3GPP TSG RAN WG1 Meeting #97  			                                                                 	R1-1907121
Reno, NV, May 13th – 17th, 2019
[bookmark: Source]Agenda Item:	7.2.2.2.5
Source:	Charter Communications
Title:	Wideband Operation for NR-U
[bookmark: DocumentFor]Document for:	Discussion/Approval

Introduction
The NR-U WI is in progress in RAN1 [1]. In the RAN1 #96BIS meeting, several agreements were reached on wideband operation [2]:
Agreement:
For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, support at least Alt. 1 among the following alternatives
· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.
· Alt. 2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 
· Decision on whether this alternative is supported will depend on feedback from RAN4
· FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed, based on feedback from RAN4
· Necessity of guard bands within the scheduled PUSCH should be determined by RAN4
· FFS: Whether this applies also to configured grant PUSCH
· FFS: Whether this applies also to PUCCH

Agreement:
· Support a mechanism for a UE to detect gNB is transmitting across
· Multiple carriers 
· Multiple LBT bandwidths in a carrier. 
· The following mechanisms are to be considered:
· Option 1: Explicit indication via PDCCH
· FFS: The type of PDCCH (e.g., group common PDCCH or UE-specific PDCCH)
· FFS: Signaling details of the indication
· Option 2: Explicit indication via selection of a PDCCH DM-RS sequence from a set of PDCCH DM-RS sequences
· FFS: Details of the indication
· Option 3: Via UE implementation, i.e., implicit method based on NR-based signal such as DM-RS and/or corresponding PDCCH detection
· FFS: Which signals/channels or combination of signals/channels could be used by the UE
· Note: Above options are not mutually exclusive

This contribution discusses open issues as captured above and in [3]. A companion contribution on emission masks for wideband operation with Mode 2 and Mode 3 operation has been submitted to RAN4 [4].
NR-U Wideband Operation

Detection of gNB occupancy
One of the key questions for wideband operation is whether/how to indicate gNB’s transmitted LBT sub-bands. We consider this issue to be similar to DL multicarrier operation in LTE-LAA, where LBT may not succeed on one or more of the SCells. However, no explicit indication of the multicarrier LBT outcome is provided in LTE-LAA, and DL subframe detection is generally performed via CRS. Furthermore, LAA C-PDCCH does not carry frequency-domain COT information. 
Carrying over the same principle to NR-U, it is sufficient for the UE to determine the LBT sub-band occupancy in an implicit manner based on DM-RS detection, where the DM-RS can potentially be wideband. This avoids the need to duplicate GC-PDCCH with the same payload on every occupied LBT sub-band. In the case of Type B multicarrier access, the GC-PDCCH can be transmitted only on the LBT sub-band that passed Cat-4 LBT. The COT information in GC-PDCCH may also include frequency-domain information of the COT, however, it is not mandated for the UE to detect GC-PDCCH to determine the occupied LBT sub-bands. 
In Option 2, selection of a DMRS sequence is used to explicitly indicate sub-band occupancy. Therefore, for a 100 MHz wideband carrier in 5 GHz, there are 31 total combinations of occupied sub-bands, assuming Mode 3 operation is considered feasible. To indicate each combination would therefore require a set of 31 PDCCH DMRS sequences. Currently, PDCCH DMRS sequence generator in symbol l is initialized as follows:

It has been proposed to remove the slot number dependency for NR-U DL DMRS to avoid L1 reprocessing due to LBT failure. Therefore, it is not clear how to generate such a large set of DMRS sequences that can also be detected efficiently.
Proposal 1: Support Option 3 for detection of gNB LBT sub-band occupancy, i.e., via UE implementation, i.e., implicit method based on NR-based signal such as DM-RS and/or corresponding PDCCH detection.

PDCCH/CORESET
Finally, consider the impact of wideband operation with discontiguous LBT sub-bands on PDCCH/CORESET design. The simplest design would be for each sub-band to be self-contained in terms of CORESET and PDCCH candidates, thereby avoiding the need for dynamic changes in control resources based on LBT outcome. However, this implies that the number of CORESETs scales with the number of sub-bands, and UEs do not have a-priori information on CORESET presence at the start of a COT. Therefore, it is advisable to reuse the existing CORESET configuration as far as possible.
[bookmark: _GoBack]Proposal 2: Reuse existing multi-cluster CORESET configuration with potential enhancements to account for any guard-bands at the edge of each LBT bandwidth. 

Summary
In this contribution we examined wideband operation for NR-U. The following proposals ensued.
Proposal 1: Support Option 3 for detection of gNB LBT sub-band occupancy, i.e., via UE implementation, i.e., implicit method based on NR-based signal such as DM-RS and/or corresponding PDCCH detection.
Proposal 2: Reuse existing multi-cluster CORESET configuration with potential enhancements to account for any guard-bands at the edge of each LBT bandwidth. 
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