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Introduction
RAN1 has discussed about how to support wideband operations, and made below agreements.
· In the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  
multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
As for NR in licensed bands, it is expected that NR-U will support transmissions over a wide bandwidth (>> 20 MHz). In NR Rel-15 there are two modes of operation to support wideband transmissions:
· [bookmark: _Hlk525634278]Mode 1: Carrier aggregation (CA)-based wideband operation analogous to LTE-eLAA
· Mode 2: Single wideband carrier operation based on a single active bandwidth part (BWP)

 We give our analyses in this paper.
[bookmark: _Ref525832305]Discussions
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[bookmark: _Ref524529042]Figure 1: Wideband operation modes: Mode 1 is CA-based; Mode 2 is single wideband carrier-based.

As described in [1], compared to Mode 2 approach, Mode 1 has less standard impact (using LTE-based LAA as baseline) and require less stringent processing requirements since parallel transport block processing can be performed independently per CC. There are also other drawbacks for Mode 2 highlighted in [1]. One issue is about the case where a UE cannot grasp all configured LBT bandwidth pieces due to the LBT failures prior to a transmission. The MAC PDU has been already built for the full LBT bandwidth pieces before the LBT operations. The UE would then have no sufficient time left to reprocess the MAC PDU to fit with the bandwidth pieces that are grasped. 
[bookmark: _Toc525809949][bookmark: _Toc525832298][bookmark: _Toc525832318]Mode 1 has less standard impact (using LTE-based LAA as baseline) and require less stringent processing requirements.
[bookmark: _Toc525725861][bookmark: _Toc525725905][bookmark: _Toc525809950][bookmark: _Toc525832299][bookmark: _Toc525832319]For Mode 2, additional processing complexity is required for the UE in case the UE has obtained only part of bandwidth pieces which doesn’t fit the granted resources.
One claimed drawback of Mode 1 is that each CC has a guard band defined by RAN4 which reduces the spectral utilization efficiency compared to Mode 2 for the case when transmission occurs over the full BWP. However, from RAN4 perspective there is no requirement that the guard bands between two or more contiguous carriers are left empty. Hence, optimizations may be considered whereby the transmitting device uses the guard REs and the receiving device assumes that PxSCH is mapped to these REs.
[bookmark: _Toc525809951][bookmark: _Toc525832300][bookmark: _Toc525832320]For Mode 1 wideband operation in NR-U, it is beneficial to utilize the guard bands between two or more contiguous CCs for PxSCH reception (x = D for downlink and = U for uplink).
For Mode 2, two possible approaches considered here are: (1) sub-band LBT where LBT is performed in units of 20 MHz, and (2) wideband LBT where LBT is performed over the full bandwidth of the BWP. In the latter, transmission only occurs if the entire BWP is sensed as unoccupied.
for wideband LBT, the channel is sensed over the entire BWP. Based on this, transmission occurs over the entire BWP if LBT is successful, or not at all if LBT fails. In contrast to sub-band LBT, wideband LBT avoids the puncturing/rate matching issues and the guard band issues mentioned in the prior two sections, thus avoiding many RAN1 and RAN4 specification changes. We point out that such specification changes would end up making single-wideband carrier transmission with sub-band LBT very similar to CA-based operation anyway. It seems entirely unnecessary to re-invent the wheel. Based on this, we propose the following

[bookmark: _Toc525672359][bookmark: _Toc525809953][bookmark: _Toc525832302][bookmark: _Toc525832322]NR-U supports CA-based wideband carrier operation (Mode-1) with carrier bandwidth equal to the LBT bandwidth.
[bookmark: _Toc525672360][bookmark: _Toc525809954][bookmark: _Toc525832303][bookmark: _Toc525832323]NR-U supports single wideband carrier operation (Mode-2) with wideband LBT only, and not sub-band LBT.

In NR licensed, the BWP concept is to limit the UE to monitor only one active BWP to reduce UE power consumption. It is also motivated by a fact that it is typically unnecessary for a UE to support all BWPs be active at the same time for a limited data activity. 
It is straightforward that NR-U sticks to the BWP concept to reduce the standardization efforts, so that the UE is configured with only one active BWP per carrier. This rule is valid for both control signalling transmission and data transmission.
In NR licensed, a wideband carrier can be up to 400MHz for above 6GHz and 100MHz for sub. In order to serve UE terminals with different bandwidth capabilities, the cell need to be configured with multiple BWPs with different bandwidth sizes. For wideband operation, companies have also proposed to support multiple active BWPs for the UE, which is not supported in NR Rel-15. 3GPP work groups must spend substantial additional efforts in order to support multiple active BWPs. however, the achieved functionalities with multiple active BWPs are much similar as that of carrier aggregation. Therefore, 3GPP shall not spend efforts to standardize the redundant feature. Additional RF requirements on cross BWP operations need to be specified in RAN4.
[bookmark: _Toc525809952][bookmark: _Toc525832301][bookmark: _Toc525832321]The achieved functionalities with multiple active BWPs are similar as that with carrier aggregation.

[bookmark: _Toc525809955][bookmark: _Toc525832304][bookmark: _Toc525832324]NR-U sticks to the rules for BWP concept as in NR licensed, meaning that only one active BWP is configured for a UE per carrier.

Conclusion
In section 2 we made the following observations:
Observation 1	Mode 1 has less standard impact (using LTE-based LAA as baseline) and require less stringent processing requirements.
Observation 2	For Mode 2, additional processing complexity is required for the UE in case the UE has obtained only part of bandwidth pieces which doesn’t fit the granted resources.
Observation 3	For Mode 1 wideband operation in NR-U, it is beneficial to utilize the guard bands between two or more contiguous CCs for PxSCH reception (x = D for downlink and = U for uplink).
Observation 4	The achieved functionalities with multiple active BWPs are similar as that with carrier aggregation.

Based on the discussion in section 2 we propose the following:
Proposal 1	NR-U supports CA-based wideband carrier operation (Mode-1) with carrier bandwidth equal to the LBT bandwidth.
Proposal 2	NR-U supports single wideband carrier operation (Mode-2) with wideband LBT only, and not sub-band LBT.
Proposal 3	NR-U sticks to the rules for BWP concept as in NR licensed, meaning that only one active BWP is configured for a UE per carrier.
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