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1. Introduction & Background

In RAN#82 meeting, the WID of the NR access to the unlicensed spectrum has been approved [1]. The physical layer aspects and procedures have been identified in the work item. In RAN1#95 meeting [2], the 
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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. 
In this contribution, we will discuss the wideband operation in NR-U.
2. Wideband operation in NR-U
For wideband operation, it is agreed that 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). Therefore, the LBT for the wideband channel with multiple 20MHz subbands should be studied.
Compared with carrier aggregation (CA), the BWP-based operation has the following advantages:

(1) BWP-based operation can efficiently use the guard band resources which are defined between the carriers in CA.

(2) For CA, UE needs to perform PDCCH blind decoding in all the 20MHz carriers, for BWP-based operation, UE may only need to perform PDCCH blind decoding in a certain subband, which will greatly reduce the number of blind decoding. Meanwhile, the total number of the DCIs of BWP-based operation is greatly reduced compared with that of CA.
(3) Furthermore, the HARQ-ACK procedure for CA requires more HARQ entities than that required for BWP-based operation.
(4) Considering the UE feature, CA is an optional feature, and BWP-based operation is mandatory. Therefore, in order to operate in a wideband channel, a wideband BWP is a better choice.
1.1. LBT for wider bandwidth
The wideband operation as shown in Figure 1 demonstrates the configured BWP with bandwidth larger as an integer multiple of 20MHz. For each BWP, CCA should be performed in units of 20MHz. For example, UE1 is configured with a 80MHz BWP, the LBT should be performed in four subbands. UE2 is configured with three BWPs, the LBT for BWP2 should be performed in subband 2 and subband 3.
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Figure 1. LBT for wideband BWP
The transmission in each subband must be synchronized since gNB/UE cannot transmit and receive at the same time, i.e., it is impossible to perform transmission in one 20MHz subband and perform LBT in another 20MHz subband. Therefore, it is important to align the transmission timing on each 20MHz subband.
The multi-carrier access procedure can be chosen as a baseline for wideband channel access with 20MHz LBT subband. Each 20MHz subband can be considered as a carrier. If type-A multi-carrier access procedure is used, gNB performs Cat.4 LBT separately on each 20MHz subband. The gNB performs DL data transmission on the subband(s) that has completed Cat.4 LBT with potentially self-deferral to align transmission over multiple subbands. The gNB can use independent backoff counters or can use a common backoff counter for all the subbands. If type-B multi-carrier access procedure is used, gNB performs Cat.4 LBT on a subband that is randomly selected from the subbands of the wideband BWP. The gNB selects the subband no more frequently than once every 1 second. When gNB completes the Cat.4 LBT on this subband, it can sense the other subbands for a period of 25us immediately before the transmission on this subband. The gNB can perform data transmission on the other subbands if the channels are sensed to be idle. The maximum allowed transmission time is determined by the priority class of the Cat.4 LBT. For UL transmission, similar multi-carrier access procedure can be applied at the UE side. 
Proposal 1: Multi-carrier LBT schemes can be used for the BWP with bandwidth larger than 20MHz.
1.2. BWP-based operation
As addressed in the introduction, four options have been proposed as the potential candidates for the BWP-based operation with bandwidth larger than 20MHz for both DL and UL transmission. For DL operation, the options are as follows:

Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs.

Option 1a UE supports multiple active BWPs, the UE will monitor PDCCH on more than one BWP and receive PDSCH on more than one BWP. gNB performs LBT on all the configured BWPs of the UE, and transmit on the BWPs which channel is detected as idle. The UE will always monitor on all the configured BWPs. Option 1a is similar to CA regarding the data transmission and receiving, while CA is already supported for NR-U operation.

Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP.

This option does not require UE to receive data on more than one BWP. In order to increase the resource usage, gNB will send data on one of the idle BWP(s) after LBT. The chosen BWP information is not available at the UE side, therefore, UE does not know on which BWP the gNB will send data. One solution is to let the UE monitors PDCCH on all the configured BWPs, whenever PDCCH or other signal/channel is detected on a BWP, UE will continue receive data on this BWP. However, this operation also requires multiple active BWPs, which does not align with the Rel-15 BWP operation.
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 2 allows only one active BWP for each UE, and gNB performs LBT on this active BWP. gNB is allowed to transmit only when the channel(s) of the whole BWP is detected as idle. That is to say, as long as any of the LBT subband (e.g. 20MHz) is busy, gNB should not transmit on this BWP. Besides, since only one BWP is activated for each UE, even if the channels of the other configured BWPs are idle, gNB is not allowed to transmit on the non-active BWPs. This option is not flexible and inefficient for NR-U operation.

