[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #AH1901                                                                                   R1-1900877
Taipei, Taiwan
Jan. 21st – Jan. 25th, 2019  

Agenda item:    7.2.2.2.5
Source:             Qualcomm Incorporated
Title:                  Wideband operation for NR-U
Document for:  Discussion and Decision
Introduction
In NR-U, the LBT may be performed in each subband with channel bandwidth of 20Mhz to have better coexistence with other nodes which may be operating only at 20Mhz. Based on the LBT outcome, gNB may transmit on one channel or multiple channels. While CA is an effective approach to deal with multi-channel transmission with multi-channel LBT, the wideband transmission with multi-channel LBT has been shown to reduce the system overhead and yield better system performance. 
BWP concept has been introduced in NR wideband operation where UE can be configured with multiple BWPs:
· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell
· A BWP consists of a group of contiguous PRBs
The NR BWP concept is motivated by at least three main scenarios:  Reduced UE BW capability, Load balancing within CC and UE power saving.
A few options have been proposed to extend BWP to the multi-channel transmission in NR-U:
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
According to RAN4, the BWP switching delay can be in a range of [400us, 600us, 950us, 2000us] depending on the switching scenario (whether there is center frequency change and/or numerology change) and UE capability (type 1 or type 2).  As we can see, even the fast BWP switching involves 400us delay. Introducing LBT dependent BWP switching will introduce extra overhead and additional chance to lose the channel occupancy. 
Rel.15 NR can have multiple BWPs configured, but only one is active at a time. Though it is possible to change the system to support multiple active BWPs, this involves some fundamental changes for RAN2 spec and functionality-wise, may not be more than what Option 3 can support.
[bookmark: p13][bookmark: p1]Proposal 1: NR-U supports wideband operation by following Rel.15 NR behavior, where multiple BWPs can be configured, but only a single BWP can be activated
DL wideband BWP operation
For DL operation, both option 2 and option 3 support a single active wideband BWP covering multiple 20MHz subbands. The difference is option 2 restricts the usage of the BWP to only when all subbands pass LBT. Though this behavior leads to simpler design and easier implementation, we believe it introduces more restrictions compared to Wi-Fi, and will lead to competitive disadvantage. Also note that Option 2 is a special case of Option 3 and can be a gNB implementation choice.
[bookmark: p2]Proposal 2: NR-U supports Option 3 for DL wideband BWP operation, which covers Option 2 as a gNB implementation choice.
Within Option 3, we will need to further decide if non-adjacent subbands can be used together, or only adjacent subbands can be used together in a COT. 
[bookmark: p3]Proposal 3: Further study if non-adjacent subbands can be used in an active BWP in a COT.
Option 3 is certainly more complex than option 2, and at least the following has to be considered:
· How to monitor the coreset
· How to transmit PDSCH
· Subband usage indication
For coreset monitoring for Option 3, the requirement is, 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 (Figure 1). However, Rel.15 NR has limitations on the number of coresets and the number of search space sets. These limitations will be quickly reached if there are multiple subbands and coresets are defined for each subband.
It turns out Rel.15 NR coreset design is flexible enough to support dynamic subband usage.  
One way to configure coreset is forming the coreset by RBs in multiple clusters, where each cluster is over a continuous set of RBs. For example, to support Option 3 over 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.


[bookmark: _Ref534829114]Figure 1. Coreset configuration example with one coreset per subband
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: p4]Proposal 4: Rel.15 NR wideband multi-cluster coreset can be used to support subband based access of wideband BWP.
For the PDSCH transmission, since NR uses frequency first mapping, if a PDSCH crosses multiple subbands and some of the subbands are punctured due to LBT failure, the decoding for each CB will be affected. However, NR has natural HARQ retransmission to handle the failures. On the other hand, if there are multiple UEs to schedule in DL, and each UE’s PDSCH is restricted to one subband, then the PDSCH to the UE is either fully punctured or fully transmitted in frequency domain. For example, in Figure 4, we show a case where gNB plans to schedule three UEs. One on subband 0, one on subband 1 and another on subband 2 and 3. LBT passes on subband 0,1,3 and fails on subband 2. PDSCH for UE1 and UE2 are sent without any issues. However, for UE3, since gNB does not have too much time to react to the LBT failure, it continues to transmit portion of the PDSCH on subband 3 but punctures the portion of the PDSCH on subband 2. At a later time, it starts avoiding scheduling on subband 2. More advanced gNBs may have different sets of PDSCH(s) prepared for different LBT outcomes and can even avoid such puncturing.


[bookmark: _Ref534913715]Figure 4: DL operation with option 3
After the LBT, the gNB knows which subbands can be used in the current COT. It will be beneficial to eventually indicate to the UE the subband usage. For example, when the subband usage is known, the UE can adjust the PDCCH monitoring to allocate the blind decodings to the coreset clusters in the used subbands only. We propose the include the subband usage information in the COT structure indication as well, as similar to duration, the bandwidth is part of the COT structure after all.
[bookmark: p5]Proposal 5. Include the subband usage information as part of the COT structure indication.
UL wideband BWP operation
For UL transmission, similar to DL transmission, we have Option 2 and Option 3 as well. We believe the definition of Option 2 and Option 3 is not very clear. For example if the UE is granted with a PUSCH in one subband only out of a BWP covers two subbands, the transmission of the PUSCH should happen if the LBT for the subband contains PUSCH passes. Therefore, we propose to update the language for Option 2 and Option 3 as follows:
Instead of a symmetric design, we propose to support Option 2 for UL 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: p6]Proposal 6: NR-U supports Option 2 for UL wideband BWP operation. 
Summary
The proposals and observations made in this contribution are summarized below.
Proposal 1: NR-U supports wideband operation by following Rel.15 NR behavior, where multiple BWPs can be configured, but only a single BWP can be activated
Proposal 2: NR-U supports Option 3 for DL wideband BWP operation, which covers Option 2 as a gNB implementation choice.
Proposal 3: Further study if non-adjacent subbands can be used in an active BWP in a COT.
Proposal 4: Rel.15 NR wideband multi-cluster coreset can be used to support subband based access of wideband BWP.
Proposal 5. Include the subband usage information as part of the COT structure indication.
Proposal 6: NR-U supports Option 2 for UL wideband BWP operation. 
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