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Discussion and Decision
1. Introduction 
In RAN2#107 meeting[1], RAN2 made the following consensus regarding UL LBT failures:
· L2 LBT failure mechanism takes into account any LBT failure regardless UL transmission type. 

· The UL LBT failure mechanism will have the same recovery mechanism for all failures regardless UL transmission type

· UL LBT failures are detected per BWP

· The UE will report the occurrence of consistent UL LBT failures on PSCell and SCells. The assumption is to reuse SCell failure reporting for BF

Baseline Mechanism, further enhancements not precluded: 

· A “threshold” for the maximum number of LBT failures which triggers the “consistent” LBT failure event will be used. 

· Both a timer and a counter are introduced, the counter is reset when timer expires and incremented when UL LBT failure happens

· The timer is started/restarted when UL LBT failure occur. 

In RAN2#107bis meeting[2], further agreements on recovery from the UL LBT failures have been made:
Agreements:

1. MAC relies on reception of a notification of UL LBT failure from the physical layer to detect a consistent UL LBT failure.  
2. The UE switches to another BWP and initiates RACH upon declaration of consistent LBT failure on PCell or PSCell if there is another BWP with configured RACH resources.    

3. The UE shall perform RLF recovery if the consistent UL LBT failure was detected on the PCell and UL LBT failure was detected on “N” possible BWP.   “ 

4. When consistent uplink LBT failures are detected on the PSCell, the UE informs MN via the SCG failure information procedure after detecting a consistent UL LBT failure on “N” BWPs.   

5. “N” is the number of configured BWPs with configured PRACH resources.   If N is larger than one it is up to the UE implementation which BWP the UE selects.  

6. When consistent uplink LBT failures are detected on an SCell, a new MAC CE to report this to the node where SCell belongs to is used.  FFS whether the MAC CE can be used to report failure on PCell

In this contribution, we discuss additional enhancement of baseline mechanism for detection of UL LBT failures and support of wideband operations for managing UL LBT failures per sub-band.
2. Discussion

RAN2 have made the basic agreements about handling UL LBT failures in previous meetings. The UL LBT failures are detected per BWP and the UE switches to another BWP after the detection. Though it’s possible that a BWP consists of several sub-bands, there was no agreements support of wideband operations.

Support of wideband operations in a BWP

The sub-band is a basic unit in which UE can perform LBT trials per a 20MHz frequency band in unlicensed spectrum. The Wi-Fi wireless system is a representative standard widely used in the unlicensed frequency spectrum and performs wireless accesses in units of 20 MHz frequency. If UE experiences interference from neighbouring UEs that access a sub-band, its LBT trials fails in the sub-band. If a BWP is configured over a sub-band, the detection of UL LBT failures is performed per sub-band and UE may switches to another BWP.
Observation 1) LBT trial is performed in a sub-band unit of 20MHz frequency. The UE may use a sub-band in which LBT trial succeeds.
A BWP are configured over multiple sub-bands. UE can try multiple LBT trials over multiple sub-bands and some LBT trials of them may be successful. UE can perform UL access using the successful sub-bands. In case that LBT failures occur continuously due to interference from neighboring UEs in the sub-band, the UE cannot use the corresponding sub-band. The figure below shows an example of continuous LBT failures at sub-band2 out of three sub-bands in the BWP. In the sub-band2 the UE may have LBT failures during the heavy-loaded states 
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Observation 2) If the BWP is configured over multiple sub-bands, the UE may use sub-bands in which successful LBTs occur only.

Proposal 1) RAN2 is required to support wideband operation in a BWP configured over multiple sub-bands and handle LBT failures occurring in the BWP.
When a MN allocates radio resources over multiple sub-bands to a UE, The UE may use the sub-bands in which LBT trials succeed. The UE cannot transmit data in the sub-bands in which LBT trials has failed. Since the MN receives data over sub-bands that the UE sends data with LBT successes, the MN has no information of the sub-bands in which LBT trials has failed. Accordingly, the MN performs resource allocation using the sub-bands in the BWP when allocating uplink resources for the UE. The MN performs scheduling for sub-bands including the sub-bands of heavy-loaded state and allocates radio resources to the UE. Since sub-bands with high interference can be allocated, the UE may not transmit any signal in these sub-bands due to LBT failures. As a result, the opportunity for another UE to use these sub-bands disappears.
Observation 3) If the UE does not transmit the sub-band information of heavy-loaded state, the resource utilization of the sub-bands may be reduced.
This contribution enhances the method for managing the BWP of multiple sub-bands and introduces the process of detecting LBT failures in sub-band units. When consistent LBT failures in the sub-band are declared due to consistent interference, the sub-band is deactivated for a certain period and the UE reports its information to the MN. The UE reports the deactivated sub-band to the base station, and the MN does not allocate it to the UE in the process of resource allocation. Handling LBT failures per sub-band increases the complexity of the procedure. However, this sub-band deactivation process causes the MN to efficiently use the sub-band resources. In order to minimize the increase in complexity, the LBT failure indication reported in the LBT failure detection procedure is reused. The PHY layer reports sub-band information to the MAC in the LBT failure indication, and the MAC layer manages the LBT failures information in sub-band.

Observation 4) If the PHY reports LBT failures with sub-band information, the MAC can manage LBT failures per sub-band.

Proposal 2) The PHY reports the LBT failure indication together with the sub-band index for support of wideband operation.

Proposal 3) The UE detects LBT failures in the sub-band of heavy load state and may request sub-band deactivation by reporting the sub-band index to the MN.
Proposal 4) If the UE can use some bands of configured sub-bands only, it may switch to another BWP. FFS for the switching threshold to another BWP.

Proposal 5) The sub-band management is initialized when BWP switching occurs.

3. Conclusion
Observation 1) LBT trial is performed in a sub-band unit of 20MHz frequency. The UE may use a sub-band in which LBT trial succeeds.
Observation 2) If the BWP is configured over multiple sub-bands, the UE may use sub-bands in which successful LBTs occur only.

Observation 3) If the UE does not transmit the sub-band information of heavy-loaded state, the resource utilization of the sub-bands may be reduced.

Observation 4) If the PHY reports LBT failures with sub-band information, the MAC can manage LBT failures per sub-band.

Based on the discussion in Section 2, we propose the following:

Proposal 1) RAN2 is required to support wideband operation in a BWP configured over multiple sub-bands and handle LBT failures occurring in the BWP.
Proposal 2) The PHY reports the LBT failure indication together with the sub-band index for support of wideband operation.

Proposal 3) The UE detects LBT failures in the sub-band of heavy load state and may request sub-band deactivation by reporting the sub-band index to the MN.

Proposal 4) If the UE can use some bands of configured sub-bands only, it may switch to another BWP. FFS for the switching threshold to another BWP.

Proposal 5) The sub-band management is initialized when BWP switching occurs.
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