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Introduction
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 LAA and standalone based unlicensed operations.   

In RAN1 #93, It was agreed that [3]

Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition
· FFS: further usage scenarios

In RAN1 #94, several contributions were submitted discussing the possible design and use cases of “initial signal” (e.g. [5][6][7][8][9]). In addition, it was also discussed in RAN #81 [10] that adopting a preamble mechanism should be studied for 5GHz band for improving intra and inter-operator NR-U sharing, as well as a new sharing framework should be studied for new unlicensed bands <7GHz.
 
In this contribution, we briefly discuss potential challenges and solutions to DL channel design in unlicensed spectrum access. In companion papers[11][12], we also briefly discuss other potential enhancements to physical layer procedures including dynamic bandwidth adaptation in wideband operation, RACH waveform and channel access for unlicensed access.

Preamble-based Initial signal for NR Unlicensed
UE power saving
Power saving for NR-U devices
In existing LAA, UE needs to monitor downlink control channel at the slot boundaries. It is known that control channel monitoring is power consuming, and in a typical “day of use” statistics, large portion of the control channel decoding happens in subframes where the UE receives no grant or scheduling. This issue could potentially be more notable in a loaded deployment in unlicensed spectrum, as the serving gNB may not even get access to the medium due to LBT failures. 

Further, this situation could potentially get worse in NR-U due to the support of flexible frame structure (e.g. mini-slot) and shorter TTI using scaled numerology. From spectrum utilization perspective, the flexible frame structure and shorter TTI can allow gNB to access the available channel faster and more efficiently. On the other hand, this also implies that UE will have to monitor the downlink control channel more often.

A low complexity “initial signal” could potentially help achieving a more favorable trade-off between medium access latency and UE monitoring complexity. One possible solution of the initial signal is illustrated in Figure 2‑1
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[bookmark: _Ref521574855]Figure 3‑1 Initial signal for NR-U
Specifically, the initial signal may include the following fields:
· A low complexity detection preamble: this could help UE monitor the channel occupancy at lower cost than regular DCI monitoring, both from UE RF complexity and baseband complexity. It is desirable that the detection preamble is universal (at least within NR-U). A universal detection preamble could also allow coherent detection and achieve better coexistence with other devices.
· COT information: this information, if detected, can help other devices skip unnecessary blind control channel decoding
· Cell ID and optional UE group ID indication: this information, together with COT, can help devices skip unnecessary blind control channel decoding.

To briefly illustrate, Figure 2‑2 shows example that an NR-U device only wakeup to try control channel decoding after its associated cell ID is detected from the wake-up signal.
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[bookmark: _Ref521576373]Figure 3‑2 UE wake up from serving cell 

The benefit of the wake-up signal is clear when the UE and gNB are synchronous, i.e., it is either the serving gNB, or a different gNB but deployed within a synchronous network. Additionally, a UE might still benefit from the wake-up signal even from an asynchronous non-serving gNB. 
In practice, a gNB will likely grab the channel between scheduling boundaries after a successful LBT and back off procedure. In such scenario, the gNB could start sending the wake-up signal as a form of reservation signal and repeat till the next available scheduling boundary, as illustrated in Figure 2‑3. 

Notice that in addition to power saving from UE perspective, gNB could also benefit from decoding the wakeup signal from other cells and skip CCA for the indicated COT duration.

Observation 1: A NR-U initial signal including low detection complexity preamble, cell ID and CoT information is beneficial for NR-U UE power saving.

Power saving for Wi-Fi devices
Wi-Fi devices already widely exist in many unlicensed spectrums, e.g., 2.4GHz, 5GHz. Almost all cellular phones nowadays support Wi-Fi as well, which also directly impact user experience. Each Wi-Fi transmission includes a common legacy preamble of 20us at the beginning, including a universal signature sequence followed by a short information field of packet length decodable by every Wi-Fi devices. 

Existing Wi-Fi modems heavily leverage this common preamble structure for UE power saving. When a Wi-Fi device wakes up, it continuously detects the preamble. Once the preamble is detected, and the UE further identifies that data is for other devices, the UE will go to sleep based on the packet length information from the preamble. However, if the transmission is from other RATs (e.g., LAA) without such preamble, the UE will need to keep detecting preamble without opportunity to go to sleep. Therefore, if NR-U could support an initial signal whose preamble part reuses the legacy Wi-Fi preamble, as shown in Figure 3‑1, it could still allow the same power saving mechanism as in a Wi-Fi only network. 

Observation 2: Including legacy Wi-Fi preamble into the NR-U initial signal is beneficial for Wi-Fi device power saving.

