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In RAN1 NR-AH in January 2019, the following agreement on wideband operation was made [1] and corresponding LS [3] was sent to RAN2/4 for their guidance on FFS bullets.

	Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.

Agreement:
· Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
· Inform RAN2 of this decision




And we also have the following objectives of the work item related to wideband operation in the new NR-U WID [2].
	
-	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).



This contribution discusses the remaining issues for downlink wideband operations and also proposes the desirable mechanism for uplink wideband operation.

Wideband operation for UL
Wideband operation in UL was not fully discussed in RAN1 but it was identified that the wideband options for DL may not be applied for UL case. This is because of the case that scheduled PUSCH may not cover whole LBT subands of the active BWP. Therefore, different alternatives were listed up in the feature lead summary [4] for further discussion as shown below:
· Alt. 1: Multiple BWPs can be configured, single BWP activated, UE transmits the PUSCH only if CCA is successful at UE for all of LBT sub-bands which include the scheduled PUSCH.
· Alt. 2: Multiple BWPs can be configured, single BWP activated, UE transmits whole or part of the PUSCH only over the LBT sub-bands where CCA is successful at UE, among all of LBT sub-bands which include the scheduled PUSCH. 

Figure 1 is showing the various configuration of BWP, PUSCH scheduling, and LBT outcomes. For all cases, UL active BWP has 4 LBT subbands and scheduled PUSCH is covering some of the LBT subbands inside the UL active BWP. For those four different cases, the operation of Alt 1 and Al2 are summarized in Table 1.


[bookmark: _Ref534728394]Figure 1. Examples of uplink wideband operation

	
	Case 1
	Case2
	Case 3
	Case 4

	Alt 1
	PUSCH is not transmitted
	PUSCH is transmitted over LBT subband 1/2/3
	PUSCH is transmitted over LBT subband 1
	PUSCH is not transmitted

	Alt 2
	PUSCH is transmitted over LBT subband 2/3
	PUSCH is transmitted over LBT subband 1/2/3
	PUSCH is transmitted over LBT subband 1
	PUSCH can be transmitted over LBT subband 1/3 (if discontinuous allocation is allowed)
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Table 1: UL wideband operation comparison between Alt 1 and Alt 2.

In principle, compared to Alt 1, Alt 2 needs more UE implementation complexity and also may have scheduling restriction in gNB side as well. For example, if a UE needs to change the PUSCH/PUCCH formats based on subband LBT outcomes, sufficient processing time has to be guaranteed not only for physical channel reformatting, e.g., re-encoding or puncturing, but also for desirable baseband filtering (it was confirmed by RAN4 that RF filtering change is not necessary for wideband operation [5]). And also, if a UE acquires the uplink COT for transmitting the grant based PUSCH, the PUSCH (including freq resource, MCS, power control) is already scheduled by the gNB but the UE needs to change the form for PUSCH depending on the subband LBT outcomes and the corresponding scheduling mismatch may lead unnecessary HARQ retransmissions. If the scheduling is given for multiple contiguous PUSCHs using multi-TTI scheduling, the drawbacks will become more serious. If only some of LBT subbands are available, rather than acquiring the COT for some LBT subbands and using them for COT duration, it may be better to wait until whole LBT subbands are available to send the PUSCH just as scheduled. In summary, option 2 seems not a feasible approach for UL wideband operation.

Then we may also need to check the feasibility of Alt 1. Alt 1 is the better choice compared to Alt 2 from the perspectives that it does not need PUSCH re-encoding issue or scheduling mismatch issue like Alt 2. However, if the UE perform CCAs only for the LBT subband which include scheduled PUSCH, unexpected interferences from the other LBT subbands may be given to PUSCH transmissions. For example, in the case 2 of Figure 1, the first three LBT subbands succeeds CCA, so that UE can transmit PUSCH as scheduled by the gNB using the LBT subbands 1, 2, and 3 if we just follow the Alt. 1. However, if other devices acquires LBT subband 4 and transmits its own channels/signals at the same time, there can be interference in subband 3 or possibly in other subbands due to the emissions from the device which is using LBT subband 4. 
In order to reduce the interference impacts from the adjacent LBT subband, additional mechanism may need to be considered, e.g., utilization of guard band at the edge of the transmission bandwidth of the PUSCH or utilization of different filtering as shown in Figure 2. Here the guard band is only required for the edge of the LBT subband which is next to the LBT subband that does not include the scheduled PUSCH. If guard band is applied in the LBT subband, there can also be impacts to PUSCH transmissions which is overlapped with the potential guard band.


