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1. Introduction

The new WID on NR-based Access to Unlicensed Spectrum was agreed in RANP meeting #82 [1], the objective of this work item for wide band operation is:

-
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).

In SI phase, it was identified that for wideband operation, bandwidth larger than 20 MHz with multiple serving cells and a serving cell be configured with bandwidth larger than 20 MHz can be supported for both DL and UL for NR-U. This contribution mainly discusses wide-band operation for NR-U.
2. DL wide-band operation
· Wide-band operation for multiple carriers 

DL wide-band operation can be supported by carrier aggregation with each carrier of 20MHz bandwidth as in LTE-LAA. This operation can be easily implemented, but the transmission efficiency will be lost consider that guardbands between two neighbor carriers should always be reserved. In addition, the small carrier bandwidth may not be efficient to support transmission with large SCS, i.e., 60kHz, due to limited available PRBs, which may lead to the benefit loss of finer channel access granularity in some scenarios. Therefore, wide-band operation for a single carrier should also be supported in addition to CA deployment.

· Wide-band operation for a single carrier
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 option 2, the operation of PDSCH transmission is the same as in current NR system except the transmission is happened after LBT succeed for the whole BWP with wideband, no extra standards effort needed. But for the cases that gNB only acquire parts of the BWP, it has to give up PDSCH transmission and the frequency utilization efficiency will be lost.
For option 1a, 1b and 3, gNB can start PDSCH transmissions on parts or whole of the wide-band based on LBT results, so the frequency utilization efficiency can be maximized. Accordingly, to support PDSCH reception on parts or whole of the wide-band based on PDCCH blind detection, UE implementation complexity increases.

The pros and cons of each option are discussed in Table 1.

Table 1: Pros and cons of each option
	Option
	Pros
	Cons

	Option 1a
	Transmission based on LBT results, so the frequency utilization efficiency can be maximized.

Higher transmission opportunity.
	UE is required to monitor multiple BWPs and receive multiple PDSCHs at the same time, so implementation complexity increases. 

	Option 1b
	Transmission based on LBT results, so the frequency utilization efficiency can be maximized.

Higher transmission opportunity.
	UE is required to monitor multiple BWPs, implementation complexity increases.

	Option 2
	Simple implementation.
	Lose frequency utilization efficiency.

Lower transmission opportunity.

	Option 3
	Transmission based on LBT results, so the frequency utilization efficiency can be maximized.

Higher transmission opportunity.
	UE is required to monitor multiple subbands;

May need extra standards effort, e.g., new RF requirement.


Option 3 is preferred considering the trade-off between frequency utilization efficiency and UE implementation complexity. Figure 1 gives an example for PDSCH transmission in option 3. As shown in Figure 1, gNB plans to schedule a PDSCH in one BWP which consists of two subbands, i.e., 40MHz, and the gNB can transmit the partial PDSCH on subband 1 and drop the data on subband 2 if CCA is successful only for subband 1.
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Figure 1: Illustration of dynamic subband transmission subject to subband-based LBT
In addition, CBG based transmission and retransmission is beneficial and should be supported. 

Proposal 1: Option 3 is preferred for DL wide-band operation for a single carrier. 

3. UL wide-band operation
· Wide-band operation for multiple carriers 
UL wide-band operation can also be supported by carrier aggregation with each carrier of 20MHz bandwidth as in LTE-LAA. And for similar reasons, wide-band operation for a single carrier should also be supported in addition to CA deployment for NR-U UL. 

· Wide-band operation for a single carrier
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

The above options are similar as DL wide-band operation options. So option 2 is easy to implement but lose frequency efficiency and transmission opportunity. Option 1a, 1b and 3 can maximize frequency utilization efficiency. Considering trade-off between efficiency and complexity, option 3 is preferred. 

On the other hand, since multiple users may be FDMed in one uplink slot, the impact of losing UL transmission opportunity for one UE may not be that severe. However, option 3 should be supported at least for the case that HARQ-ACK piggybacked on PUSCH, considering the higher transmission priority of control information.
Proposal 2: Option 3 should be supported at least for HARQ-ACK piggybacked on PUSCH case for UL wide-band operation for a single carrier. 

4. LBT for wide-band operation
In LTE-LAA, Type A and Type B procedures are specified for multiple-carrier sensing, where Type A requires eNB perform Cat-4 LBT on each carrier and each carrier should follow a single-carrier Cat-4 LBT procedure, Type B requires eNB perform Cat-4 LBT procedure on one single-carrier of the multiple carriers and perform one-shot LBT on all the carriers before the transmission. Both Type A and Type B can be supported as candidate LBT schemes for wide-band operation.
In addition, wideband LBT that gNB performs a Cat-4 LBT procedure on a BWP with bandwidth larger than 20MHz has been discussed during the SI phase. Such kind of wideband LBT can be supported at both gNB and UE side if the wideband is operated in option 2, in which case the transmission is allowed only after the whole wideband is clear. 
Proposal 3: Wideband LBT should be supported if option 2 is adopted for wide-band operation for a single carrier. 

5. Conclusions
This contribution mainly discusses wide-band operation for NR-U, and the following proposals are made.
Proposal 1: Option 3 is preferred for DL wide-band operation for a single carrier. 

Proposal 2: Option 3 should be supported at least for HARQ-ACK piggybacked on PUSCH case for UL wide-band operation for a single carrier. 

Proposal 3: Wideband LBT should be supported if option 2 is adopted for wide-band operation for a single carrier. 
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