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Introduction
During the SI stage, the following agreements and conclusions related to FBE were made as described in TR38.889 [1]:
· In Section 7.2.1.1: It has been identified that FBE operation for the scenario where it is guaranteed that LBE nodes are absent on a long term basis (e.g., by level of regulation) and FBE gNBs are synchronized can achieve the following: Ability to use frequency reuse factor 1; Lower complexity for channel access due to lack of necessity to perform random backoff. It is noted that this does not imply that LBE does not have benefits in similar scenarios although there are differences between the two modes of operation. It is also noted that FBE may also have some disadvantages compared to other modes of operation such as LBE, e.g., a fixed overhead for idle time during a frame.
· In Section 7.2.1.3.1: For FBE mode of operation, gNB acquires COT with Cat2 immediately prior to the fixed frame period. Within the gNB acquired COT, if a gap is <= 16 µs, Cat 1 channel access scheme can be used by the gNB and associated UEs. Within the gNB acquired COT, if a gap is > 16 µs, Cat 2 channel access scheme should be used by the gNB and associated UEs. Note this channel access mechanisms are intended to be aligned with any regulations for FBE operation.
 At RAN #84 [2], the following issues were identified as essential functionality for FBE in NR-U
· DL signals and channels
· Channel occupancy time and frequency domain structure indication for LBE
· UE COT detection for FBE
· gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT
· Behavior when P/SP-CSI-RS fail to transmit due to LBT
· Channel access
· 16us cat 2 LBT detailed design
· Signaling support for LBT type/priority indication
· CWS adjustment, including reference slot definition, processing timeline, what if no feedback expected or available, CWS adjustment for wideband operation and CG
· Channel access mechanism details for FBE
· UE to gNB COT sharing
Also, at RAN1 #98bis meeting [3], the following agreement was made with regards FBE operation mode in NR-U:
Agreement:
· For FBE operation, when the gNB operates as an initiating device
· The UE is provided information on the gNB fixed frame period and the starting positions of the fixed frame periods
· For the provision of the above information the following is signalled
· Indication of the fixed frame period and the starting positions of the fixed frame period (SIBx)
· FFS: Whether Rel-15 signaling can be reused
· When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the fixed frame period are detected. 
· FFS: Extension of GC-PDCCH configuration to idle UEs
· FFS: Signaling for FBE operation, when the UE operates as an initiating device

In this paper, we discuss various aspects of channel access for FBE.
Discussion
A Frame Based Equipment (FBE) as defined in [4] is an equipment which can access the channel with a periodic frame structure with a periodicity equal to the Fixed Frame Period (FFP) as shown in Figure 1. There are two types of devices - an ’initiating device’ which is a device that initiates a sequence of one or more transmissions and a ‘responding device’ which is a device that transmits one or more transmissions based on the received transmission from the initiating device and sharing its COT.
The initiating device implements channel access mechanism according to the following rules
· Fixed frame period shall be within 1 ms to 10 ms and a transmission can only start at the beginning fixed frame period. 
· Device cannot change the fixed frame period more than one time every 200 ms.
· Device shall perform a clear channel assessment (CCA) check during a single observation slot. If the initiating device finds the operating channel(s) to be clear, it may transmit immediately.
· Observation slot is a period during which the operating channel is checked for the presence of present transmissions and it shall have duration greater than 9 us. Though the observation slot, per regulation requirements, is at least 9 µs, it was agreed that NR-U FBE devices will do CAT2 LBT which 25 µs which makes NR-U FBE devices are friendlier to the existing FBE devices from other technologies.
· The COT shall not be greater than 95 % of the Fixed Frame Period and shall be followed by an idle window until the start of the next FFP as shown in Figure 1 such that the idle window is at least 5 % of the COT, with a minimum of 100 µs. 
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[bookmark: _Ref21094614]Figure 1 Example of timing for FBE
One of the advantages of the FBE framework over load-based equipment (LBE) framework is that a device can access the channel only at the beginning of an FFP – this reduces the number of the channel access attempts by the device and, hence, reduces the amount of uncertainty related to when the device acquired the channel, although at the cost of fewer channel access opportunities. The gNB will typically acquire the channel and share it with its UEs. Similar to the agreements reached for LBE operation mode on using GC-PDCCH for channel occupancy indication, the gNB in FBE operation mode may indicate its channel occupancy as well. The UE may monitor this indication to identify opportunities where it can share the channel. The gNB may transmit the indication on specific resources relative to the FFP boundary; this avoids excessive monitoring of the indication and helps the UE to save power. 
For example, Figure 2 shows that channel acquisition indication is transmitted at the beginning of each FFP. In the first FFP, the channel occupancy time and frequency (CO) is used for both DL and UL transmissions from different UEs. Here CO sharing is not limited between a gNB and a single UE as in LBE. Also, a gNB may acquire the CO to primarily enable different UEs to transmit on the UL as shown in the second FFP in Figure 2.
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[bookmark: _Ref21352351]Figure 2 CO sharing using FBE framework

Observation1: Channel access indication in FBE can help UE to save power.

Proposal 1: LBE based channel access indication may be the starting point for a simplified channel access indication design for FBE.




To reap these benefits, UE may need to be aware of some information related to FBE such as the beginning of the FFP, its periodicity, CO duration, etc. These can be signalled by gNB.

Proposal 2: At least the start of the FFP and its periodicity should be signalled to a UE for operating in FBE mode.

