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[bookmark: _Ref1052496]Introduction 
We have following agreements on wideband operation during the NR-U work item phase:

	In RAN1 NR Adhoc:
Agreement:
· 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:
· 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

In RAN1 #96bis:

Agreement:
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

In RAN1 #97:

Agreement:
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




This contribution discusses the remaining issues for downlink wideband operations and also proposes the desirable mechanism for uplink wideband operation.
Wideband operation for UL
In RAN1 #96bis, we have agreed to support Alt. 1 below and we will further discuss whether Alt. 2 is additionally supported 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.
· 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. 

In principle, compared to Alt 1, Alt 2 needs more UE implementation complexity and also may have scheduling restriction in gNB side as well. For example, if a UE needs to change the PUSCH/PUCCH formats based on subband LBT outcomes, sufficient processing time has to be guaranteed not only for physical channel reformatting, e.g., re-encoding or puncturing, but also for desirable baseband filtering (it was confirmed by RAN4 that RF filtering change is not necessary for wideband operation [3]). 
And also, if a UE acquires the uplink COT for transmitting the grant based PUSCH, the PUSCH (including freq resource, MCS, power control) is already scheduled by the gNB but the UE needs to change the form for PUSCH depending on the subband LBT outcomes and the corresponding scheduling mismatch may lead unnecessary HARQ retransmissions. If the scheduling is given for multiple contiguous PUSCHs using multi-TTI scheduling, the drawbacks will become more serious. If only some of LBT bandwidths are available, rather than acquiring the COT for some LBT bandwidths and using them for COT duration, it may be better to wait until whole LBT bandwidths are available to send the PUSCH just as scheduled. 

If the option 2 is supported, then there is a needs for UE to explicitly indicate the available LBT BW to the gNB if there is mismatch between scheduled PUSCH and actually transmitted PUSCH. However, there is no explicit mechanism supported and only DMRS based blind detection is possible. However, DMRS based blind detection is not sufficiently reliable especially under the unlicensed band. From that perspective, option 2 is not feasible unless there is reliable mechanism to indicate available LBT BWs. 
By taking account the above aspects, option 2 seems not a feasible approach for UL wideband operation. In addition, in RAN plenary #84, it was agreed that support of PUSCH Alt 2 is considered as an optimization [4].  

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

Wideband operation for DL

Indication of available LBT bandwidth
As given in section 1, it was agreed to support a mechanism for a UE to detect gNB is transmitting across multiple carriers or multiple LBT bandwidths in a carrier. For this purpose, it is desirable to explicitly indicate gNB’s transmitted LBT bandwidths to UEs since blind detection of available LBT bandwidths may not be sufficiently reliable so that it can lead to many unnecessary operation for the error case. Furthermore, the UE blind detection itself will bring additional implementation burden. And lastly, there is already a good way of indication of COT structure, which is using DCI 2_0/GC-PDCCH. We already have an agreement on DCI2_0 like the following:

	In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.



Therefore, it is proposed use the DCI 2_0 for available LBT bandwidth information (frequency domain COT structure) as well as time domain COT structure.
If the available LBT bandwidth information is transmitted in DCI 2_0 via GC-PDCCH, it has to be clarified in which LBT bandwidth the GC-PDCCH is transmitted since there are some LBT bandwidths which are available and remaining LBT bandwidths are not available for the transmission GC-PDCCH. We assume that each LBT bandwidth includes CORESET and it can be assumed that At least one PDCCH candidate for GC-PDCCH is configured per each LBT bandwidth. And a gNB transmits the GC-PDCCH in one of the candidates which is positioned within available LBT bandwidth as shown in Figure 1. 
For CA scenario between licensed band and unlicensed band (LAA scenario), it is also possible to transmit the GC-PDCCH using licensed band in order not to configured multiple PDCCH candidates for GC-PDCCH and to provide higher reliability of GC-PDCCH reception



[bookmark: _Ref7705107]Figure 1: Transmission of GC-PDCCH for indicating of available LBT BW 
Proposal 2: Use GC-PDCCH for indicating available LBT bandwidth by introducing new field in DCI format 2_0
· At least one PDCCH candidate for GC-PDCCH is defined per each LBT BW
· A gNB transmits the GC-PDCCH in one of the candidates which is positioned in available LBT bandwidth
· In LAA scenario, GC-PDCCH can be transmitted in licensed carrier


Even though the indication is supported in the DCI 2_0 via GC-PDCCH in one of the available LBT bandwidths, we still need to discuss the following issues
1. Whether the GC-PDCCH can be prepared in the beginning of the COT considering the LBT outcomes
2. Whether the PDSCH can be adjusted to be mapped to the available LBT bandwidths based on LBT outcomes
3. Whether the UE can apply the available LBT bandwidth information for the decoding of PDSCH right after the decoding of GC-PDCCH

