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Introduction
In RAN1#96bis, the following agreements were made [1].
	Agreement:
For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, support at least Alt. 1 among the following alternatives
· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.
· Alt. 2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 
· Decision on whether this alternative is supported will depend on feedback from RAN4
· FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed, based on feedback from RAN4
· Necessity of guard bands within the scheduled PUSCH should be determined by RAN4
· FFS: Whether this applies also to configured grant PUSCH
· FFS: Whether this applies also to PUCCH



In RAN2#105bis, the following agreements were made [1].
	Adopt a mechanism in MAC spec to handle the UL LBT failure, where “consistent” UL LBT failures (at least for UL transmissions of SR, RACH, PUSCH) are used for problem detection




In this paper, we further UL LBT failure based on the above agreements and provide our considerations.
UL LBT failure mechanism
RAN2 agreed a new mechanism on UL LBT failure will be introduced in MAC layer. Based on the WI, both DC mode and standalone mode will be supported for NR-U. In that case we believe UL LBT failure mechanism should be introduced for both MCG and SCG separately.
LBT indication from PHY
The first thing to be addressed is how to derive the LBT outcome indication. The following issues need to be discussed considering the NR-U use cases. We are going to discuss these issues one by one.
· Issue 1: Which cell(s) is (are) used to derive LBT outcome indication, SPcell or Scell? 
In Rel-15, the DL RLM is only performed on SpCell. The network can evaluate the Scell condition based on the decoding status of UL transmission or CSI report on PCell. Therefore the benefits on introducing DL RLM on SCells is not supported.
Based on the WI, CA mode will be supported for NR-U. In that case the question comes which cell(s) is (are) used to derive UL LBT outcome indication. The benefits on introducing of UL LBT outcome on SCells is unclear. We believe the UL LBT failure mechanism is performed on SpCell only as DL RLM.
Proposal 1: the UL LBT failure mechanism is only performed on SpCell.
· Issue 2: Which BWP(s) is (are) used to derive LBT outcome indication, active BWP or deactivated BWP?
RAN1 agreed LBT is performed in unit of LBT subband, i.e. 20MHz. For a serving cell, multiple BWPs with different frequencies ranges can be configured, and each BWP includes one or more LBT subbands. The question comes which BWP(s) is (are) used to derive LBT failure indication. LBT is applied before performing a UL transmission. For active BWP, it can perform UL transmission if there is a resource allocated to UE. Therefore it can be used to derive UL LBT outcome indication. However for deactivated BWP, there will be no UL transmission based on the current TS 38.321. Therefore, deactivated BWP should not be used to derive UL LBT outcome information. 
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· Issue 3: Which LBT subband(s) is (are) used to derive LBT outcome indication
In a BWP, it can have multiple LBT subbands which was agreed by RAN1. The network is allowed to allocate resource on any LBT subband. In that case the UE needs to know which LBT subband(s) is (are) used to derive UL LBT failure indication. We believe all subbands within an active BWP can be used to derive UL LBT outcome indication.
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· Issue 4: Which physical channel(s) and/or physical signal is (are) used to derive LBT outcome indication? Is this cell-level LBT outcome indication?
The uplink physical channels include PUSCH/PUCCH/PRACH while the uplink physical signal includes SRS. LBT is applied before performing uplink transmission on any physical channels or signals. Considering all resource are configured by network for uplink transmission, we believe all physical channels and signal can be used to derive the UL LBT outcome indication. 
Proposal 4: UL LBT failure mechanism is based on the all the uplink physical channels and signal.
· Issue 5: Which type of LBT is (are) used to derive LBT outcome indication, type 1 or type 2 and which LBT priority class is (are) used to derive LBT outcome indication if type 1 is used.
RAN1 agreed cat.4 LBT and cat.2 LBT are supported in NR-U. The benefits on not using UL failure of a type of LBT is unclear. We slightly prefer to all type of LBT can be used to derive UL LBT outcome indication.
Proposal 5: UL LBT failure mechanism is based on LBT result for all LBT types.
UL LBT is performed in L1. The question comes whether both UL LBT failure indication and UL LBT success indication shall be provided from L1 to MAC in order to initiate the corresponding procedure for UL LBT failure mechanism. We believe both LBT failure indication and LBT success indication should be indicated from L1 to MAC for handling of UL LBT failure mechanism. 
Proposal 6: Both UL LBT success indication and UL LBT failure indication shall be indicated from L1 to MAC.
