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LTE based unlicensed operations, i.e. LAA/eLAA, were introduced starting from Rel-13. A Rel-15 study item [1] on NR-based unlicensed access has been approved to study the solutions applicable to potential spectrum candidates both below and above 6Ghz, as well as various deployment scenarios, including CA or DC based and standalone based NR unlicensed operations.   
 
In RAN1 #92bis, it was agreed that [2]:
Agreement:
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 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.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

One critical problem in NR-U design, which has also been extensive discussed, is how the system can dynamically adapt to available channels based on sub-band LBT results. A robust and efficient design should fully utilize existing NR’s ability to support wider carrier bandwidth to fully utilize the available channels, but also achieve good balance with UE’s power consumption, which is also critical to the real adoption and commercialization of the technology.
 
In RAN1 #94bis, it was further agreed that 
Agreement:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· 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
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95

In this contribution, we briefly discuss the possible mechanism of wideband channel access for NR-U and some potential enhancements for NRU coexistence with other RATs, as well as how to potentially achieve balance between UE power saving and wideband channel operation. We also discussed the related time domain aspects of NR-U frame structure, specifically from UE monitoring perspective. 

Wideband operation for NR-U
As shown in section 1, it has been agreed that for bands where absence of Wi-Fi can’t be guaranteed, NR-U operation should support bandwidth in multiple of 20Mhz, and that the LBT can be performed in unit of 20Mhz. This helps fair coexistence with existing Wi-Fi, where channel occupancy can be in form or 20Mhz, 40Mhz, 80Mhz and 160Mhz as in 802.11ac. In addition, LBT in unit of 20Mhz also allows for higher channel usage efficiency and flexibility, as gNB may potentially have faster access to the available subchannels depending on the implementation.

[bookmark: _Ref525907811]Bandwidth adaptation with sub-channel LBT
Implementation and challenges of wideband operation in NR-U has been extensively discussed in the past meetings (e.g., in [7][8]). Due to the variations in channel availability in unlicensed spectrum, both gNB and UE will need to dynamically adapt the operation bandwidth based on LBT results. This dynamic bandwidth adaptation can potentially be achieved using two alternative mechanisms under the existing NR framework:
· BWP approach: using BWP switching mechanism to switch between different BWP’s with different BW
· CA approach: using component carrier activation/deactivation mechanism

Configuring different 20Mhz sub-channels as independent component carriers to the UE gives the network more flexibility to dynamically expand to wider BW based on channel availability regardless whether the available subchannels are contiguous or not, as UE may use separate RF chains for different carriers. The CA approach (as adopted in LAA) will be supported in NR by default. However, this approach has implications on HW architecture and availability. In addition, existing CC activation procedure relies on MAC-CE, which is not be fast enough. It is desirable to support faster CC activation mechanism, e.g., using DCI. 

The BWP approach simplifies the UE HW architecture, as wider bandwidth (in integer multiples of 20Mhz) is achieved with a single Rx chain. The four candidate options as listed in section 1 from RAN1 #94bis discussed different BWP based implementations.
 
For option 3, gNB can transmit data to UE even only part of the BWP is available. For example, UE is monitoring 40Mhz BWP, while network may still transmit to the UE on 20Mhz subchannel when the other 20Mhz subchannel is not available. Although this allows more efficient usage of the channel, UE might suffer from strong in-band interferer inside a wideband BWP, as shown in Figure 2‑1 (a), due to the following reasons:
· The signal from the other occupied sub-channel can potentially be close to the receiver, injecting strong signal that can de-sense the receiver.
· The signal from the other occupied sub-channel is likely not synchronous or orthogonal to the serving gNB, leading to potential ICI, unless large enough guard tones reserved within the BWP
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[bookmark: _Ref525855199]Figure 2‑1 gNB performing sub-channel based LBT
In addition to the de-sense issue, UE reception at a wider bandwidth BWP while only part of the active BWP can be used by the gNB is not desirable from UE power saving perspective. 

For option 2, this potential issue of in-band interferer is largely avoided, as gNB only transmit to the UE if the whole BWP monitored by the UE is fully available.

For option 1a/1b, the definition and the corresponding UE behavior and implementation are not clear. For example, does UE use separate Rx chains for the multiple active BWPs? If so, that is essentially CA. If multiple active BWPs are supported on a single Rx chain, then a similar issue of receiver de-sense from in-band interferer would occur as with option 3.

Proposal 1: NR-U supports BWP based wide bandwidth operation using option 2.


Primary sub-channel monitoring from UE power saving perspective
From gNB perspective, monitoring wideband channel availability using (20Mhz) sub-band based LBT allows for more efficient channel utilization. However, from UE perspective, keep monitoring the scheduling information across wideband (i.e., multiple sub-channels) can be power consuming. For example, monitoring a BWP of 40MHz can cost 40% more power than monitoring 20Mhz subchannel, and monitoring a BWP of 80MHz leads to more than twice the power consumption compared to a monitoring 20Mhz subchannel. Therefore, it is desirable that UE only monitors a “primary” sub-channel (e.g., 20MHz), as configured by the gNB, and can be changed to wider bandwidth dynamically based on gNB LBT results. 