For the 1st issue, based on gNB implementation, the GC-PDCCH may not be prepared in the beginning of the gNB acquired COT. In that case, the GC-PDCCH may be transmitted in the next monitoring occasions of GC-PDCCH. Therefore, the gNB has to configure multiple monitoring opportunities for GC-PDCCH inside the COT. Before the LBT outcome is available, the GC-PDCCH (e.g., GC-PCCH in the beginning of the COT) may indicate either that all the LBT BWs are available or that LBT outcome is not available yet.
For the 2nd issue, it is not easy for gNB to re-encode the PDSCH based on LBT outcomes due to the lack of time between LBT operation and transmission of PDSCH. Therefore, in the first one or a few slots (phase 1), the PDSCH is mapped assuming that whole BWP is available and gNB may puncture the LBT bandwidth where CCA is not successful. After sufficient time for gNB, the gNB can appropriately schedule the PDSCH only using available LBT bandwidths in the remaining time of the same COT (phase 2) as shown in Figure 2.
For the 3rd issue, this is aligned with 2nd issue. As given in Figure 2, the UE may try to receive whole bandwidth during phase 1. However, the UE may try to blindly detect which LBT bandwidths are available using DMRS or try to decode GC-PDCCH as fast as possible and perform the decoding using the knowledge of the punctured parts. In Phase 2, the UE knows the available LBT BWs and expect that PDSCH is only scheduled inside available LBT BWs. Due to the scheduling granularity, some part of the unavailable LBT BWs can be scheduled, but puncturing can be used in gNB for the encoding of PDSCH and the UE may use the knowledge of puncturing for the decoding of PDSCH.



[bookmark: _Ref7711417]Figure 2: Adjustment of PDSCH based on LBT outcomes

Proposal 3: Two phases are defined for PDSCH in wideband operation
· Phase 1: PDSCH is prepared assuming whole BWP is available and then puncturing is performed for the LBT bandwidth which is not available due to LBT failure
· Phase 2: PDSCH is scheduled assuming the available LBT bandwidths. Still puncturing may be used if scheduling of PDSCH overlaps with unavailable LBT bandwidths.


CORESET configuration for LBT bandwidth
For the CORESET configuration for wideband operation, two approaches have been discussed in previous RAN1 meeting:
· Alt 1: A CORESET is confined within 20MHz LBT BW
· Number of CORESETs per BWP may need to be increased
· Alt 2: A PDCCH candidate are confined within 20MHz LBT BW
· New CCE-REG mapping rule and/or modification of hashing function is needed
In RAN1 #97 [2], it was agreed in MIMO agenda that maximal number of CORESETs can be increased. Once we support the increased number of CORESET, we may utilize this aspects not only for MIMO but also for NR-U wideband operation. Straightforwardly, Alt.1 can be the potential option for the UEs which can support up to 5 CORESETS. 

	Agreement
For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability 
· FFS: How to define capability per TRP 
· Study whether enhancement of reducing PDCCH blocking rate, e.g. Hash function enhancement, and UE complexity is needed, e.g.  taking into account overbooking PDCCH candidates and blind detection reduction per TRP/CORESET group.



[bookmark: _GoBack]However, it is also needed to configure GC-PDCCH in each of the LBT BW as discussed above but it is not possible to have multiple CORESETs for GC-PDCCH. In this case, we can use cluster based CORESET configuration by splitting CORESET resources for each LBT BW, which is already supported by Rel-15 [5]. Even if this cluster based CORESET is configured, we can still enable that Each PDCCH candidate can be confined within one LBT BW by appropriate configuration as given below. 
	[bookmark: _Toc12718251][bookmark: _Hlk535756552]TS 38.311 section 6.3.2
–	ControlResourceSet
The IE ControlResourceSet is used to configure a time/frequency control resource set (CORESET) in which to search for downlink control information (see TS 38.213 [13], clause 10.1).
ControlResourceSet information element
-- ASN1START
-- TAG-CONTROLRESOURCESET-START

ControlResourceSet ::=              SEQUENCE {
    controlResourceSetId                ControlResourceSetId,

    frequencyDomainResources            BIT STRING (SIZE (45)),
    duration                            INTEGER (1..maxCoReSetDuration),
    cce-REG-MappingType                 CHOICE {
        interleaved                         SEQUENCE {
            reg-BundleSize                      ENUMERATED {n2, n3, n6},
[bookmark: _Hlk514758623]            interleaverSize                     ENUMERATED {n2, n3, n6},
            shiftIndex                          INTEGER(0..maxNrofPhysicalResourceBlocks-1)       OPTIONAL -- Need S
        },
        nonInterleaved                      NULL
    },
    precoderGranularity                 ENUMERATED {sameAsREG-bundle, allContiguousRBs},
    tci-StatesPDCCH-ToAddList           SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP
    tci-StatesPDCCH-ToReleaseList       SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP
    tci-PresentInDCI                        ENUMERATED {enabled}                                  OPTIONAL, -- Need S
    pdcch-DMRS-ScramblingID                 INTEGER (0..65535)                                    OPTIONAL, -- Need S
    ...
}