The following RRC parameters to indicate the fixed frame period and its offset for FBE operation were endorsed via RAN1 #98b email discussion [5]. Based on the reached agreement in the last meeting and the endorsed RRC parameters, it is still “FFS if existing Rel-15 signalling” can be used for this purpose to avoid introducing new RRC parameters.

Table 1 RRC parameters related to FBE channel access procedures [5]
	Parameter Name

	(New) values

	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast /dedicated

	Description

	Configuration restriction (if any)

	Period
	FFS
	New
	Per Cell
	broadcast
	Added in semiStaticChanneAccessConfig-r16. The period of the semi-static channel access (i.e. FBE period). ESTI regulation allows 1ms to 10ms.
FFS if Rel.15 RRC configuration can be reused for this.
	

	Offset
	FFS
	New
	Per Cell
	broadcast
	Added in semiStaticChannelAccessConfig-r16. The offset of the semi-static channel access period (i.e. FBE period) with respect to the radio frame boundary. 
FFS if this needs to be explicitly indicated.
	



Several companies showed interest in using the periodicity “P” of the semi-static UL/DL configurations, i.e. the RRC parameter UL-TransmissionPeriodicity, which is provided in tdd-UL-DL-ConfigrationCommon, to provide the duration of the FFP as well. Specifically, the same RRC parameter determines both the periodicity of the semi-static UL/DL configurations and the FFP. From our view, decoupling the duration of FFP from the semi-static UL/DL configurations periodicity may provide more flexibility to the scheduler. To this purpose, new RRC parameters conveying the duration of the FFP and its offset is more desirable.  

Proposal 3: Introduce new RRC parameters to indicate the FFP duration and its offset.

Indicating additional information such as idle window or CO duration is also beneficial to avoid unnecessary monitoring or accidental UL transmission during the idle window. If we rely only on the framework of semi-static UL/DL configurations to determine all FBE parameters, one possible solution is to use flexible state to indicate the idle window as shown in Figure 3. Any configured periodic DL/UL transmission occasions with periodicity different than the period of the semi-static UL/DL configurations may fall within the idle window. If they are DL transmission occasions, then unnecessary power consumption occurs while monitoring those occasions that would not be used by gNB. Also, if any RS falls within idle window, then the collected measurements may be corrupted. On the other hand, if UL configured occasions falls within the idle window, then UE may apply inappropriate channel access procedure assuming this UL occasion falls within gNB COT. Therefore, we propose that information on CO duration or idle window duration should be indicated for efficient FBE operation.
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[bookmark: _Ref24042322]Figure 3 semi-static UL/DL configurations to determine all FBE parameters

Proposal 4: Idle window or CO duration should be signalled to the UE to avoid unnecessary monitoring or inappropriate UL transmission in the idle window.

In some situations, this information may not be available at a UE, i.e., its operation mode is unknown. For example, when a UE conducts initial access (RACH), the information about FBE operation mode may not be available to the UE. Therefore, this UE may conduct channel access procedure as LBE, not FBE. Once the information of the FBE operation mode is signalled to the UE, it may switch from LBE to FBE. Allowing UEs to operate in LBE operation mode while not aware of the operation mode is beneficial to reduce the latency and avoid waiting until the configurations of FBE operation mode are signalled by gNB. 

Proposal 5: Study the possibility of allowing UEs to operate as LBE when they are not aware of the operation at gNB without violating the regulation requirements. 

We also observe there is only a single type of channel access procedure being applied to acquire the channel in FBE framework, CAT2 LBT. On the other hand, for LBE in NR-U, multiple channel access procedures may be deployed depending on the priority class of the data. Besides, the CAT2 LBT similar to the one used in FBE which has no random back-off, there are additional two channel access procedures for NR-U LBE, namely, CAT3 LBT and CAT4 LBT [1]. In CAT3 LBT, the channel sensing is conducted with a contention window of fixed size. While in CAT4 LBT has random back-off with a contention window of variable size.  

Observation 2: Only single channel access procedure is available to initiate a CO in FBE framework operation.

One purpose of having multiple channel access procedures in LBE is to support different priorities for the intended transmissions. Specifically, the contention window size is chosen based on the priority of the intended transmission. The high priority transmission is associated with small contention window size such that it has higher chance to acquire the channel before other low priority transmission which should be associated with larger contention window size. In the present/default mode of operation and based on the channel access procedure described in ETSI regulation requirements [4], FBE does not support multiple channel access priority classes. Therefore, more enhancements for channel access procedures are needed to support data transmission with different priority classes.

Proposal 6: Study how to support different channel access priority classes in FBE framework.  

Conclusion
In this contribution, the following observations and proposals were made.

Observation1: Channel access indication in FBE can help UE to save power.

Proposal 1: LBE based channel access indication may be the starting point for a simplified channel access indication design for FBE.

Proposal 2: At least the start of the FFP and its periodicity should be signalled to a UE for operating in FBE mode.

Proposal 3: Introduce new RRC parameters to indicate the FFP duration and its offset.

Proposal 4: Idle window or CO duration should be signalled to the UE to avoid unnecessary monitoring or inappropriate UL transmission in the idle window.

[bookmark: _GoBack]Proposal 5: Study the possibility of allowing UEs to operate as LBE when they are not aware of the operation at gNB without violating the regulation requirements. 

Observation 2: Only single channel access procedure is available to initiate a CO in FBE framework operation.

Proposal 6: Study how to support different channel access priority classes in FBE framework.  
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