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1. Introduction
In RAN1 AH1901 meeting [1] and 96bis meeting [2], the following agreements were made for wideband operation in NR-U:
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 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

In this contribution, we provide our views on both DL and UL wideband operation for NR-U.

2. Cluster-based BWP operation
In Release 15 NR, bandwidth part (BWP) is defined as a set of contiguous resource blocks (RBs) in frequency domain within a carrier. In this section we propose that the downlink BWP definition is extended from a set of contiguous RBs in frequency domain within a carrier to a group of one or multiple radio resource clusters, each of which contains a set of contiguous RBs in frequency domain within a carrier. As shown in Figure 1, there are two types of BWP: 
· Single-cluster BWP
· Single radio resource cluster, which contains a set of contiguous RBs in frequency domain within a carrier
· Multi-cluster BWP
· Multiple radio resource clusters, each of which contains a set of contiguous RBs in frequency domain within a carrier
· The radio resource clusters can be either distributed or localized
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[bookmark: _Ref958647]Figure 1. Illustration of single-cluster BWP and multi-cluster BWP
For uplink BWP, on the other hand, we propose to maintain the original NR definition of BWP as a set of contiguous RBs to minimize UE’s RF implementation complexity. That is, UL BWP for NR-U is a single cluster BWP.
To ensure fair resource sharing between devices in unlicensed bands, listen-before-talk (LBT) procedure is required for NR-U. In TR38.889 [3], for channel access mechanism, LTE-LAA LBT mechanism is adopted as baseline for 5GHz band and adopted as the starting point of the design for 6GHz band. 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. For cluster-based BWP operation, a cluster in a BWP is the basic unit for LBT operation. A device can only transmit in a cluster if all sub-bands in it pass LBT. . Note that an LBT sub-band can be equal to or more greater than 20 MHz. The information of starting and ending RBs for each radio resource cluster in a localized multi-cluster BWP can be utilized by a UE for potential serving RAT (Radio Access Technology) signal filtering. For example, in unlicensed spectrum, it’s possible that only part, not all, of radio resource clusters within a BWP pass LBT so this information enables a UE to know which radio resource clusters have serving RAT signal for filtering. 
For the BWP configured with multiple radio resource clusters, the LBT can be performed using the way similar to the multi-carrier LBT in LAA. Thus there are two options for LBT on the BWP:
Option 1. Independent LBT on each radio resource cluster: In this option, Cat.4 LBT is performed individually for each radio resource cluster. Within a radio resource cluster, Cat.4 LBT is performed on each LBT sub-bands. The gNB can transmit on the cluster if all LBT sub-bands within the cluster is sensed to be idle.
Option 2. Cat.4 LBT on one of radio resource clusters, and Cat.2 LBT on the other radio resource clusters: In this option, gNB select one of radio resource clusters within a BWP for performing Cat.4 LBT. Within the selected cluster, Cat.4 LBT is performed on each LBT sub-bands. The gNB may transmit on the selected cluster if all LBT sub-bands within the selected cluster is sensed to be idle. For the other clusters, the gNB performs one shot LBT immediately before the transmitting on the selected cluster. Within a cluster other than the selected cluster, one shot LBT is performed on each LBT sub-bands. The gNB may transmit on the cluster if all LBT sub-bands within the cluster is sensed to be idle.
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.

2.1 Initial DL/UL BWP
A UE performs initial access in the initial DL BWP of PCell and RACH procedure in the initial DL BWP and initial UL BWP of PCell. The initial DL BWP is initially defined by the essential DL control resource set (e.g. CORESET #0), which is configured in the master information block (MIB) carried in physical broadcast channel (PBCH) for a UE to receive the essential system information blocks (SIBs) carried in physical downlink shared channel (PDSCH), e.g. SIB1 or SIB2, which is scheduled via downlink control information (DCI) carried in physical downlink control channel (PDCCH) in the essential DL CORESET (e.g. CORESET#0). The initial DL BWP defined by the essential DL CORESET (e.g. CORESET#0) shall be a single-cluster BWP. The initial DL BWP can be further configured to a UE in the essential SIBs and the initial UL BWP is also configured to a UE in the essential SIBs (e.g. SIB1/2 in 5G NR). From the agreements in RAN1 #93 meeting, the initial DL or UL BWP can only be a single-cluster DL BWP.Agreement: (RAN1#93)
·       Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· The final value will be quantized to number of PRBs
·       Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz


Proposal 4: The initial DL/UL BWP for NR-U is a single-cluster BWP.

