3GPP TSG RAN WG1 Meeting #98	                                                                          R1-1909249
Prague, CZ
August 26th – August 30th, 2019  

Agenda item:    7.2.2.2.5
Source:             Qualcomm Incorporated
Title:                  Wideband operation for NR-U
Document for:  Discussion and Decision
Introduction
From the NR-U study item phase, the following has been agreed for NR-U wideband operation:
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
In RAN1 #Adhoc1901, the following agreements have been reached:
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
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.
In RAN1 #96bis, the following agreements have been reached:
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
In RAN1 #97, it is further agreed:
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.
In RAN #84, the essential and optimization features to be discussed in this agenda item have been identified as follows:
Essential
· Coreset for wideband (multiple coresets with one or more per LBT subband or multi-cluster coreset with one cluster per subband)
Optimizations
· If PUSCH Alt 2 is also supported 
In this paper, we discuss further details on wideband BWP operation.
DL wideband BWP operation
In this section, we discuss the following aspects of DL wideband BWP operation
· How to monitor the coreset
· Subband usage indication
2.1	Wideband BWP Coreset Configuration
For wideband BWP operation, the UE can be schedulable if a subset of subbands in the BWP pass LBT. Note that before LBT, the gNB does not know which subband(s) can be used in the COT, and UE does not know which subband(s) will be active and carry PDCCH as well. A simple solution is to define multiple coresets, one in each subband (Error! Reference source not found.). Rel.15 NR has limitations on the number of coresets and the number of search space sets. In Rel.16 NR, under multi-TRP discussion, the number of coresets supportable per BWP is increased to 5 as a UE capability. For UEs with such capability, it is straight forward to reuse that capability to support per subband coreset configuration. Of course, for UEs without such capability, the legacy restrictions apply, where in some subbands, there may not be any coreset configured.


Figure 1. Coreset configuration example with one coreset per subband
[bookmark: b1]Observation 1. Restricting coreset to be within one subband is naturally supported by legacy NR. The number of coresets supported per BWP is UE capability and there is no need to increase that from NR-U perspective.
Another way to configure coreset in Rel.15 NR is forming the coreset by RBs in multiple clusters, where each cluster is over a continuous set of RBs. For example, to support BWP of 80MHz, the gNB can configure a coreset with 4 clusters, where each cluster is localized in one subband (Figure 2, Figure 3). The coreset can be interleaved (Figure 2) or localized (Figure 3). When a subset of subbands pass LBT, only the clusters of the coreset within those subbands will be transmitted. One issue to note is, the Rel.15 NR coreset definition is using a bitmap starting from point A with a resolution of 6 RBs. For NR-U, in order to place the 48RBs for 30KHz SCS and 96 RBs for 15KHz SCS close to the middle of each 20MHz subband, higher resolution may be needed than the 6RB. Some enhancement on how to configure the coreset might be needed.
In interleaved coreset case, each PDCCH will have some REGs in each cluster (the parameters of the coreset and search space may need to be picked carefully to achieve this goal). In this case, even if some of the clusters are punctured, the UE can still decode the PDCCH using the remaining REGs for the PDCCH.


[bookmark: _Ref534829331]Figure 2. Coreset configuration example with one interleaved discontinuous coreset over all subbands
In localized coreset case, each PDCCH will be localized in one cluster (the parameters of the coreset and search space may need to be picked carefully to achieve this goal). If some of the clusters are punctured, the PDCCH in the remaining clusters will not be affected and can be decoded. 


[bookmark: _Ref534829334]Figure 3. Coreset configuration example with one localized discontinuous coreset over all subbands
[bookmark: b3]Observation 2. Multi-cluster coreset in Rel.15 NR is still useful for NR-U and there is no need to remove that.
2.2	Subband Usage Indication in GC-PDCCH
In RAN1 #97, it was agreed “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”. WeFor the beginning of a CO, since COT-SI is pre-generated, the gNB does not know which subbands pass LBT when the COT-SI is generated. Therefore, if COT-SI is transmitted a the beginning of the coreset, a reserved value should be used to indicate the subband usage, which implies the gNB does not yet know the subband usage. The UE should recover the subband usage in later transmissions of the COT-SI in the CO. 
[bookmark: b5]Proposal 1. A bitmap in GC-PDCCH is used to indicate the LBT bandwidth or carrier usage. All “0” bitmap is reserves to indicate the LBT bandwidth or carrier usage is not known at the moment the GC-PDCCH is generated.
When subband usage information is provided by gNB, the UE needs to translate that to the exact set of RBs usable. This is especially important for UL transmission in the same CO. gNB is responsible to identify which set or RBs can be used under different LBT passing combinations following the local regulations. The guard band needed between adjacent subbands depends on the regulation. The information should be provided by gNB, similar to BWP configuration. The configuration can be either per cell or per BWP. 


Figure 4. Subband and guard band configuration in a BWP
[bookmark: b6]Proposal 2. gNB configures the passband and guard band within each subband. The RBs in guard band can be used only if the subbands on both sides pass LBT. FFS the configuration is per cell or per BWP.

UL wideband BWP operation
In RAN1 #96bis, the following agreement on the UL transmission was reached.
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

We believe Alt 2 is not necessary to be supported for the following reasons.
· The UL is scheduled, UE autonomous puncturing in frequency domain may lead to some complexity at gNB receiver.
· UL transmission within gNB COT is subject to Cat 1 immediate transmission or Cat 2 LBT. When Cat 1 immediate transmission is used, the UE will follow the UL grant to transmit in the RBs allocated, which are in the subbands that have passed LBT at gNB side. When Cat 2 LBT is used, since the RBs allocated for UL transmission are in the subbands that passed LBT on gNB side recently, the chances of different LBT outcomes across these subbands are not high.
· The UL transmission is a single PUSCH targeting the gNB. If there is frequency domain puncturing, due to the frequency first mapping of the PUSCH, all CBs in the PUSCH are affected, and likely a retransmission is needed. The similar issue applies for DL as well if single wideband PDSCH is granted. But the DL has the option to serve multiple UEs in separate subbands with different PDSCH.
[bookmark: b7]Proposal 3: NR-U supports Alt 1 only for UL wideband BWP operation. 
Summary
The proposals and observations made in this contribution are summarized below.
Observation 1. Restricting coreset to be within one subband is naturally supported by legacy NR. The number of coresets supported per BWP is UE capability and there is no need to increase that from NR-U perspective.
[bookmark: _GoBack]Observation 2. Multi-cluster coreset in Rel.15 NR is still useful for NR-U and there is no need to remove that.
Proposal 1. A bitmap in GC-PDCCH is used to indicate the LBT bandwidth or carrier usage. All “0” bitmap is reserves to indicate the LBT bandwidth or carrier usage is not known at the moment the GC-PDCCH is generated.
Proposal 2. gNB configures the passband and guard band within each subband. The RBs in guard band can be used only if the subbands on both sides pass LBT. FFS the configuration is per cell or per BWP.
Proposal 3: NR-U supports Alt 1 only for UL wideband BWP operation. 
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