Proposal 1: NR-U to support initial signal including low complexity detection pre-amble, and indicating COT, cell ID information.
Better coexistence
A preamble based initial signal not only provide benefits in UE power saving, but also allows for better coexistence in unlicensed spectrum. This includes both coexistence with other NR-U networks and coexistence with other RATs (e.g. Wi-Fi).

Existing Wi-Fi CCA is based on both coherent preamble detection (PD) and non-coherent energy detection (ED), where the former uses threshold at -82dBm and the latter uses threshold at -62dBm. The preamble detection aims at detecting transmission from other Wi-Fi devices, while the energy detection helps to detect transmission from other RATs.

The LAA design solely relies on energy detection (at -72dBm), which does not distinguish transmission from other LAA devices or Wi-Fi devices.

Sharing in spectrum with incumbent Wi-Fi
For spectrum already with wide Wi-Fi deployment, transmitting and/or detecting a common preamble as the Wi-Fi transmission (i.e. legacy 801.11a preamble) in NR-U allows for better coexistence between NR-U and Wi-Fi devices than the without a common preamble, due to the following reasons, respectively:
· With coherent PD, a potential Wi-Fi transmitter can detect and yield to another Wi-Fi transmission at lower power level (i.e. -82dBm) than detecting another NR-U transmission without preamble (i.e. at -62dBm with ED). Therefore, a potential Wi-Fi interference is more likely to interfere an NR-U transmission without preamble than to interfere a Wi-Fi transmission.
· Similarly, an on-going Wi-Fi transmission can be detected by another potential Wi-Fi transmitter at lower power level due to coherent PD than by another potential NR-U transmitter that only do ED. Therefore, a Wi-Fi transmission is more likely to be interfered by a potential NR-U transmitter (that only do ED) than by a potential Wi-Fi transmitter.

Therefore, at least for spectrum/region where legacy Wi-Fi can’t be ruled out, it is desirable to support a legacy Wi-Fi preamble in NR-U transmission, in order to achieve fair coexistence between the two RATs.

Observation 3: Including legacy Wi-Fi preamble into the NR-U initial signal, and detecting legacy Wi-Fi preamble by gNB are beneficial for fair coexistence between NR-U and Wi-Fi.

Proposal 2: For spectrum with existing Wi-Fi deployment, NR-U to include legacy Wi-Fi preamble in the initial signal.

Proposal 3: For NR-U gNBs that choose to implement legacy Wi-Fi preamble detection in CCA, specifications should allow those gNBs to adopt the PD threshold of -82dBm and ED threshold of -62dBm

Sharing in new “green field” spectrum
For a new spectrum without heavy Wi-Fi penetration, the issue of fair coexistence with incumbent technology no longer exists. In this case, better spectrum sharing framework can further be discussed, and a joint design with other technology (e.g. Wi-Fi) is preferable.

[bookmark: _Ref510795623]Proposal 4: For new spectrum without incumbent Wi-Fi penetration, a new spectrum sharing and coexistence frame should be studied, and a joint design with Wi-Fi is preferable.

PDCCH Monitoring
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[13][14]. 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 5: NR-U devices should not be configured to monitor PDCCH at symbol or mini-slot level outside of CoT, unless low power wake up mechanism (or initial signal) is adopted.

Conclusions
In this contribution, we discuss the benefits of introducing initial signal containing preamble, cell ID and CoT in NR-U. We also discuss the benefits or reusing the legacy Wi-Fi preamble in the initial signal, at least for spectrum with existing Wi-Fi deployment. We have the following observation and proposals:

Observation 1: A NR-U initial signal including low detection complexity preamble, cell ID and CoT information is beneficial for NR-U UE power saving.

Observation 2: Including legacy Wi-Fi preamble into the NR-U initial signal is beneficial for Wi-Fi device power saving.

Observation 3: Including legacy Wi-Fi preamble into the NR-U initial signal, and detecting legacy Wi-Fi preamble by gNB are beneficial for fair coexistence between NR-U and Wi-Fi.

Proposal 1: NR-U to support initial signal including detection pre-amble, COT, cell ID.

Proposal 2: For spectrum with existing Wi-Fi deployment, NR-U to include legacy Wi-Fi preamble in the initial signal.

Proposal 3: For NR-U gNBs that choose to implement legacy Wi-Fi preamble detection in CCA, specifications should allow those gNBs to adopt the PD threshold of -82dBm and ED threshold of -62dBm

Proposal 4: For new spectrum without incumbent Wi-Fi penetration, a new spectrum sharing and coexistence frame should be studied, and a joint design with Wi-Fi is preferable.

Proposal 5: NR-U devices should not be configured to monitor PDCCH at symbol or mini-slot level outside of CoT, unless low power wake up mechanism (or initial signal) is adopted.
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