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.

Option 3 is an improved version of option 2. The UE still has one active BWP at each time, the difference is that the gNB can transmit on part of the BWP if the other part of the BWP is sensed to be busy. This is more efficient compared with option 2, and increases the resource usage. It is a tradeoff between the UE capability regarding the BWP operation and the resource usage. Further study is needed on the transmission and reception of PDCCH for NR-U operation, especially for subband LBT. For example, in order to adapt the PDCCH monitoring to the sub-band LBT operation, dynamic PDCCH switching between sub-band might be needed. 
According to the above analysis, option 3 BWP-based operation should be supported for NR-U serving cells with bandwidth larger than 20MHz. 

For UL transmission, option 3 is supported for the similar reasons analyzed above.
Proposal 2: Option 3 should be supported for BWP-based operation for both DL and UL operation.
1.3. Data scheduling for option 3
With the option 3 operation, the available subbands are subject to the subband LBT results. Before the end of the LBT procedure, gNB or UE has no idea about the available subbands. Therefore, it is hard for them to prepare the data for transmission in advance. In order to transmit whenever the channel is detected as idle, the following alternatives can be considered for option 3.
Alt 1: One DCI schedules one TB in the whole wideband BWP, at the receiver side, the data in the busy subband(s) is punctured. This method is simple regarding the data preparation, but since the number of subbands is usually small, e.g. 4, if one or two subbands are punctured, the data may not be correctly decoded due to the large portion of the punctuation, i.e. 1/4 or 1/2.   
Alt 2: One DCI schedules multiple TBs in the wideband BWP, each TB is mapped in one subband, gNB or UE prepares multiple copies of data. The actual transmitted TBs are subject to the subband LBT results. This method is simple in terms of the data reception. But TB mapping and data preparation take a lot of efforts.
Alt 3: gNB or UE prepares multiple copies of TB combination, where the TB combination is defined as a TB mapped to a combination of subbands.  For example, gNB/UE prepares multiple possible TBs for each the TBS corresponds to different number of subbands. For downlink, the downlink grant can indicate the UE FDRA/TDRA so that UE can correctly decode the TB. For uplink, since the uplink TDRA/FDRA is pre-scheduled by gNB, further studies may be needed. For example, gNB blindly decodes all the possible TBs, or UE piggyback the information about actual FDRA/TDRA after LBT for PUSCH transmission.
 Proposal 3: The data scheduling mechanisms should be further studied for option 3.
1.4. NR-U CORESET Configuration
Wideband operation is one promising case for NR-U to provide better throughput, e.g. 160MHz carrier. However, in 5GHz unlicensed band, gNB/UE needs to perform LBT per 20MHz. Thus, the CORESET configuration in frequency domain should take this into account to maximize the transmission opportunity of CORESET under LBT requirement. One straightforward way is to configure the UE with multiple search spaces associated with each 20MHz LBT bandwidth. In this way, as long as LBT succeeds at one 20MHz channel, PDCCH could be transmitted to schedule data transmission. If a NR-U UE is configured with one BWP with 160MHz, at least 8 CORESETs should be used to allow PDCCH transmit in a 160MHz BWP. However, Rel-15 spec only supports maximum number of CORESET is 3 per each BWP. This problem may be solved in one or more of the following options: 

· Option 1: Increase the number of CORESETS that can be configured for a UE in each BWP
· Option 2: Wideband CORESET with restricted PDCCH mapping.

· For wideband CORESET (e.g. 40MHz), introduce new CCE or REG mapping or bundling schemes for CORESET to avoid PDCCH candidate(s) mapped to multiple LBT bandwidth(s)
· Option 3: Flexible CORESET/search space configuration

· PDCCH monitoring within the CORSET is as its defined in Rel-15.

· However, CORESET/search space could be adapted flexibly in time-frequency domain, e.g.,

· The CORESET resource occupation is frequency hopping

· The search space resource occupation is frequency hopping
Proposal 4: 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.
3. Conclusion

In this contribution, we discussed the wideband operation for NR-U. The following proposals are given:

Proposal 1: Multi-carrier LBT schemes can be used for the BWP with bandwidth larger than 20MHz.
Proposal 2: Option 3 should be supported for BWP-based operation for both DL and UL operation.
Proposal 3: The data scheduling mechanisms should be further studied for option 3. 

Proposal 4: 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.
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