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1. Introduction
In 3GPP RAN1 meeting #95 [1], following agreements were made for wideband operation in NR-U:
Agreement:
Capture the following in the TR
------------------------------------------ Start of Text Proposal ----------------------------------------------
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. 
-------------------------------------------- End of Text Proposal ---------------------------------------------
In this contribution, we compare the above options and discuss the designs to support option 3 for NR-U.

2. Wideband operation for NR-U
Both carrier aggregation (CA) and bandwidth part (BWP) adaptation mechanisms are supported in NR for wideband operation. In NR-U, we think both mechanisms should be supported as well since they offer different benefits. With CA, the access channels are not necessarily to be contiguous to each other. But it takes longer time to activate and deactivate a carrier component (the activation time and deactivation time of a carrier can be tens of milliseconds). BWP is adopted to NR in order to provide more dynamic and efficient control over wideband operation (the activation delay of BWP is 2 to 3 milliseconds). When UE is in a low activity stage such as idle or inactive modes, UE can stay on a narrowband BWP so that it can save its power significantly. Power saving is very important to UEs. In addition, for high traffic load, using a single wideband carrier results in a better spectral efficiency since the gap duration for CA is larger than that of a single wideband. For example, the percentage of gap for CA and single wideband channel is shown in 
Table 1. For the CA case, we assume there are 4 CCs with 20 MHz channel bandwidth per CC. For the single wideband case, we assume the bandwidth is 80 MHz. From the table, we can see that the gap of CA is two time larger than the gap of the single wideband.  
	Percentage of gap (sum of gaps/80 MHz, %)

	Subcarrier spacing (kHz)
	30
	60

	CA (4CCs, each of 20MHZ)
	5.03
	8.31

	Single wideband channel (80MHz)
	2.31
	3.63


Table 1 Percentage of gap for CA and single wideband channel
[bookmark: _Ref521417633]Hence, we think BWP should be adopted to NR-U. 
Proposal#1: BWP-based operation should be adopted to NR-U for wideband operation.
Now, we compare the pros and cons of the four options for BWP-based operation. From Table 2, we can see that although option 2 has least spec. impact, it leads to a great loss in spectral efficiency. For example, assume the channel bandwidth is 40 MHz. Assume only 20 MHz of the channel bandwidth is occupied by other transmission. When option 2 is used, there will be no data transmission even if the other 20 MHz of the channel is free. Although option 1a and option 1b can achieve better spectral efficiency than option 2, the main concerns on these two options are
· Much more spec. change 
· The increased complexity at both gNB side and UE side due to 1) multiple activated BWP configurations, 2) PDCCH blind decodes on multiple BWPs, and 3) multiple TB sizes are prepared for each possible LBT outcome.
For options 3, it can also achieve spectral efficiency but with less spec. change and complexity than option 1a/1b. The main concern for option 3 is that the data transmission on the active BWP may be non-contiguous in frequency, which may lead to RF issues. In the next section, we propose multi-BWP design for solving the problem for option 3.
	
	pros
	cons

	Option 1a
	· Best spectral efficiency
	· The activated BWPs may be non-contiguous, which leads to RF issues.
· The number of BWP configuration is large in order to cover all the combination due to LBT (to achieve best efficiency).
· DCI overhead is increased due to activate multiple BWPs.
· CSI measurements are required for multiple activated BWPs.
· The number of PDCCHs to be monitored is large due to multiple activated BWPs, which leads to the problem for DCI size budget (i.e., # of DCI sizes per slot, # of C-RNTIs per slot and total # of RNTIs per slots).
· Since the number of BDs per CC is fixed, increasing the # of activate CCs leads to higher PDCCH blocking rate in a CC.
· The gNB needs to prepare the PDSCHs for all combinations of BWPs.

	Option 1b
	· Good spectral efficiency
· The BWP used for transmission is contiguous.

