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1 Introduction

In RAN1 #92, the following agreements were reached for the Study on NR-based Access to Unlicensed Spectrum [1].
	Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).

· FFS: The definition of the frequency ranges

· Note: Optimizations for a particular frequency band may be necessary.

· Note: Channel bandwidths below 5 MHz are not targeted

· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.

· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.

· The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands.


	Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 

· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

· NR-U SCell may have both DL and UL, or DL-only.

· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· Stand-alone NR-U

· An NR cell with DL in unlicensed band and UL in licensed band

· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)


The application of regulatory requirements may depend on the definition of an unlicensed channel. For example, LBT and OCB are defined over the entire BW of a channel. As such there is a motivation to make effective use of NR bandwidth parts (BWPs) to both improve the performance of NR access in unlicensed spectrum and coexistence with other RATs.

This contribution discusses using BWPs in NR-U to address regulatory requirements while improving over-all performance.
2 Discussion
In 5GHz bands, 802.11 uses channel bandwidths of 20/40/80/160 MHz. In 60GHz bands, 802.11ad uses channel bandwidth sets that are multiples of 2.16GHz.
NR has been designed to support flexible BWs. Depending on the frequency range used, the maximum BW can be 100MHz (for FR1) or 400MHz (for FR2). One benefit of using a larger BW in unlicensed spectrum is that a UE can be served rapidly and may not require a large amount of TxOPs to receive (or transmit) its data. On the other hand, to benefit from a large BW, first the entire BW should be idle during LBT. This can reduce the likelihood of having successful LBT, especially when considering other RATs may use smaller channels and may thus simultaneously serve multiple nodes. Furthermore, for UL transmissions, the OCB requirement may need to be met. For larger BWs, this requirement can affect coverage, even when using interlacing, given that unless a large amount of UEs are simultaneously served, a UE would have to transmit many interlacing RBs to satisfy OCB.
In Rel-15 NR, bandwidth parts (BWPs) have been specified. BWPs are beneficial given that not all UEs may be able to operate on the entire carrier BW. Furthermore, BWPs can enable energy savings, given that a UE may only operate on a single active BWP at any given moment. For Rel-15 a UE can be configured with up to 4 BWP, in both DL and UL. The BWP size and location within a carrier’s spectrum is up to network implementation. The BWP model can be reused in unlicensed channel in order to mitigate the problems of large CC BWs discussed above.

Observation 1: Channelization of an unlicensed NR carrier can be achieved by use of BWP.
A UE configured with BWPs would expect DL or UL transmissions to be contained within the BWP. As such, regulatory requirements could be met only over the BWP itself. For example, for channel acquisition, LBT could be performed solely on the RBs of the BWP. And for transmission, the BW considered for the OCB requirement could be that of the BWP alone.

Proposal 1: Regulatory requirements should be met per BWP.
To make better use of the unlicensed spectrum, it would be best to match BWPs to the WiFi channels. This way, interference from one BWP, or one WiFi channel, would only impact one WiFi channel, or BWP, respectively. However, given that BWP configuration is up to network implementation, there need not be any additional rules, even in unlicensed spectrum. The network may determine appropriate BWP configurations based on any means it sees fit.

2.1 BWP switching

In Rel-15 NR, active BWP switching can be achieved by use of scheduling DCI. In this case, the network can indicate to the UE a new active BWP to use for an upcoming, and any subsequent, data transmission/reception. The same could be used for unlicensed operation. However, this has shortcomings due to the requirement for fair channel access. For example, a UE does not change active BWP until indicated explicitly by a scheduling DCI. This means that a UE only ever expects DCI transmission on a previously used or active BWP. In such a case, there is no way for a gNB to avoid the latency associated with acquiring the active BWP to transmit a DCI to a UE, regardless of if other configured BWPs are idle. Furthermore, when a UE is granted UL resources, if the active BWP is busy, the UE needs to drop its transmission, even if other configured BWPs are idle.
Hopping among BWPs would enable a reduction in channel acquisition latency. Furthermore, this would enable better use of the entire unlicensed carrier and would lead to less impacts on other UEs or operators sharing the spectrum and even on other RATs.

Downlink BWP Switching
To enable DL BWP switching, it makes sense to enable a UE to monitor multiple, configured BWPs to determine which has been acquired for DL transmissions by the gNB. For example, a UE can be configured with monitoring occasion periodicity and offset for each configured BWP. The UE may attempt to determine if a BWP has been acquired by the gNB during those monitoring occasions. Upon successfully determining that the channel is acquired, the UE may then continue with that BWP as its active BWP, at least until indicated otherwise or MCOT has been reached. When a UE has determined that a BWP is active, it may attempt blind detection of PDCCH in configured CORESETs and it might also perform measurements on aperiodic or SPS resources.
Proposal 2: A UE is configured with monitoring occasions for each configured BWP to determine which DL BWP has been acquired by the gNB.
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Figure 1. UE monitoring three BWPs to enable DL BWP switching.
Figure 1 shows an example of a UE monitoring three configured BWPs in monitoring occasions with same periodicity, but different offset. Upon reception of an indication that a BWP has been acquired, the UE can begin monitoring the appropriate CORESETs tied to the BWP.

Uplink BWP Switching

For UL transmissions, a UE may be configured with multiple AUL resources, possibly in different BWPs. Providing a UE with multiple AUL resources over multiple BWPs can ensure that if LBT fails for one AUL resource in one BWP a UE can attempt transmission in another AUL resource in another BWP. This can reduce the channel access latency and make better use of the over-all unlicensed carrier.

For the case where a UE is scheduled with an UL grant in a COT for transmission in another COT, if the UE is forced to use the same BWP in the UL as was used for the transmission in the DL (or as was used for a previous UL transmission), the channel acquisition latency can again have a negative impact. Therefore, similar to DL BWP switching, a UE should be able to switch its UL BWP in order to enable multiple attempts at channel acquisition over multiple configured BWPs. Similar to DL monitoring occasions, a UE can be configured with UL LBT occasions per configured BWP, each with its own period and offset. A UE can cycle through the LBT occasions over multiple configured BWP until successfully acquiring a channel for UL transmission.
Proposal 3: A UE is configured with LBT occasions for each configured UL BWP to enable faster channel acquisition for UL transmissions.
Proposal 4: An UL transmission can be transmitted on any one of a set of configured BWPs, possibly depending on whether LBT occasions are available before the transmission time.
3 Conclusion

In this contribution we discuss the use of BWPs to enable segmentation of an unlicensed carrier into multiple subbands. Using subbands can improve channel access latency and coverage. Furthermore, subband hopping can improve unlicensed channel use. Two means that can in turn improve coexistence. We provide the following observation and proposals:
Observation 1: Channelization of an unlicensed NR carrier can be achieved by use of BWP.
Proposal 1: Regulatory requirements should be met per BWP.

Proposal 2: A UE is configured with monitoring occasions for each configured BWP to determine which DL BWP has been acquired by the gNB.

Proposal 3: A UE is configured with LBT occasions for each configured UL BWP to enable faster channel acquisition for UL transmissions.
Proposal 4: An UL transmission can be transmitted on any one of a set of configured BWPs, possibly depending on whether LBT occasions are available before the transmission time.
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