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1. Introduction
In 3GPP RAN1 meeting AH1901 [1], following agreements were made for wideband operation in NR-U:
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
From the agreement, we can see that option 1a/1b is not supported in NR-U. Option 3 is supported in DL with restrictions on supportable gaps and combinations of gaps between discontiguous blocks. In this contribution, we will discuss the designs to support option 3 in NR-U.

2. Cluster-based BWP operation
In 3GPP 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 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 within a BWP can either overlap with or orthogonal to each other in frequency domain
· The radio resource clusters can be either distributed or localized
To ensure fair resource sharing between devices in unlicensed bands of operation, a listen before talk (LBT) protocol is required for NR-U. When a BWP is configured with multiple clusters, the LBT is performed per cluster. Since a cluster may contain one or multiple LBT subchannels, the signal in the cluster can be transmitted if LBT succeeds in all the LBT subchannels within the cluster. Note that the LBT subchannel can be equal to or more 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. 
[image: ]
[bookmark: _Ref958647]Figure 1. Illustration of single-cluster BWP and multi-cluster BWP

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. Individual LBT per radio resource cluster
In this case, Cat 4. LBT is performed individually for each radio resource cluster. Within a radio resource cluster, Cat. 4 LBT is performed on each LBT subchannels. The gNB may transmit on the cluster if all LBT subchannels within the cluster is sensed to be idle. 
Option 2. Cat. 4 LBT on one selected radio resource cluster. One shot LBT on the other radio resource clusters
In this case, gNB select one radio resource cluster for performing Cat. 4 LBT. Within the selected cluster, Cat. 4 LBT is performed on each LBT subchannels. The gNB may transmit on the selected cluster if all LBT subchannels 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 subchannels. The gNB may transmit on the cluster if all LBT subchannels within the cluster is sensed to be idle.
Proposal #1: The LBT unit is a radio resource cluster, where a cluster consists of one or multiple contiguous LBT subchannels.
Proposal #2: The signal in a cluster can be transmitted if LBT succeeds in all the LBT subchannels within the cluster.
Proposal #3: For the multi-cluster BWP configuration, the radio resource clusters can either overlap with or orthogonal to each other in frequency domain.
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 3GPP 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. Serving RAT signal transmission and detection 
The bitfield size of the frequency-domain resource allocation in the DCI is based on the aggregated radio resources within a BWP no matter it’s a single-cluster BWP or a multi-cluster BWP.  The aggregated radio resources within a BWP are indexed by RB from the lower frequency location to the higher frequency location within clusters of a BWP based on the subcarrier spacing of the BWP. Single DCI can be used to schedule a PDSCH (or PUSCH) in the DL (or UL) BWP no matter it’s a single-cluster DL (or UL) BWP or a multi-cluster DL (or UL) BWP. For unlicensed spectrum, one or multiple multi-cluster BWPs can be configured for a wideband carrier operation and each radio resource cluster of a BWP corresponds to one or multiple 20MHz subchannels.
For DL transmission, if the each radio resource cluster in the active DL BWP corresponds to a 20MHz subchannel, the basestation performs LBT over each radio resource cluster and transmits the serving RAT signal over the radio resource cluster(s) where LBT passes. The subchannel can be either defined for a frequency band or configured by the network. If the radio resource clusters in the active DL BWP consist of multiple subchannels, the basestation performs LBT over each 20 MHz LBT subchannel and transmits the serving RAT signal over the radio resource cluster(s) where LBT passes for all the LBT subchannels within the cluster. Then, the UE filters the received signal in each radio resource cluster in the BWP, performs serving RAT signal detection in each radio resource cluster, and decodes the serving RAT signal in the radio resource cluster(s) where the serving RAT signal is detected. To achieve better detection performance, preamble can be transmitted for the UE to detect the serving RAT signal. For UL transmission, if the each radio resource cluster in the active UL BWP corresponds to a 20MHz subchannel, the UE performs LBT over each radio resource cluster and transmits the serving RAT signal over the radio resource cluster(s) where LBT passes. If the radio resource cluster consists of multiple subchannels, the UE performs LBT over each 20 MHz LBT subchannel and transmits the serving RAT signal over the radio resource cluster if LBT passes for all the LBT subchannel within the cluster. For UL, since there is no PDCCH-DMRS-like signal, preamble can be used for the gNB to detect the serving RAT signal.
Proposal #5: Preamble can be used for detecting the serving RAT transmission in the cluster.
For the DL BWP with single radio resource cluster, it is clear that the transport block for an UE is prepared based on the bandwidth of the cluster. The transport block for the UE is transmitted if LBT succeeds for the cluster. For multi-cluster BWP, it is reasonable that one transport block can be mapped into multiple clusters for the slots other than the initial (partial) slot(s). However, it is not clear whether one transport block can be mapped into multiple clusters for the initial (partial) slot(s). For simplicity, for the initial (partial) slot(s) the transport block for an 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 for 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. Note that if the signal (PDCCH DMRS or preamble) used for detecting the transmission of each cluster is UE-specific, than for each cluster the UE needs to detect the existence of the signal every slot in the beginning. Thus, to reduce the UE complexity, the signal can be cell-specific or UE-group-specific.


[bookmark: _Ref1037267]Figure 2 DL transmission for the multi-cluster BWP
Proposal #6: For the initial (partial) slot(s), the transport block for an UE is mapped into one cluster.
Proposal #7: The signal used for detecting the serving RAT transmission should be cell-specific or UE-group specific.

4. Control channel design
[bookmark: _GoBack]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, we propose that the CORESET is confined within the cluster. However, if the cluster carrying the control information cannot pass the LBT, no control information can be transmitted. Thus we propose that CORESET can be configured in one or multiple clusters and search space is configured per BWP. In addition, to reduce the UE complexity the 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 preamble is not detected by the UE. Since the search space configuration indicated the PDCCH monitoring information in time domain, it can be common between all the clusters within a BWP. In summary, the PDCCH monitoring is determined by CORESET, search space, and preamble. 
Proposal #8: The CORESET is confined within the cluster.
Proposal #9: For a multi-cluster BWP, CORESET(s) can be configured in one or more of the clusters in the BWP.
Proposal #10: The search space is configured per BWP.

5. Conclusion
In summary, we have the following observations:
Proposal #1: The LBT unit is a radio resource cluster, where a cluster consists of one or multiple contiguous LBT subchannels.
Proposal #2: The signal in a cluster can be transmitted if LBT succeeds in all the LBT subchannels within the cluster.
Proposal #3: For the multi-cluster BWP configuration, the radio resource clusters can either overlap with or orthogonal to each other in frequency domain.
Proposal #5: Preamble can be used for detecting the serving RAT transmission in the cluster.
Proposal #6: For the initial (partial) slot(s), the transport block for an UE is mapped into one cluster.
Proposal #7: The signal used for detecting the serving RAT transmission should be cell-specific or UE-group specific.
Proposal #8: The CORESET is confined within the cluster.
Proposal #9: For a multi-cluster BWP, CORESET(s) can be configured in one or more of the clusters in the BWP.
Proposal#10: The search space is configured per BWP.
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