidth (e.g., 40 + 40 MHz CA)
· YES: LG Electronics, Nokia, Huawei, Qualcomm, NTT DOCOMO, Sharp, WILUS, Xiaomi, ZTE
· NO: Ericsson

[Ericsson] Please let me clarify our understanding on the scope described in the WID. Our understanding of the text, and it’s intent when it was drafted is the following:

· Two modes are defined at the same level:

· Mode 1: Wideband operation in multiples of 20 MHz supported with multiple serving cells
· Mode 2: Wideband operation in multiples of 20 MHz supported with one serving cell with bandwidth > 20 MHz
· As written in the WID, Mode 2 has potential scheduling constraints depending on RAN2/4 feedback for the case when LBT is unsuccessful in one or more LBT subbands.

· For both modes, LBT is performed in units of 20 MHz (at least for 5 GHz)

· The intent of this was to indicate that for 6 GHz, the LBT bandwidth is still undecided; it may be larger than 20 MHz, depending on what channelization is decided for the 6 GHz band.

· As written in the WID, Mode 1 is not subject to RAN2/4 feedback

· If Mode 1 was meant to be subject to RAN2/4 feedback for the case when LBT is unsuccessful in one or more subbands, then it would have been written that way

· Our interpretation of the WID:

· Mode 1 is multiple 20 MHz serving cells, not multiple wideband serving cells

· Mode 2 is a single serving cell with CBW > 20 MHz

· Relaxed interpretation:

· We understand that aggregation of wideband carriers can be beneificial (e.g., 80 + 80, …), especially in the 6 GHz band where the channelization may end up being larger than 20 MHz. Our intent is not to preclude that. However, in terms of WID scope, if multiple wideband carriers are aggregated, then LBT should be successful in all LBT subbands of those carriers, since Mode 1 is not subject to RAN2/4 feedback for the case when LBT is successful in one or more LBT subbands.

[Nokia] WID does not talk about MODES, it talks that CA is supported, and BWP >20MHz is supported within one cell subject to scheduling restrictions and feasibility.
Proposed conclusion:
· NR-U supports CA operation where more than one carriers have BW wider than LBT bandwidth (e.g., 40 + 40 MHz CA)

· Send LS to RAN4 to inform RAN1’s understanding on the scope of NR-U WI for wide-band operation.
5.2. Issue 2: Guard band between LBT bandwidths within a wide-band BWP/carrier
Based on Nokia’s proposal [5], the following proposal is made and supported by LG Electronics, Nokia, NTT DOCOMO, Qualcomm, WILUS, and ZTE.
Proposal:
· RAN1 recommends that RAN4 defines NR-U carrier > 20 MHz and corresponding RB grid such that guard bands expected to be defined by RAN4 for transmitted LBT bandwidth combinations meet the following conditions
· Guard bands between LBT bandwidths are integer multiples of PRB
· Each LBT bandwidth is aligned on the common PRB grid determined by Point A
· Send LS to RAN4
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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

