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Introduction
A new Study Item on “Study on NR-based Access to Unlicensed Spectrum” was approved in 3GPP RAN#75 meeting. The study includes the following objectives [1]:
· [bookmark: _GoBack]Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g. 5GHz, 37GHz, 60GHz bands 
In RAN1#93 meeting, the following agreements were made [2][3], respectively.
Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported
· LBT requirements to support single or multiple switching points, include
· For gap of less than 16us: no-LBT can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 
· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 
· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.
 
Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure
· Identify the changes needed to support FBE operation of NR-U
· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 
· Strive to minimize the change from current NR design
 
 
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 this contribution, we will continue discussing challenges and design options we think RAN1 should consider for unlicensed NR with respect to frame structure, where our concentration lies in intra COT switching, DL/UL COT indication, and frame based equipment (FBE) feasibility. 

Discussion
Intra COT switching and LBT requirement
Single and multiple DL to UL and UL to DL switching in a shared COT has been identified as beneficial for NR-U operation by considering the flexible frame structure and scalable subcarrier spacings. 
For single switching case, ETSI BRAN [3] has regulated the responding device’s behavior on the necessity of clear channel assessment (CCA) with regard to the gap duration when switching happens. Generally, for gaps smaller than 16us, the responding device is allowed to skip the CCA in terms of friendly coexistence. Considering channel utilization efficiency and reduced CCA attempts, this short gap structure is highly promoted in NR unlicensed operations, especially when larger SCS is adopted. In our understanding, gap duration is defined as the period between the end of DL symbol and the first UL symbol for the transmission of either channel reservation signal or real UL data. In this regard, we have ruled out the case that partial OFDM symbol can be used for reservation signal transmission since this will not only increase the complexity of signal generation, but also set a very strict requirement of Rx-to-Tx RF retuning for UE. As such, we have an assumption that the gap duration should be integer multiples of the length of a OFDM symbol which is relevant to the corresponding numerology. To be more specific, the following example is provided. Assume a UE is configured with 120KHz SCS with a symbol duration of only 9us (including CP). Supposing the gap duration is shorter than 2 symbols, then the responding device is capable of immediate transmission once data processing and preparation is ready without a CCA check. 
For multiple switching case, ETSI BRAN does not specify such scenario although it considers the gap issue for multiple transmission from responding device within the COT acquired by the initiating device. The same situation goes for the scenario when DL to UL switching is associated with a gap duration larger than 25us, and FeLAA does not capture the similar scenario either. In this regard, one-shot LBT is one of the appealing choices instead of a Cat.4 LBT due to the increased channel access latency it may cause. However, it seems that single one-shot LBT cannot fully satisfy the requirements of fair coexistence. Thus, it is expected to study the number of one-shot LBT needed for gap durations greater than 25us. From our viewpoint, the number jointly depends on the exact length of the gap and the transmission type, short control or data. For UL/DL data transmission, in order to ensure the principle of fair coexistence, the total sensing duration should not be smaller than the gap duration by the scheduled transmission timing. But for short control signaling, e.g., HARQ feedback, it seems that one-short LBT is enough while no-LBT is allowed in ETSI BRAN in similar cases.
It is hence envisioned that the necessity of performing CCA and the number of one-shot LBT shall be studied by considering the gap length and transmission type.
Observation 1: The total number of switching points within the shared TxOP shall be limited.
Observation 2: LBT requirements for each DL to UL switching is relevant to gNB/UE capability and gap length.
Observation 3: The number of one-shot LBT required for gap durations greater than 25us is not fixed.

Proposal 1: Study the total number of switching points within the shared TxOP with respect to gNB/UE capability, numerology, channel access priority class and corresponding QoS requirements.
Proposal 2: Study the necessity of channel access requirements at the switching point.
Proposal 3: The number of one-shot LBT required for gap durations greater than 25us should be associated with the exact gap duration and the transmission type. 
COT indication                                                                                      
In LTE LAA, DL ending position has been defined as {#3, #6, #9, #10, #11, #12, and #14}, which is indicated in the PDCCH common search space of every subframe within the DL COT. On top of that, UL duration and offset, equivalent to UL COT, is also indicated in the PDCCH. This DL and UL COT indication to UE is beneficial in terms of fine channel tracking, accurate CSI measurement, reduction of PDCCH monitoring attempts, and UL COT sharing with autonomous UL UE and/or scheduled UL UE. In addition, in NR-U operation, COT indication could be introduced by an enhancement of the SFI (e.g. ending of COT, or COT duration associated with a starting symbol). In order to fully utilize unlicensed channel and save UE power consumption, symbol level COT indication by enhanced SFI shall be studied.
Proposal 4: Study further enhancement of SFI to indicate COT.

FBE
In order to fairly share the unlicensed spectrum, ETSI BRAN Harmonized standard [3] has elaborated two channel access schemes which are Frame Based Equipment (FBE) LBT and Load Based Equipment (LBE) LBT. For 3GPP, LBE is adopted for LTE LAA by referring to the channel access scheme of 802.11 series whose current preference is CSMA/CA. For NR-U, it is expected to enlarge the scope of channel access in favor of ever-growing scenarios and service demands, and FBE will thus be revisited as the other channel access candidate in such cases. 
As per the regulation of FBE in ETSI BRAN, the equipment shall perform a CCA check before immediately starting transmissions on an Operating Channel, whereby the energy detection can be either simplified CCA (e.g. 20us) or full CCA with random backoff. If simplified CCA is adopted for DL/UL data transmission (PDSCH/PUSCH) in such case, coexistence fairness with Wi-Fi is hard to assure as CSMA/CA is the fundamental requirement for accessing the channel in Wi-Fi systems. This implies that 3GPP devices could always embrace larger channel access possibility than Wi-Fi related devices due to the mismatched channel access schemes. For SS/PBCH or DRS (if still reserved) transmission, it seems that FBE is more efficient for such short control signaling transmission, and the corresponding COT could even be shared with UEs for measurement reporting. On the other hand, if full CCA with a CW and random backoff procedure is adopted, FBE is not a good choice compared with LBE since the equipment shall not transmit on the channel until next Fixed Frame Period if the previous transmission is missed due to LBT failure. Extra delay would be introduced because of the Fixed Frame Period confinement, especially for the high load case. The same situation obtains for the simplified CCA case.
The following is an example of the possible unfair coexistence among intra RAT devices for NR-U. Whatever CCA type is used, as shown in Fig1, it is quite difficult for UE2/gNB2 to access the channel if COT_UE2/gNB2 >= COT_UE1/gNB2. 



(a) FBE frame structure with completed CCA


(b) FBE frame structure with simplified CCA
Fig1: FBE frame structure with respect to CCA type

Proposal 6: Study the restrictions on FBE for friendly coexistence with intra RAT and inter RAT devices. 


Conclusions
In this contribution, based on the above discussion we have the following proposals:
Proposal 1: Study the total number of switching points within the shared TxOP with respect to gNB/UE capability, numerology, channel access priority class and corresponding QoS requirements.
Proposal 2: Study the necessity of channel access requirement at the switching point.
Proposal 3: The number of one-shot LBT required for gap durations greater than 25us should be associated with the exact gap duration and the transmission type.
Proposal 4: Study the necessity of channel access requirement at the switching point.
Proposal 5: Study further enhancement of SFI to indicate COT. 
Proposal 6: Study the restrictions on FBE for friendly coexistence with intra RAT and inter RAT devices.
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