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Introduction
In this paper, we discuss the remaining issues for wideband operation, including channel structure indication in frequency domain, relationship between PDCCH and LBT bandwidth, and PDSCH transmission in case that partial BWP has passed LBT.

Channel structure indication in frequency domain
In previous meeting, some progress has been made regarding the mechanism to inform UE the availability of LBT bandwidths and/or carriers. The agreement is the following:
	Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE




Time validity of the indication
The indication of the channel structure in frequency domain is associated with a valid time duration, as pointed out by the first FFS. One possibility is to set the valid time the same as COT duration. However, in our view, a better way is to set valid time only for one or a few slots, in other words, dynamic updating such indication during the COT should be supported. 
In the previous meeting, there was an argument saying that once gNB has acquired the COT, the frequency domain occupied bandwidth should not change until a separate COT is initiated. Based on such consideration, it was argued to have frequency domain occupancy indication valid for the whole duration of the COT is sufficient. We have a different view than the above argument. First of all, it is still open whether gNB is allowed to increase the occupied carriers or LBT bandwidths within the same COT. Even if it turns out to be not supported, the dynamic update of the frequency domain occupancy can still be used to shrink the available bandwidths for a certain group of UEs dynamically within the COT, because how many LBT bandwidths/carriers have been acquired by the gNB is actually transparent to the UE. This can provide further power saving benefit for the UE.  
Proposal 1: Frequency domain occupancy indication can be updated within a channel occupancy time.

[bookmark: _GoBack]Further details of the indication
The relationship between time validity of the frequency domain indication and the indication of time domain COT structure being discussed currently in DL signals and channels AI 7.2.2.1.2 should be considered. Generally, the COT structure should define two-dimensional information: in time domain DL, UL and Flexible symbols, in frequency domain which LBT bandwidths and/or carriers are accessible to the UE. There are basically two ways to link the time domain and frequency domain information together. 
A first option is to define that time domain indication is per LBT bandwidth (and/or carrier) and gNB can indicate multiple time domain indications correspond to multiple LBT bandwidth. The advantage of such option is that no separate frequency occupancy field is needed. For example, consider a 60 MHz unlicensed carrier which contains 3 LBT bandwidths of 20 MHz. The two-dimensional channel structure information may look like: 
(Time structure for 1st LBT bandwidth, Time domain structure for 2nd LBT bandwidth, Time structure for 3rd LBT bandwidth), 
where each time structure defines D/U/F for 20MHz LBT bandwidth. If a time domain structure indicates all “F” for a certain LBT bandwidth, UE can interpret that the LBT bandwidth is not available, hence skips any PDCCH monitoring. On the other hand, if a time domain structure is missing for a certain LBT bandwidth, UE shall assume the availability of the LBT bandwidth is “unknown” or “undetermined”. This can happen if the gNB has not enough time to prepare such indication yet. In such case, UE still needs to monitor PDCCH at the pre-configured occasions.    
A second option is to use a separate frequency domain occupancy field, e.g. a bit-map, to explicit indicate the available and unavailable LBT bandwidths (and/or carriers). For example, the 60 MHz unlicensed carrier occupancy can have the following indication:
(Frequency structure: 011, Time structure: DDDDDDFFUUUUUU),
where “011” means the all LBT bandwidths are available except the 1st one, and the D/U/F symbol indication applies to the available LBT bandwidths. If the status of unknown or undetermined also needs to be covered, two-bit for each LBT bandwidth can be indicated. 
Compared to the first option, the second option may require less signalling overhead, but the first option provides the flexibility to indicate different DL or UL directions for different frequency ranges over the same time instance. This could be useful when full duplex is introduced in the future or the case multiple LBT bandwidths are sufficiently isolated in the frequency bands. On the other hand, the similar functionality can be realized by the second option via sending different GC-PDCCHs simultaneously. Therefore, we propose the following.

Proposal 2: Frequency domain occupancy indication has a dedicated field which is separate from the time domain structure indication.

Mechanism to handle the beginning of COT
Regarding the second FFS, at the beginning of the COT, if gNB cannot prepare GC-PDCCH to reflect the LBT outcome, then the indication can point to a null value, e.g., ‘0000’. Upon receiving such indication, UE knows frequency domain occupancy information is not yet prepared by gNB. The consequence would be that UE needs to monitor all unknown status of LBT bandwidths within the active BWP for PDCCH/PDSCH. In other words, skipping a certain LBT bandwidth is only allowed when it is indicated so.
Proposal 3: It is up to gNB’s implementation whether to transmit frequency domain occupancy indication at the beginning of DL burst. If such information is not prepared yet, the indication can point to a null value. 