	· The number of BWP configuration is large in order to cover all the combination due to LBT (to achieve best efficiency).
· CSI measurements are required for multiple activated BWPs.
· The number of PDCCHs to be monitored is large due to multiple activated BWPs, which leads to the problem for DCI size budget (i.e., # of DCI sizes per slot, # of C-RNTIs per slot and total # of RNTIs per slots).
· Since the number of BDs per CC is fixed, increasing the # of activate CCs leads to higher PDCCH blocking rate in a CC.
· The gNB needs to prepare the PDSCHs for all combinations of BWPs.

	Option 2
	· No spec. impact for BWP operation. 
· BWP operation in Rel-15 can be reused.
	· Worst spectral efficiency.


	Option 3
	· Best spectral efficiency
	· The data transmission on the active BWP may be non-contiguous in frequency, which leads to RF issues.


Table 2 Comparison of the options for BWP-based operation
Proposal#2: Option 3 should be supported for BWP-based operation within a wideband carrier.

3 Multi-cluster BWP operation for NR-U
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 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.

Figure 1. 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 Therefore, 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
[bookmark: _Ref532992198]The information of starting & ending RBs for each radio resource cluster in a localized multi-cluster BWP can be utilized by a UE for potential serving RAT 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. 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.
[image: ]
Figure 1. Illustration of single-cluster BWP and multi-cluster BWP

Proposal #3: The LBT unit is a radio resource cluster, where a cluster may consists of multiple LBT subchannels.
3.1 Initial access & RACH
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.
3.2 DL/UL Scheduling 
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 in unlicensed spectrum, if each radio resource cluster of the active BWP corresponds to a subchannel, the basestation performs LBT over each radio resource cluster in BWP #1 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.  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. For DL, if the radio resource clusters in the active DL BWP consist of multiple subchannels, the basestation performs LBT over each radio resource cluster in BWP #2 and transmits the serving RAT signal over the radio resource cluster(s) where LBT passes. The cluster is considered to be “channel idle” if LBT succeeds in all the LBT subchannels within the cluster. Then, a UE filters the received signal in each radio resource cluster, performs serving RAT signal detection, and decodes the serving RAT signal in the radio resource cluster(s) where the serving RAT signal is detected. Note that for DL, preamble can be used for serving RAT signal detection.  
For UL in unlicensed spectrum, 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.  
Proposal #5: A radio resource cluster is considered as “channel idle” if LBT passes in all the LBT subchannels within the cluster.
Proposal #6: Preamble can be used for serving RAT signal detection.
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 per cluster 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. In other words, the PDCCH monitoring is determined by CORESET, search space, and preamble. Note that the preamble can be cell-specific, BWP-specific or UE-group specific.
Proposal#7: The CORESET is confined within the cluster.
Proposal#8: For the multi-cluster BWP, at least one of the clusters is configured with CORESET(s).
Proposal#9: The search space is configured per BWP.
Proposal#10: Within a cluster, the UE performs PDCCH monitoring only if a specific preamble is detected by the UE. 

4 Conclusion
In summary, we have the following observations:
Proposal#1: BWP-based operation should be adopted to NR-U for wideband operation.
Proposal#2: Option 3 should be supported for BWP-based operation within a wideband carrier.
Proposal #3: The LBT unit is a radio resource cluster, where a cluster may consists of multiple LBT subchannels.
Proposal#4: The initial DL/UL BWP is a single-cluster BWP.
Proposal#5: A radio resource cluster is considered as “channel idle” if LBT passes in all the LBT subchannels within the cluster.
Proposal#6: Preamble can be used for serving RAT signal detection.
Proposal#7: The CORESET is confined within the cluster.
Proposal#8: For the multi-cluster BWP, at least one of the clusters is configured with CORESET(s).
Proposal#9: The search space is configured per BWP.
Proposal#10: Within a cluster, the UE performs PDCCH monitoring only if a specific preamble is detected by the UE. 
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