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1 Introduction

NR-U will support transmissions over a wider bandwidth than 20 MHz similar to NR in licensed bands. This can be achieved in principle through two different approaches, (1) multiple serving cells each using 20 MHz bandwidth or (2) a wideband serving cell with bandwidth N*20 MHz. For the first approach, carrier bandwidth (CBW) = LBT bandwidth (LBW), for the second approach CBW > LBW. One design constraint is that clear channel assessment still has to be performed on the 20 MHz channels. In addition, R16 NR-U won’t support DL or UL operation with multiple active BWPs for a carrier.

At RAN1 #97 the following agreement was reached:
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

Conclusion:

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.
Furthermore, at RAN4#90bis, the following agreement was reached:
Agreement: (RAN4#90bis)
· It is feasible to operate single carrier wideband operation when when LBT is successful in all LBT sub-bands

· FFS whether guardbands are needed in between LBT sub-bands or not
· Mode 2 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous) is feasible at least if PRBs within the guardband of two contiguous LBT sub-bands are not scheduled by gNB.
· FFS filter adaptation time if PRBs within the guardband of two contiguous LBT sub-bands are scheduled by gNB.
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage.
· Mode 3 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous) 
· is feasible at least if PRBs within the guardband of two contiguous LBT sub-bands are not scheduled by gNB. 
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).

· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 

· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage. 

· FFS what level of in-carrier leakage and blocking requirements can be met at the BS and UE

· FFS how to specify this in RAN4

· FFS filter adaptation time if PRBs within the guardband of two contiguous LBT sub-bands are scheduled by gNB.

The following agreements were reached at RAN1#98b:
Agreement:
For a search space set configuration associated with multiple monitoring locations in the frequency domain (as per the previous agreement defining such a search space set associated with a CORESET confined within an LBT bandwidth):

· PRBs allocated by frequencyDomainResources in the CORESET configuration are confined within one of LBT bandwidths within the BWP corresponding to the CORESET.

· Within the search space set configuration associated with the CORESET, each of the one or more monitoring locations in the frequency domain corresponds to (and is confined within) an LBT bandwidth and has a frequency domain resource allocation pattern that is replicated from the pattern configured in the CORESET.

· CORESET parameters other than frequency domain resource allocation pattern are identical for each of the one or more monitoring locations in the frequency domain.

· Include this and the prior agreement on this issue in an LS to RAN2

Agreement:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.

· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.

· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation

In this contribution, we provide our views on remaining details of NR-U wideband operation.

2 Wideband operation in DL
PDCCH
It has been agreed that a search space set configuration can be associated with multiple monitoring locations in the frequency domain, similar to how it was done in the time domain in Rel-15 NR. Each monitoring location is to be confined within an LBT subband. This ensures that a search space is applicable regardless of the set of LBT subbands acquired for a COT. Furthermore, the frequency domain resources allocation pattern of each search space monitoring location is replicated from the pattern configured in the CORESET. Therefore, the set of resources useable for a search space is dependent on the number of LBT subbands acquired for a COT. When monitoring such search spaces, the UE can either assume that a DCI is transmitted in a PDCCH candidate in any one of the monitoring locations or in all valid monitoring locations. The latter can ensure that there is no missed DCI in the event the UE is unaware of the actual set of LBT subbands. However, the standard UE behaviour should be to monitor all LBT subbands until explicitly indicated the actual set of acquired LBT subbands (e.g. in a COT structure indication). Therefore, it is sufficient that PDCCH candidates be spread out, and not repeated, over the multiple valid monitoring locations of a search space. This means that the total number of possible PDCCH candidates is proportional to the number of acquired LBT subbands.
Observation 1:
PDCCH candidates for a search space are spread out among the different search-space monitoring locations in the frequency domain.
Having a search space monitoring location in every LBT subband (to ensure robustness to all possible sets of acquired LBT subbands) hence leads to high number of PDCCH candidates when multiple LBT subbands are acquired. Using Rel-15 search space dropping rules, a search space is wholly dropped in the event that BD or CCE channel estimate thresholds are exceeded. For the case where search spaces have monitoring locations in all LBT subbands and all LBT subbands are acquired for a COT, it is likely that most search spaces would need to be dropped due to the BD limit. That is because the search spaces should be configured such that operation on a single LBT subband doesn’t lead to high blocking probability. This would require that each monitoring location of a search space has a sufficient amount of PDCCH candidates. Therefore, operation on multiple LBT subbands would likely surpass the BD limit and require most search spaces to be dropped as per Rel-15 rules. 
Moreover, it is possible that even a single search space with monitoring locations in all LBT subbands would surpass the CCE channel estimation limit given that each LBT subband would likely require independent CCE channel estimation. It is therefore beneficial to refine the search space dropping rules for NR-U.
The dropping rules should be enhanced to enable the dropping of portions of a search space, rather than entire search spaces. The dropping granularity could be that of search space monitoring location. For example, if multiple LBT subbands are acquired for a COT, the UE may drop some monitoring locations, possibly as determined by a priority of search space monitoring location. The priority of the search space monitoring locations could also be determined as a function of the set of acquired LBT subband. This can enable a randomization of monitored search space monitoring locations which can be beneficial in the case of hidden nodes.
A UE could drop monitoring locations of search spaces in order of monitoring location priority and then in order of search space priority. This means that all the monitoring locations of a lower priority search space would be dropped before dropping any monitoring location of a higher priority search space. There are two problems with this method. The first is that due to the BD limit, and the increase number of PDCCH candidates in search spaces with multiple locations, it is likely that when multiple LBT subbands are acquired, the UE will only ever monitor a single, highest priority, search space. This can lead to blocking probability issues. Secondly, dropping in this order doesn’t address CCE channel estimation. For example, if the search spaces have monitoring locations in all LBT subbands, then the reduction in CCE channel estimation is not significant until all search space monitoring locations in an LBT subband are dropped.
It is therefore beneficial to support a method to drop monitoring locations of multiple search spaces in order of search space priority first and then monitoring location priority. For example, all the lowest priority monitoring locations of all the search spaces should be dropped first, then all the second lowest priority monitoring locations are dropped and so on until the BD and CCE channel estimation limits are respected.