3. Sub-band/carrier occupancy information for wideband operation 
For a UE configured with a carrier with bandwidth larger than 20MHz or multiple 20MHz carriers, a gNB can perform LBT per 20MHz sub-band/carrier, and the gNB may have DL transmission on parts or whole of sub-bands/ carriers where LBT is successful. Thus, it would be desirable if the UE knows the sub-band(s)/carrier(s) occupied by the serving gNB to adapt DL transmission. Based on the agreement made in RAN1#96bis [2], there are two ways for a UE to identify the occupied sub-band(s)/carrier(s):
1. Blind detection on each sub-band: In RAN1 meeting AH1901 [1], it was agreed that the UE may assume the presence of a signal, such as the DMRS in any PDCCH/GC-PDCCH transmission, to detect DL transmission bursts by the serving gNB. If a preamble transmitted at the start of a burst is agreed to be specified, it is used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB. Thus, if DMRS in PDCCH/GC-PDCCH or preamble is transmitted on each occupied sub-band/carrier, the UE can assume the presence of PDCCH-DMRS/preamble to detect the sub-band/carrier occupancy. However, the blind detection of available sub-bands/carriers may not be sufficiently reliable. On a sub-band/carrier, if the DL transmission burst detection is failed due to e.g., hidden node interference at UE side, it will lead to mismatch between gNB and UE on PDCCH monitoring, PDSCH reception, CSI measurement, etc. 
2. Explicit indication in GC-PDCCH: In TR38.889 [3], it was agreed that indication of COT structure information in the time domain using GC-PDCCH is beneficial. We see that it is also beneficial that GC-PDCCH also carries sub-band/carrier occupancy information to facilitate UE to reliably know the occupied sub-band(s)/carrier(s) while avoiding too much overhead when signaling to multiple UEs. However, at least in the benign of a DL transmission burst, it may not be feasible to indicate all of the available sub-bands/carriers since the gNB may not have capability to prepare GC-PDCCH according to LBT outcomes on-the-fly. Instead, GC-PDCCH could be transmitted on each available sub-band/carrier and provides sub-band/carrier occupancy information only for the corresponding sub-band, as shown in Figure 2. After the initial slot(s), GC-PDCCH could update sub-band/carrier occupancy information for all of the available sub-bands/carriers.
There is another purpose of introducing sub-band/carrier occupancy information in GC-PDCCH. Since the starting positions of gNB-initiated COTs on different sub-bands/carriers may not be aligned according to independent LBT outcomes, as shown in Figure 2, COT-related control information (e.g., end-of-COT and PDCCH monitoring behavior) for the gNB-initiated COTs on different sub-bands/carriers may not be the same. In order to indicate COT-related control information for certain sub-band(s)/carrier(s) using GC-PDCCH, sub-band/carrier occupancy information can be used. For example, a UE may receive GC-PDCCH transmitted from a gNB indicates sub-band/carrier occupancy information for one or multiple sub-bands/carriers. Then, the UE can assume that the indicated sub-band(s)/carrier(s) is occupied by the gNB, and the received control information in GC-PDCCH shall be applied to the indicated sub-band(s)/carrier(s).



Figure 2. Illustration of sub-band usage indication through GC-PDCCH for wideband operation

Proposal 5: In addition to blind detection of PDCCH-DMRS/preamble, sub-band/carrier occupancy information should be explicitly indicated to UE though GC-PDCCH to let UE know which sub-band(s)/carrier(s) is occupied by gNB.
Proposal 6: A UE may receive GC-PDCCH carrying sub-band/carrier occupancy information indicating one or multiple sub-bands/carriers from a gNB, then the UE can assume:
· The indicated sub-band(s)/carrier(s) is occupied by the gNB
· The received control information in GC-PDCCH shall be applied to the indicated sub-band(s)/carrier(s)

4. Downlink wideband operation 

4.1 PDSCH
For the DL BWP with single radio resource cluster, it is clear that the transport block for a UE is prepared based on the aggregated bandwidth of the one or more contiguous sub-bands in the cluster. The transport block for the UE is transmitted if LBT succeeds for all the sub-bands in the cluster. For multi-cluster DL BWP, it is reasonable that one transport block can be mapped into multiple clusters for the slots other than the initial (partial) slot(s) since the gNB has sufficient time to prepare for the transport block after acquiring the downlink COT. However, if one transport block is mapped into multiple clusters for the initial (partial) slot(s), part of it may not be transmitted due to the LBT failures in some of the sub-bands.
To avoid such situation and the subsequent retransmissions, for the initial (partial) slot(s) the transport block for a UE can only be mapped into one cluster. For example, as shown in Figure 2, the BWP contains 3 radio resource clusters. Before LBT, in slot n gNB schedules (UE0, UE1) in cluster#0, (UE2, UE3) in cluster#1, and (UE4, UE5) in cluster#2. To achieve fairness between the UEs, the gNB can schedule the UEs in turn in both time and frequency domain. That is, in slot n+1 gNB schedules (UE0, UE1) in cluster#1, (UE2, UE3) in cluster#2, and (UE4, UE5) in cluster#0. Suppose only cluster#0 and 2 pass LBT, in slot n gNB transmit data for (UE0, UE1) in cluster#0 and (UE4, UE5) in cluster#2. In slot n+1 gNB transmit data for (UE4, UE5) in cluster#0 and (UE2, UE3) in cluster#2. In slot n+3, all the UEs can be scheduled in cluster#0 and #2.
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.