	
[bookmark: _Ref4631302]Figure 2. Utilization of guard band for Alt. 1

Proposal 1: For uplink wideband operation,
· Multiple BWPs can be configured, single BWP activated, UE may transmit the PUSCH only if CCA is successful at UE for all of LBT sub-bands which include the scheduled PUSCH.
· FFS: how to manage the potential interference from the unused LBT subband

Wideband operation for DL

As given in section 1, option 2 and 3 can be supported for downlink wideband operation but there are still many remaining issues how to support option 3 in details. First three FFS parts were asked to RAN4 for their guidance and remaining two FFS parts need to be further discussed in RAN1 as shown below
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure

For the first FFS part, it is desirable to indicate gNB’s transmitted LBT sub-bands to UEs since blind detection of available LBT subbands may not sufficiently reliable so that it can lead to many unnecessary operation for the error case. Furthermore, the UE blind detection itself will bring too much implementation burden. And lastly, there is already a good way of indication of COT structure, which is using DCI 2_0/GC-PDCCH. We already have an agreement on DCI2_0 like the following:

	In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.



Assuming that DCI 2_0 can indicate the time domain COT structure, we can include additional information on COT structure in frequency domain in DCI 2_0.

Proposal 2: 
· Use GC-PDCCH for indicating available LBT sub-bands


For the CORESET configuration for wideband operation, there can be multiple CORESETs in order to guarantee the PDCCH transmission for the case that some of the LBT subbands are not available. However, in Rel-15, at most 3 CORESETs can be configured per BWP, which may not be sufficient for NR-U wideband operation (option-3). Therefore, we may need to increase the number of CORESTs per BWP. Since the available combination of the LBT subbands for wideband operation may have some restrictions by the RAN4 decision, we may decide the exact maximum number of CORESET after additional details are discussed further based on potential response LS from RAN4. We may also assume that the maximum number of CORESET can be different for size of BWP
And if the CORESET is configured across the LBT subbands, it may happen that some part of the CORESET may not be available depending on the LBT outcome of each subband. Therefore, it is desirable that each CORESET needs to be confined within 20MHz LBT subband.

Proposal 3
· Number of CORESETs that can be configured per BWP is X
· X = 3 for Rel-15 NR
· X  3 for Rel-16 NR-U
· X can be determined based on RAN4’s guidance
· X can be different for BW size
· Each CORESET is confined within 20MHz LBT sub-band

One other aspects for DL wideband operation is regarding COT sharing between downlink and uplink and potential multiple switching points. As shown in Figure 1, if the gNB acquired COT is shared by a UE, the UE may use the same amount of subbands that are available in gNB COT depending on LBTs in gNB side before acquiring the COT. The UE may need to perform CAT-2 LBT for the transmission of uplink inside the COT. If LBT fails on any of the available LBT subbands, then UE does not transmit any uplink channels. 
And also if multiple switching points are supported for gNB-initiated COT, the same COT can be switched back to gNB for DL contributions. In this case, gNB may change the available subbands inside the COT after uplink to downlink switching gap by performing additional LBT for the LBT subbands that were not available in the beginning of the COT. 
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[bookmark: _Ref1116740]Figure 3: gNB-initiated COT sharing for DL wideband operation 

Proposal 4:
· If a gNB-initiated COT is shared by a UE, then for UL transmissions the UE also uses the same parts of BWP as the available DL LBT subbands 
· If CCA fails on any of the available LBT subbands inside a COT, UE does not transmit uplink channels
· If multiple switching points are supported for a gNB-initiated COT, available LBT subbands may change after the UL-DL switching gap
Conclusion
In this contribution, we discussed wideband operation for NR-U both for downlink and uplink and we derived the following proposals:

For uplink wideband operation
Proposal 1: 
· Multiple BWPs can be configured, single BWP activated, UE may transmit the PUSCH only if CCA is successful at UE for all of LBT sub-bands which include the scheduled PUSCH.
· [bookmark: _GoBack]FFS: how to manage the potential interference from the unused LBT subband

For downlink wideband operation
Proposal 2: 
· Use GC-PDCCH for indicating available downlink LBT sub-bands

Proposal 3
· Number of CORESETs that can be configured per BWP is X
· X = 3 for Rel-15 NR
· X  3 for Rel-16 NR-U
· X can be determined based on RAN4’s guidance
· X can be different for BW size
· Each CORESET is confined within 20MHz LBT sub-band

Proposal 4: For downlink wideband operation,
· If a gNB-initiated COT is shared by a UE, then for UL transmissions the UE also uses the same parts of BWP as the available DL LBT subbands 
· If CCA fails on any of the available LBT subbands inside a COT, UE does not transmit uplink channels
· If multiple switching points are supported for a gNB-initiated COT, available LBT subbands may change after the UL-DL switching gap
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