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Introduction
Following the recently concluded study item on the feasibility of using NR in unlicensed band, the NR-U WI is in progress in RAN1 [1]. The following recommendations were made for frame structure:
For wideband operation for both DL and UL,
-	Bandwidth larger than 20 MHz can be supported with multiple serving cells.
-	NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz. 
In TR 38.889, several options for BWP-based operation within a carrier with bandwidth larger than 20 MHz were left for finalization when specifications are developed [2]. The TR also does not consider CA-based multi-carrier operation in much detail. In this contribution, we discuss these aspects and develop recommendations for the same.

NR-U Wideband design

BWP-based Operation
For carriers with bandwidth larger than 20 MHz, the TR has the following options for DL and UL transmissions:
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

With respect to Option 1a and 1b on both DL and UL, the impact of multiple active BWPs is expected to be significant in terms of complexity, UE energy consumption, and HARQ operation since this would be a major change from Rel-15 NR. Therefore, it is recommended that NR-U supports only a single active BWP at any given time, though multiple BWPs can be configured and fast switching between BWPs is desirable.

Proposal 1: NR-U supports only a single active DL and/or UL BWP at any given time, though multiple BWPs can be configured. 

Due to sub-band LBT in multiples of 20 MHz, some frequency sub-bands of a BWP larger than 20 MHz may fail LBT while the remaining clear LBT. The feasibility of transmitting DL or UL in such a fragmented BWP is an open question since RF leakage due to transmission may occur into the unused sub-bands, and interference may be received from these parts from nodes of the same/different RAT, potentially causing blocking. These questions led to a LS from RAN1 to RAN4 [3]. RAN4 replied as follows regarding the need for RF requirements within a wideband carrier (> 20 MHz) that spans multiple “LBT sub-bands” [4]:
New RF requirements would be needed for transmission options as described in RAN1 LS, such as: 
· In-carrier leakage and blocking requirement: this will be required at the “gap(s)” where CCA fails.
· “Out-of-BWP” (however within the wideband carrier) leakage requirement: this may be required at the edges of BWP within the wideband carrier bandwidth.
Therefore, the complexity of non-contiguous transmission within a BWP is not insignificant. However, it is recognized that medium occupancy can vary dynamically and that the entire BWP may not always clear LBT. In order to enhance the channel access agility of wideband NR-U, fast BWP switching and activation based on LBT outcome is desirable. In this way, a UE can be configured with DL BWPs of 40 MHz, 60 MHz, 80 MHz, 160 MHz, for example, and the BWP used for transmission is activated based on LBT outcome. Thus, no gaps within the BWP with corresponding in-carrier leakage and blocking requirements would exist, and existing out-of-BWP leakage requirements would be sufficient.
Based on the above discussion, we have the following proposal.
[bookmark: _GoBack]Proposal 2: NR-U supports Option 2 for DL and UL BWP-based operation with fast BWP switching and activation based on LBT outcome. 

CA-based Operation
CA-based operation for NR-U is an extension of CA-based operation for LTE LAA. The CA-based mode of operation should take coexistence into account in frequency bands where coexistence with other technologies is necessary, including at least the 5 GHz band. For LTE LAA, Type A (Cat-4 LBT on all carriers) and Type B (Cat-4 on a ‘primary’ carrier and Cat-2 LBT on the others) multi-carrier channel access schemes are defined.
Operation on any combination of carriers is allowed using the Type A multiple carrier channel access scheme in the EN BRAN 301 893 specification.
Furthermore, the EN BRAN (for DL and UL) and Rel-14 eLAA specifications for UL allow operation of a set of noncontiguous carriers in the 5GHz band with Type B multi-carrier channel access as long as they follow the channel bonding rules which mandates that within a set of carriers operating within a channel bonding group, a Cat-4 LBT procedure should be used at least on one carrier in the group. This facilitates fair coexistence with WiFi, which follows a channel bonding procedure based on Type B with additional restrictions on which carrier is chosen as the primary. The same channel bonding procedure is in place for UL LTE LAA, and is currently under discussion for DL LTE LAA in RAN4.
Therefore, in order to ensure fair coexistence with WiFi and LTE LAA, NR-U should support Type A, and Type B multi-carrier channel access with channel bonding requirements on both the DL and UL. 
Proposal 3: NR-U supports Type A multi-carrier channel access, and Type B multi-carrier channel access with channel bonding requirements on both the DL and UL. 

Summary
In this contribution we discussed BWP-based operation within a carrier with bandwidth larger than 20 MHz and CA-based operation for NR-U. The following proposals ensued.
Proposal 1: NR-U supports only a single active DL and/or UL BWP at any given time, though multiple BWPs can be configured. 
Proposal 2: NR-U supports Option 2 for DL and UL BWP-based operation with fast BWP switching and activation based on LBT outcome. 
Proposal 3: NR-U supports Type A multi-carrier channel access, and Type B multi-carrier channel access with channel bonding requirements on both the DL and UL. 
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