Mechanism to handle case when GC-PDCCH is not configured/received
For the third FFS, in our view, GC-PDCCH for COT structure information indication is configured in SIB1. Therefore, it is possible for idle/inactive UE to monitor GC-PDCCH. Once RRC connection is established, dedicated RRC signalling can be used for a different GC-PDCCH configuration than the one by SIB1, e.g. a different RNTI. 
In case the GC-PDCCH is configured but not received by UE, from the frequency domain occupancy point of view, UE has no knowledge about the availability of the LBT bandwidths (and/or carriers). As a consequence, UE has to perform all configured PDCCH monitoring, even over the unoccupied LBT bandwidths. Therefore, although the power saving gain cannot be achieved, the PDCCH decoding would not be affected. On the other hand, for the PDSCH decoding, if the frequency domain resource allocation is with respect to the actually acquired LBT bandwidths, missing the frequency domain occupancy indication can lead to the PDSCH decoding failure. To overcome this, frequency domain occupancy indication can also be sent in the scheduling DCI together with the frequency domain resource allocation. This is similar to the relation between SFI-PDCCH and PDSCH/PUSCH scheduling PDCCH regarding time domain indication, where PDSCH/PUSCH scheduling PDCCH has the priority (i.e. indication in the scheduling PDCCH overwrite the result from SFI-PDCCH). 
Proposal 4: If GC-PDCCH for frequency domain occupancy is configured but not received by UE, UE monitors configured PDCCH occasions in the all non-indicated LBT bandwidths in the active BWP.
      
PDCCH transmission 
For the PDCCH transmission in single wideband carrier with bandwidth larger than 20 MHz, the following methods have been suggested by companies so far:
· Method 1: CORESET configured to be confined within a LBT bandwidth
· Note that this could require to increase the number of CORESETs that can be configured for a UE in a BWP
· Method 2: PDCCH candidate configured to be confined within a LBT bandwidth
· Note that this allows CORESET configured to be wider than a LBT bandwidth, but it may require new CCE/REG mapping/bundling rule and/or modification of PDCCH hashing operation
Comparing the above two methods, we think method 1 is simpler and requires less standardization effort. The number of CORESETs that can be configured for a UE in method 1 can be further decided. 
Proposal 5: For NR-U single wideband carrier operation, each CORESET is confined within a LBT bandwidth. FFS: the number of CORESETs that can be configured to a UE.

PDSCH transmission 
For PDSCH transmission in wideband operation, in order to cope with the situation where a certain LBT bandwidth within the UE active BWP fails the CCA, some options were identified previously:
· Option 1: Each PDSCH is contained within a LBT bandwidth.
· Option 2: PDSCH can be spanned over multiple LBT bandwidths and the part of PDSCH is punctured if some of LBT bandwidths including PDSCH are not transmitted due to LBT failure at gNB
· Option 3: gNB prepares for multiple sets of PDSCH mappings and selects one of them depending on LBT outcome
In RAN1#97, a conclusion has been reached: “A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.” In the same meeting, whether to support “new PDSCH mapping mechanism to enable recovery of the punctured PDSCH when a PDSCH is mapped over multiple LBT bandwidths and a part of the PDSCH is punctured due to the LBT failure” was discussed, but eventually not agreed. The understanding has been that the puncturing may only be needed for the first PDSCH in the DL burst but not the rest of the COT since gNB has enough time to prepare PDSCH according to the LBT outcome. Moreover, even for the first slot of DL burst, puncturing can be avoided by gNB implementation, e.g. confining each PDSCH from different UE within one LBT bandwidth (FDMed PDSCH), or preparing multiple version of PDSCH corresponding to different LBT outcomes. Therefore, considering only 3 meetings left to complete Rel-16, it is regarded as a reasonable compromise. 
However, it remains to be specified how to handle the guard band between two adjacent LBT bandwidths for PDSCH transmission in our opinion. Guard bands are needed to compensate the RF leakage from and into the LBT bandwidths where LBT fails (e.g. occupied by competing system). Depending on the amount of guard band and resource allocation granularity, it may not be sufficient to generate the guard band by only the frequency domain resource assignment itself. One option is to have static guard bands at the edges of each LBT bandwidth, regardless of whether one PDSCH is scheduled across multiple contiguous LBT bandwidths. Fig.3 illustrates one such example. Another option to configure dynamic guard band only at the outer edges of the union of LBT bandwidths acquired by the gNB. Please see Fig.4 for an example. For the first option, the frequency resource utilization is compromised because those static guard bands can never be scheduled by gNB. For the second option, frequency domain occupancy indication can be used as a guard band enabler. Once UE knows which LBT bandwidths are available and unavailable, the presence of the guard band will be known to the UE. Currently, RAN4 is still discussing the guard band related issues for the wideband carrier operation. As mentioned in RAN4 reply LS (R1-1905930), RAN4 needs more study on the filter adaption time if PRBs within the guard band of two contiguous LBT bandwidths are scheduled by gNB. RAN1 can come back to such issue once more feedback from RAN4 is received.   
Proposal 6: RAN1 further studies the impact of guard band on frequency domain resource allocation.
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      Fig.3  Static guard band 							Fig.4  Dynamic guard band

Conclusion
Based on the discussion, we have the following proposal: 
Proposal 1: Frequency domain occupancy indication can be updated within a channel occupancy time.
Proposal 2: Frequency domain occupancy indication has a dedicated field which is separate from the time domain structure indication.
Proposal 3: It is up to gNB’s implementation whether to transmit frequency domain occupancy indication at the beginning of DL burst. If such information is not prepared yet, the indication can point to a null value. 
Proposal 4: If GC-PDCCH for frequency domain occupancy is configured but not received by UE, UE monitors configured PDCCH occasions in the all non-indicated LBT bandwidths in the active BWP. 
Proposal 5: For NR-U single wideband carrier operation, each CORESET is confined within a LBT bandwidth. FFS: the number of CORESETs that can be configured to a UE.
Proposal 6: RAN1 further studies the impact of guard band on frequency domain resource allocation.
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