Proposal 1:
Search space dropping rules are modified to consider multiple monitoring locations on multiple LBT subbands.
Proposal 2:
Search space monitoring locations are assigned a priority index.

Proposal 3:
Search space dropping is performed at a monitoring location granularity.
FFS if search space priority or search space monitoring location priority is considered first BD or CCE channel estimation limits are exceeded.

PDSCH
For transmissions occurring early in a COT (e.g. those occurring immediately upon a gNB successfully acquiring a COT), it is possible that the gNB has already built its TB prior to LBT. Moreover, it is possible that the full required set of LBT subbands has not been acquired. In such a case, the network can proceed in one of two ways. The first is that the gNB can build multiple TBs and transmit one that fits the acquired set of LBT subbands. Otherwise, CBG can be used to ensure that a full TB need not be retransmitted. In such a case, it makes sense that CBG construction be modified to ensure CBGs are self-contained within a single LBT subband.
Proposal 4:
NR-U CBG construction should consider LBT subbands.
3 In-carrier guard bands

As per the RAN4 agreement provided in the introduction, there is a need for in-carrier guard bands located at the boundary between two LBT subbands. Such guard bands can satisfy requirements for in-carrier leakage. 
In RAN1 #98, four main consideration points were raised [2]:

· Configuration of in-carrier guard band

· PDSCH scheduling/reception

· Impact on CORESET configuration

· CSI-RS resource.

Configuration of in-carrier guard band

An issue to consider is the granularity of the size of the guard bands. At its simplest, the in-carrier guard bands can use PRB granularity. However, using PRB granularity is restrictive especially considering it is highly affected by the SCS. For other in-carrier guard band granularities (e.g. defined as a number of subcarriers or as a frequency range), we should consider making use of PRBs partially covered by in-carrier guard bands.
PDSCH scheduling/reception
For cases where multiple contiguous LBT subbands are acquired, the resources covered by the guard bands at the juncture of two acquired LBT subbands should be useable for transmission of channels and signals. This ensures that the full benefit of BWPs covering multiple LBT subbands is achieved. Using in-carrier guard bands requires a dynamic method to deactivate guard bands (i.e. enable transmission on the resources of the guard band) or re-activate guard bands (i.e. disable transmissions on the resources of the guard band). For example, it can be based on reception of a DCI (e.g. COT structure indication) or based on COT timing.
Proposal 5:
In-carrier guard bands can be dynamically deactivated to be used for transmission/reception of channels and signals.
At the beginning of a COT, it is expected that all in-carrier guard bands will continue to be activated, regardless of the set of acquired LBT subbands. Due to filter adaptation time, there may be an ambiguous period during which the UE deactivates the in-carrier guard bands to enable reception of transmission on those resources. During that time, it is beneficial that a UE can still receive transmissions spanning multiple LBT subbands. Therefore, Proposal 4 is relevant here too, to ensure proper operation during the ambiguous period.
When a UE is scheduled with transmissions spanning multiple LBT subbands when some overlapping in-carrier guard bands are still activated, the UE could assume rate matching or puncturing is used. Otherwise we can consider how to re-interpret the RA based on the set of activated in-carrier guard bands.
CSI-RS Resource
A UE should be able to perform measurements on resources that may be covered by activated in-carrier guard bands. One method to enable this is to configure CSI-RS resources spanning resources of in-carrier guard band. However, it is unclear how the performance will be affected if there is ambiguity as to whether an in-carrier guard band is activated or deactivated. A UE could perform multiple sets of measurements based on different assumptions of activation/deactivation of in-carrier guard bands. However, this may be restrictive for cases where a CSI-RS resource spans multiple in-carrier guard bands. Instead, a UE should perform two sets of measurements, a first on resources not overlapped by in-carrier guard bands, and a second on resources overlapped by in-carrier guard bands.
Proposal 6:
UEs can perform and report measurements on CSI-RS located in resources overlapped by in-carrier guard bands.
4 Conclusion
This contribution discusses wideband operation in unlicensed channel. We provide the following proposals:
Observation 1:
PDCCH candidates for a search space are spread out among the different search-space monitoring locations in the frequency domain.
Proposal 1:
Search space dropping rules are modified to consider multiple monitoring locations on multiple LBT subbands.

Proposal 2:
Search space monitoring locations are assigned a priority index.

Proposal 3:
Search space dropping is performed at a monitoring location granularity.
FFS if search space priority or search space monitoring location priority is considered first BD or CCE channel estimation limits are exceeded.

Proposal 4:
NR-U CBG construction should consider LBT subbands.
Proposal 5:
In-carrier guard bands can be dynamically deactivated to be used for transmission/reception of channels and signals.
Proposal 6:
UEs can perform and report measurements on CSI-RS located in resources overlapped by in-carrier guard bands.
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