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Introduction
In RAN1#94bis, the following agreements have been made related to wideband operation for NR-U.
Agreement:
· 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
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.
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We compared the options listed in the introduction from the following 3 aspects: spectrum utilization, spec impact, RAN4 impact. 
2.1 Spectrum utilization
For comparison among options, let us consider an example of wideband carrier with bandwidth of 80MHz, and the maximum number of UE-specific configured BWPs is 4 (as in Rel-15). 
For Option 1a, one reasonable BWP configuration would be to configure one BWP as one 20MHz LBT unit, as shown in the following Fig.1. 


Fig. 1 Example BWP configurations for Option 1a
In Fig.1. Option 1a would activate all four BWPs for the UE, meaning that UE can receive PDCCH on any one of the BWPs. Since PDCCH in one BWP can schedule data cross one or multiple BWPs, the transmission can be flexible enough to match the LBT outcome of the gNB dynamically. If either one BWP or any combination of the four BWPs clear the LBT, the combination of cleared BWPs can be used for data transmission. Therefore, Option 1a can achieve the highest spectrum utilization.
By contrast, Option 1b only allows the transmission of PDSCH on a single BWP, although UE can monitor multiple active BWPs for PDCCH and multiple BWPs may pass LBT. Within the constraint of at most four configured/activated BWPs, one reasonable BWP configuration is given in Fig.2.


Fig.2. Example of BWP configurations for Option 1b
As shown in Fig.2, the PDSCH transmission can only occur in one of the four BWPs. Comparing to Option 1a, there would be compromise in terms of the spectrum utilization. For example, if only the left-most 20MHz fails the LBT and the rest of 60 MHz are free, still, maximum contiguous 40MHz can be used (i.e. BWP#3 is used). In order to cover more LBT outcome possibilities, more BWP configurations than 4 need to be supported. Another difference when comparing Options 1a and 1b is that non-contiguous spectrum usage is possible in Option 1a, which further improves the spectrum utilization. 
For Option 2, the similar BWP configuration as given in option 1b (Fig.2) can also be used. However, the difference from Option 1b is that only one of these BWPs can be activated, meaning that UE monitors PDCCH only in one BWP. For example, consider the case where the UE is currently activated with BWP#1, but whole wideband carrier is clear from LBT from gNB side. gNB has to send BWP switching command in BWP#1, and the BWP#4 can only be used after UE’s active BWP is switched to BWP#4. This introduces scheduling delay (in Rel-15, the minimum BWP switching delay is 660us), resulting in loss of spectrum utilization. To overcome the BWP switching delay, the UE can be always activated with BWP#4 (widest BWP). In such case, although the possibility for UE to receive PDCCH increases due to the wide bandwidth of BWP, gNB cannot use the channel to transmit even if part of the wideband carrier is free from LBT. What RF modelling and what switching delay should be discussed in RAN4.   
As far as Option 3 is concerned, it can achieve the same spectrum utilization as Option 1a, with the condition that the whole wideband carrier is configured and activated as UE’s BWP. Since gNB can transmit PDCCH and PDSCH on parts or whole BWP where LBT is successful at gNB, the same effect of Option 1a can be achieved.  
Observation 1: From spectrum utilization point of view, Option 1a = Option 3 > Option 1b > Option 2.


2.2 Complexity and spec impact
Obviously, Option 2 has the lowest complexity and no spec impact, because Rel-15 BWP mechanism can be reused here. Similarly, Option 3 is also based on the single active BWP framework established in Rel-15 already. The partial BWP transmission can be realized by frequency domain resource allocation in a UE transparent manner. Therefore, the spec impact of both Option 2 and Option 3 are very limited, if any.
On the contrary, supporting multiple active BWP requires some significant modifications in the specs. E.g.
· In single active BWP framework, the active BWP defines the nominal frequency resource range for PDSCH. However, if PDSCH can be scheduled over multiple active BWP (Option 1a), what is the reference range for frequency domain resource allocation? 
· The Rel-15 DCI formats have only one BWP indication field (formats 1-0 and 1-1). If multiple BWP needs to be activated, more fields or different DCI formats need to be defined.
· Etc.
More importantly, from the spectrum utilization point of view as discussed in previous section, there is no gain of Option 1a over Option 3. Considering additional standardization work, Option 1a or Option 1b shall be considered only if significant advantages over other the options with single active BWP are identified. 
Observation 2: Options with multiple activated BWP may require significant standardization efforts compared to their single activated BWP counterparts. However, no gain is identified so far. 

2.3 RAN4 impact
In last meeting a LS has been sent to RAN4 regarding the above options of wideband operation. Therefore, RAN1 can wait for the RAN4 replies on whether new RF requirements are needed for NR-U wideband carrier operation with LBT performed on a 20 MHz unit. Nevertheless, we do not expect there would be a different requirement for Option 1a and Option 3. However, Option 2 and Option 3 may impose different requirement for intra-BWP interference handling. Therefore, we proposed:    
Proposal 1: RAN1 down-selects from Option 2 and Option 3 based on the RAN4 input.   

Conclusion
Based on the discussion, we have the following observations and proposals: 
Observation 1: From spectrum utilization point of view, Option 1a = Option 3 > Option 1b > Option 2.
Observation 2: Options with multiple activated BWP may require significant standardization efforts compared to their single activated BWP counterparts. However, no gain is identified so far. 
Proposal 1: RAN1 down-selects from Option 2 and Option 3 based on the RAN4 input.   
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