-- TAG-CONTROLRESOURCESET-STOP
-- ASN1STOP




For example, assuming 80 MHz band including 4 LBT BWs, 4 clusters can be allocated for each LBT BW by using BIT STRING format of “frequencyDomainResouces” and “cce-REG-MappingType” is set as “nonInterleaved”. In this case, all the PDCCH candidate can be confined in each LBT BWs. One simple required modification in the configuration is that the maximum number of PDCCH candidates for DCI 2_0 is 2 for each aggregation level as shown below, which may not be covering whole BWs. So this number may need to be increased to cover the possible number of LBT BWs. 
	[bookmark: _Toc12718390]TS 38.311 section 6.3.2
–	SearchSpace
The IE SearchSpace defines how/where to search for PDCCH candidates. Each search space is associated with one ControlResourceSet. For a scheduled cell in the case of cross carrier scheduling, except for nrofCandidates, all the optional fields are absent.
SearchSpace information element
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::=                         SEQUENCE {

…………

            dci-Format2-0                           SEQUENCE {
                nrofCandidates-SFI                      SEQUENCE {
                    aggregationLevel1                       ENUMERATED {n1, n2}             OPTIONAL,   -- Need R
                    aggregationLevel2                       ENUMERATED {n1, n2}             OPTIONAL,   -- Need R
                    aggregationLevel4                       ENUMERATED {n1, n2}             OPTIONAL,   -- Need R
                    aggregationLevel8                       ENUMERATED {n1, n2}             OPTIONAL,   -- Need R
                    aggregationLevel16                      ENUMERATED {n1, n2}             OPTIONAL    -- Need R
                },
                ...
            }                                                                               OPTIONAL,   -- Need R




Proposal 4: we can use the following two alternatives are considered for CORESET configuration
· Alt 1: A CORESET is confined within 20MHz LBT BW with sufficient number of CORESETs per BWP
· Alt 2: A PDCCH candidate is confined within 20MHz LBT BW and at least one PDCCH candidate is guaranteed per 20MHz LBT BW
· No new CCE-REG mapping rule or modification of hashing function is needed


COT sharing
One other aspects for DL wideband operation is regarding COT sharing between downlink and uplink and potential multiple switching points. As shown in Figure 3, if the gNB acquired COT with multiple LBT BWs in it is shared by a UE, the UE may use the same amount of LBT bandwidths that are available in gNB COT depending on LBTs in gNB side before acquiring the COT. The UE may need to perform CAT-2 LBT for the transmission of uplink inside the COT. If a LBT fails on any of the available LBT bandwidths where PUSCH is scheduled, then UE does not able to transmit PUSCH in any of LBT bandwidths.
And also if multiple switching points are supported for gNB-initiated COT, the same COT can be switched back to gNB for DL contributions. In this case, gNB may shrink the available LBT bandwidths inside the COT after uplink to downlink switching gap by performing additional LBT for the LBT bandwidths which were already included in the COT. 
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[bookmark: _Ref7706015]Figure 3: gNB-initiated COT sharing for DL wideband operation 

Proposal 5:
· 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

Conclusion
In this contribution, we discussed wideband operation for NR-U both for downlink and uplink and we derived the following proposals:

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

For downlink wideband operation
Proposal 2: Use GC-PDCCH for indicating available LBT bandwidth by introducing new field in DCI format 2_0
· At least one PDCCH candidate for GC-PDCCH is defined per each LBT BW
· A gNB transmits the GC-PDCCH in one of the candidates which is positioned in available LBT bandwidth
· In LAA scenario, GC-PDCCH can be transmitted in licensed carrier

Proposal 3: Two phases are defined for PDSCH in wideband operation
· Phase 1: PDSCH is prepared assuming whole BWP is available and then puncturing is performed for the LBT bandwidth which is not available due to LBT failure
· Phase 2: PDSCH is scheduled assuming the available LBT bandwidths. Still puncturing may be used if scheduling of PDSCH overlaps with unavailable LBT bandwidths.

Proposal 4: we can use the following two alternatives are considered for CORESET configuration
· Alt 1: A CORESET is confined within 20MHz LBT BW with sufficient number of CORESETs per BWP
· Alt 2: A PDCCH candidate is confined within 20MHz LBT BW and at least one PDCCH candidate is guaranteed per 20MHz LBT BW
· No new CCE-REG mapping rule or modification of hashing function is needed

Proposal 5:
· 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
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