A LS is needed to inform RAN1 on deriving of UL LBT outcome indication.
Proposal 7: LS to RAN1 on deriving of UL LBT outcome indication.
RLF declaration due to LBT failure
To enable fast link recovery, RLF can be declared when there is UL LBT problem due to consecutive UL LBT failures. The question comes how to detect a UL LBT problem and declare RLF due to problem of UL LBT failure indication. Two option are available.
· [bookmark: OLE_LINK24]Option 1: (RLC failure like) one counter is used, the RLF is declared when this counter reaches the maximum number configured. This counter should be reset when UL LBT success indication is received.
· Option 2: (RLM like) one counter and one timer are used, the RLF is declared when the timer expires. The timer is started when the counter reaches the maximum number configured. This counter should be reset when UL LBT success indication is received. This timer should be stopped when UL LBT success indication is received.
Proposal 8: RAN2 to down-select the following options for handling of UL failure due to LBT:
· Option 1: One counter is maintained. The counter is increased when LBT failure indication is received from PHY and reset to 0 when a LBT success indication is received.  RLF is declared when this counter reaches the configured threshold.
· Option 2: RLM-like mechanism is reused: When a configured number of consecutive LBT failure indications are received, start the timer. When the timer is running and a configured number of consecutive LBT success indications are received, stop the timer. When the timer expires, RLF is declared. 
Procedure after RLF due to LBT
In Rel-15, reestablishment procedures is initiated after the UE declares the MCG RLF due to DL RLM. SCG failure reporting procedure is initiated after the UE declares the SCG RLF due to DL RLM. In Rel-16, it will ve supported that MCG failure reporting procedure is initiated for fast MCG link recovery after the UE declares MCG RLF only. The MCG failure report is transmitted via SCG.
In NR-U, when consistent UL LBT failure is detected in the UE, it is clear that the channel condition for the UE is not good enough to continue and the UE should handle the deteriorated radio condition by itself. 
Proposal 9: For standalone NR-U, reestablishment procedure should be initiated when consistent UL LBT failure is detected.
According to the WID of NR-U, the following scenarios have been defined
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 
· NR-U SCell may have both DL and UL, or DL-only.
· In this scenario, NR PCell is connected to 5G-CN.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 
· Scenario C: Stand-alone NR-U
· In this scenario, NR-U is connected to 5G-CN.
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).
· In this scenario, NR-U is connected to 5G-CN.
· Scenario E: Dual connectivity between licensed band NR and NR-U. 
· In this scenario, PCell is connected to 5G-CN.
Hence, for the defined scenarios for dual connectivity, the cell group with the licensed band (can be either LTE band or NR band) serves as MCG and the cell group with the unlicensed band serves as SCG. 
Under this framework, we can easily follow the SCG failure procedure in R15 as the baseline: when consistent UL LBT failure is detected, SCG failure reporting procedure should be initiated.
Proposal 10: For UE configured with DC, SCG failure reporting procedure should be initiated when consistent UL LBT failure is detected.
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Based on the discussion we propose the following:
Proposal 1: UL LBT failure mechanism is only performed on SpCell.
Proposal 2: UL LBT failure mechanism can be only performed on active UL BWP.
Proposal 3: UL LBT failure mechanism can be performed on all LBT subbands of the active UL BWP。
Proposal 4: UL LBT failure mechanism is based on the all the uplink physical channels and signal.
Proposal 5: UL LBT failure mechanism is based on LBT result for all LBT types.
Proposal 6: Both UL LBT success indication and UL LBT failure indication shall be indicated from L1 to MAC.
[bookmark: _GoBack]Proposal 7: LS to RAN1 on the UL LBT failure indication.
Proposal 8: RAN2 to down-select the following options for handling of UL failure due to LBT:
· Option 1: One counter is maintained. The counter is increased when LBT failure indication is received from PHY and reset to 0 when a LBT success indication is received.  RLF is declared when this counter reaches the configured threshold.
· Option 2: RLM-like mechanism is reused: When a configured number of consecutive LBT failure indications are received, start the timer. When the timer is running and a configured number of consecutive LBT success indications are received, stop the timer. When the timer expires, RLF is declared. 
Proposal 9: For standalone NR-U, reestablishment procedure should be initiated when consistent UL LBT failure is detected.
Proposal 10: For UE configured with DC, SCG failure reporting procedure should be initiated when consistent UL LBT failure is detected.
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