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Introduction
The study item on NR-based access to unlicensed spectrum has just completed, and the work item will be kicked off in this meeting. The following have been concluded related to wideband operation for NR-U in the study item [1], 
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.
Due to limited time of study item and lack of RAN4 input, RAN1 has not been able to down-select among the above options by the end of the last meeting. However, a reply LS on wideband carrier operation for NR-U (R4-1816658, see [2]) from RAN4 becomes available after the last meeting. Therefore, in this contribution, we will provide our opinion on the above options taking into account the RAN4 reply LS.
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2.1 Background
In RAN1#94bis, RAN1 sent a LS [3] to RAN4 asking about whether new RF requirements are needed for the above mentioned options of wideband operation, and if so whether those requirements can be specified. After RAN4#89, the following LS is available and will be input to the RAN1 AH 1901 meeting:
	RAN4 would like to thank RAN1 for the LS on wideband carrier operation in NR-U. RAN4 has discussed the issue and concludes the following:

· Question 1: Will there be a need for RF requirements within a wideband carrier (> 20 MHz) that spans multiple “LBT sub-bands?” Please consider transmit/receive requirements at both gNB and UE.

New RF requirements would be needed for transmission options as described in RAN1 LS, such as: 
· In-carrier leakage and blocking requirement: this will be required at the “gap(s)” where CCA fails.
· “Out-of-BWP” (however within the wideband carrier) leakage requirement: this may be required at the edges of BWP within the wideband carrier bandwidth.

RAN4 understands that there are potential challenges to define such requirements for some of the transmission options as shown in the LS (more than 20MHz transmission bandwidth when LBT fails in any “internal” LBT sub-band in the transmission bandwidth). However, for transmissions spanning multiple contiguous LBT sub-bands, requirements can be specified. RAN4 will study all these further in future meetings. 


· Question 2: Will guard bands be needed at the edges of each “LBT sub-band”?

Guard bands may or may not be needed and this needs further investigations depending on RF requirements for UE and gNB, etc. RAN4 would need to do further analysis on how to specify them. 




In the following, we discuss the options taking into account the above RAN4 LS.

2.2 Down-select the options
Basically, there are two important messages from RAN4 LS reply: firstly, there would be new RF requirements needed. Secondly, it is feasible to specify such requirements, especially in-carrier leakage and blocking requirement, provided that the access of partial wideband carrier is restricted to contiguous LBT sub-bands.
As analysed in our previous contribution [4], option 2 results in the worst spectrum utilization among all options. This is because the failure of one single LBT sub-band of a wideband BWP would block the usage of whole BWP, and if BWP switching is triggered scheduling delay is inevitable. Imagine the UE is currently activated with a narrow BWP like 20MHz only, but whole wideband carrier is clear from LBT from gNB side. gNB has to send BWP switching command to make use of free wideband resources, and the new BWP can only be used after BWP switching transition period. 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 the 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 as restricted by option 2.  
The argument to support option 2 is to avoid specifying new RF requirements. However, the sacrifice in performance is too high in our opinion. Since RAN4 confirmed that it is feasible to specify RF requirements for partial BWP access of in-carrier leakage and blocking requirement (with the condition of contiguous LBT sub-bands), option 2 becomes less motivated any more, and hence can be dropped from the consideration. 
As also discussed in [4], option 1a and option 3 achieve the same spectrum utilization. However, option 3 is based on the single active BWP framework established in Rel-15 already. On the contrary, option 1a requires supporting multiple active BWPs which may require more standardization work with potential RAN2 impact. Since no gain can be identified for option 1a over option 3, option 1a is not justified. 
Finally, when comparing option 1b and option 3, option 3 can achieve better spectrum utilization, as shown in [4]. This is still true when the transmission is restricted to contiguous LBT sub-bands. Consider an example of wideband carrier with bandwidth of 80 MHz and the maximum number of UE-specific configured BWPs is 4 (as Rel-15). One reasonable BWP configuration is given in Fig.1.


Fig.1. Example of BWP configurations for option 1b
As shown in Fig.1, because of the constraint of number of configured BWPs, not all combinations of the contiguous 20 MHz LBT sub-bands can be covered. For example, if only the left-most 20 MHz fails the LBT and the rest of 60 MHz are free, still, maximum contiguous 40 MHz 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, which may bring further impact on other design aspects inherited from Rel-15.   
However, this would not be an issue for option 3. In the above example, option 3 can active BWP#4, then any combination of contiguous LBT sub-bands which pass CCA can be used for transmission. In this sense, option 3 can achieve better resource utilization than option 1b.
One may argue that option 3 may need additional indication to indicate which LBT sub-bands are accessible within the active BWP. In our companion contribution [5], we have discussed such indication which can be implicit or explicit. Note that option 1b also needs to indicate which (single) BWP is used for data transmission among the multiple active BWPs for control monitoring. The BWP index field in DCI format 1_1/0_1 may be re-interpreted for such purpose (and this seems to be the main motivation of option 1b). However, with such reinterpretation, the original functionality of dynamically activating a new BWP and deactivating the old BWP is gone. Some new signalling for dynamic activation/deactivation of BWP needs to be introduced. Therefore, to ease the spec maintenance work, it is better to keep the single active BWP framework as it is in Rel-15, and decouple the new issues of partial wideband carrier access over successful LBT sub-bands from the BWP activation and deactivation, as what is proposed in option 3.    
Therefore, we proposed:    
Proposal 1: RAN1 supports Option 3 for NR-U wideband operation where a carrier has bandwidth larger than 20 MHz.   

Conclusion
Based on the discussion, we have the following proposal: 
Proposal 1: RAN1 supports Option 3 for NR-U wideband operation where a carrier has bandwidth larger than 20 MHz.   
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