Specifically, this includes the following steps:
· gNB configures a “primary” (or default) sub-channel (e.g., 20Mhz) for each UE individually.
· UE will only monitor on the primary sub-channel for scheduling by the serving gNB.
· gNB always starts scheduling UE on the primary sub-channel, but can dynamically switch/activate wider bandwidth for the UE during the CoT, based on LBT results.

However, to avoid frequent BW retuning overhead at UE side, during extensive data transaction (e.g. when downloading a large size file), gNB can tentatively configure the primary channel of the UE to be a larger BW (e.g. 40Mhz, or 80Mhz). This way, the UE doesn’t need to retune its RF BW for every CoT during the period of extensive data transaction. 

The network can further support low complexity “initial signal” to reduce UE power consumption, as discussed in more details in [6].

BWP based dynamic adaptation to wider BW
Figure 2‑2 illustrates how the network can incrementally increase the UE BW by changing to wider BWP when more than one sub-channel can be accessed. To further balance the load and have more efficient utilization of different sub-channels, gNB can configure different primary sub-channel to different UEs.
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[bookmark: _Ref525897212]Figure 2‑2 UE sub-band monitoring and wider bandwidth BWP switching
For dynamic bandwidth adaptation using BWP mechanism, network should use contiguous sub-channels. Further, for fair coexistence with other NR-U network or RATs (e.g. 802.11ac), it is also desirable to adopt certain multi-channel bonding rules, as shown in Figure 2‑3
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[bookmark: _Ref525896902]Figure 2‑3 channel bonding rule for BWP of different bandwidth
The channel bonding rule makes two BWPs of the same size either non-overlapping or fully overlapping, and can avoid the situation where a single BWP blocking 2 other BWPs with same size (e.g. partial overlapping with both 2 BWPs). 

Component carrier based dynamic adaptation to wider BW
Carrier aggregation-based BW adaptation is generally more flexible, as each sub-channel can be activated or deactivated independently. For the case of non-contiguous sub-channels, as shown in Figure 2‑1 (a), the UE may use different RF chains to achieve wider BW and avoid potential in band jamming/interference discussed in section 2.1.

A common challenge for both the BWP based and CA based BW adaptation is the required RF retuning time, either to retuning the center frequency of BWP or to activate a new carrier, which is generally on the order of several hundred micro seconds. During such a transition time, the channel availability could potentially change and a new LBT may be needed by the gNB. One possible solution is to let gNB send reservation signal before the UE is ready to receive on the new sub-channels. 

Observation 1: dynamic BW adaptation in NR-U can be supported by both BWP switching and component carrier activation/deactivation together with sub-channel based LBT at gNB side.

[bookmark: _GoBack]Proposal 2: NR-U supports narrow band monitoring from UE side, where UE only monitors scheduling information on single “primary” sub-channel configured by the network.

Proposal 3: For dynamic BW adaptation in NR-U using BWP switching, consider introducing sub-channel bonding rule.

Time domain aspects
One important design aspect that has direct impact on the UE power consumption is the periodicity that UE needs to monitor downlink control channel (i.e., PDCCH). It was proposed that UE should adapt the PDCCH monitoring periodicities based on CoT structure [9]. Specifically, it was suggested that UE should monitor PDCCH more often (e.g., at symbol or mini-slot) outside of the serving gNB’s CoT than inside the gNB’s CoT.

As PDCCH monitoring is generally power consuming, and monitoring PDCCH at symbol or mini-slot level prevents the UE to even enter micro-sleep. We believe that in practical scenarios, this is infeasible and unnecessary for most mobile devices, except for limited applications requiring ultra-low latency. On the other hand, unlicensed spectrum may not always be a desirable solution for the applications requiring ultra-low latency.

A UE may potentially be able to monitor PDCCH at sub slot level if a low complexity wake-up mechanism (or initial signal) is adopted, which allows the UE to skip most of the PDCCH decoding when there is no grant/scheduling for the UE. 


Proposal 4: NR-U devices should not be configured to monitor PDCCH at symbol or mino-slot level outside of CoT, unless low power wake up mechanism (or initial signal) is adopted.

Conclusions
In this contribution, we briefly discuss how NR-U could achieve dynamic bandwidth adaptation with reduced UE complexity, as well as a few potential enhancements to NR based unlicensed channel access. We have the following observation and proposals:

Observation 1: dynamic BW adaptation in NR-U can be supported by both BWP switching and component carrier activation/deactivation together with sub-channel based LBT at gNB side.

Proposal 1: NR-U supports BWP based wide bandwidth operation using option 2.

Proposal 2: NR-U supports narrow band monitoring from UE side, where UE only monitors scheduling information on single “primary” sub-channel configured by the network.

Proposal 3: For dynamic BW adaptation in NR-U using BWP switching, consider introducing sub-channel bonding rule.

Proposal 4: NR-U devices should not be configured to monitor PDCCH at symbol or mino-slot level outside of CoT, unless low power wake up mechanism (or initial signal) is adopted.
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