[bookmark: _Ref1037267]Figure 2 DL transmission for the multi-cluster BWP

4.2 CORESET configuration
Due to the uncertainty of LBT, the control channel may be partially transmitted in the BWP. In this case the UE may not correctly detect the control information from gNB. To avoid the partial transmission of the control information, a CORESET should be confined within a single cluster. However, if the cluster carrying the control information cannot pass the LBT, no control information can be transmitted. Thus, we see that a CORESET can be configured in one or multiple clusters. In addition, to reduce the UE complexity the PDCCH-DMRS/preamble can be used to inform UE the location of the CORESET. Within a cluster, the UE is not expected to perform PDCCH monitoring if the PDCCH-DMRS/preamble is not detected by the UE. 
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.


5. Conclusion
In summary, we have the following observations and proposals:
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.
Proposal 5: In addition to blind detection of PDCCH-DMRS/preamble, sub-band usage information should be explicitly indicated to UE though GC-PDCCH to let UE know which sub-band(s)/carrier(s) is occupied by gNB.
Proposal 6: A UE may receive GC-PDCCH carrying sub-band usage information indicating one or multiple sub-bands/carriers from a gNB, then the UE can assume:
· The indicated sub-band(s)/carrier(s) is occupied by the gNB
· The received control information in GC-PDCCH shall be applied to the indicated sub-band(s)/carrier(s)
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.
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.

6. [bookmark: _Ref494442004][bookmark: _Ref498453616][bookmark: _Ref481596356][bookmark: _Ref481781528][bookmark: _Ref481782557]References
[1] [bookmark: _Ref534817518][bookmark: _Ref795447][bookmark: _Ref528832966]3GPP RAN1 AH1901, “Chairman’s Notes RAN1 AH1901”, Taipei, Taiwan, January 2019.
[2] 3GPP RAN1 #96bis, “Chairman’s Notes RAN1 #96bis”, Xi’an, China, April 2019.
[3] TR 38.889, Study on NR-based access to unlicensed spectrum
image1.emf
Frequency

Single-cluster BWP

Overall Carrier

Frequency

1

st

Radio Resource 

Cluster

2

nd

Radio Resource 

Cluster

Distributed Multi-cluster BWP

Frequency

1

st

Radio Resource 

Cluster

2

nd

Radio Resource 

Cluster

Localized Multi-cluster BWP


image2.emf
80

MHz

x x x x x x

ɃɃ

PDCCH 

Monitoring 

x x x x x x

ɃɃ

PDCCH 

Monitoring 

ɃɃ

PDCCH 

Monitoring 

x x x x x

ɃɃ

PDCCH 

Monitoring 

Subband 

#1

Subband 

#2

Subband 

#3

Subband 

#4

GC-PDCCH Channel Occupancy Time

Available Subbands: #1

Available Subbands: #2

Available Subbands: #1, #2

Available Subbands: #4 Available Subbands: #1, #2, #4


Microsoft_Visio_Drawing1.vsdx

80MHz






x

x

x

x

x













x













……
PDCCH Monitoring







x

x

x

x

x













x













……
PDCCH Monitoring










































……
PDCCH Monitoring




















x

x

x

x

x













……
PDCCH Monitoring



Subband #1
Subband #2
Subband #3
Subband #4
GC-PDCCH
Channel Occupancy Time
Available Subbands: #1
Available Subbands: #2
Available Subbands: #1, #2
Available Subbands: #4
Available Subbands: #1, #2, #4



image3.emf
UE0/UE1 Cluster#0

Cluster#2

Cluster#1

UE4/UE5

UE2/UE3 UE0/UE1

UE4/UE5 UE2/UE3

 

Frequency   

 time

Cluster#1

Slot n Slot n+1

gNB scheduling before LBT

LBT succeeds

LBT succeeds

LBT fails

gNB transmitting after LBT

UE0/UE1 Cluster#0

Cluster#2

UE4/UE5

UE4/UE5 UE2/UE3

 time

Slot n Slot n+1 Slot n+2

UE0-5

UE0-5


Microsoft_Visio_Drawing2.vsdx
UE0/UE1
Cluster#0
Cluster#2
Cluster#1
UE4/UE5
UE2/UE3
UE0/UE1
UE4/UE5
UE2/UE3
Frequency
time
Cluster#1
Slot n
Slot n+1
gNB scheduling before LBT
LBT succeeds
LBT succeeds
LBT fails
gNB transmitting after LBT
UE0/UE1
Cluster#0
Cluster#2
UE4/UE5
UE4/UE5
UE2/UE3
time
Slot n
Slot n+1
Slot n+2
UE0-5
UE0-5



