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1 Introduction

This contribution discusses the impact of systematic UL LBT failures to the uplink transmission procedures. In particular the impact to transmissions on configured grant resources are in further detail looked at. Since UE has to first gain access to the channel, i.e. successful CCA, before being able to transmit a TB on a CG resource, a UE might generate a large number of TB(s) which may ultimately get stuck on a congested NR-U cell for transmission. As a consequence the reordering delay at the receiving side may be significantly increased.  
2 Discussion

In NR, MAC indicates a RACH problem to the RRC layer when the maximum number of PRACH transmissions has been reached. As a consequence RLF is triggered. Apart from RACH failure UE triggers RLF in case of PHY indicating Radio Link problems (T310) and when reaching the maximum number of RLC transmissions. 
Since for NR-U, it is under discussion to not increment some MAC counters for UL procedures, e.g. SR/RACH, in cases of UL LBT failure, some separate mechanism to identify UL congestion problems and consequently to perform some corresponding actions, e.g. trigger RLF, is required. Otherwise consistent LBT failures may lead to unacceptable delays in e.g. declaring RLF, and in some extreme cases, even create deadlock situations. The aim of this new mechanism is to address consistent channel unavailability on the Uplink, which is a common issue for all uplink procedures and signals. In particular consistent UL LBT failures experienced for UE-initiated UL transmissions, i.e. AUL transmission, may not be detectable and cause unacceptable delays, if there wouldn’t be a separate mechanism which addresses consistent channel unavailability for all uplink channels.
Proposal 1: A separate mechanism to detect consistent UL LBT failures should be introduced.
The UE behavior upon detection of systematic LBT failures need to be further discussed. Some companies are proposing to immediately trigger RLF in the UE. However since an UL LBT failure only concerns the sub-channels it listened to and the serving cell could have much wider bandwidth, it should be discussed upon detection of systematic UL LBT failure, whether the UE should directly trigger RLF or perform some other actions since a re-establishment would cause interruption and overhead for reconfigurations. A further question would be whether UE should inform the gNB early about consistent UL LBT failures, so that gNB could take countermeasures, e.g. move the UE to some other BWP/serving cell. 
Proposal 2: RAN2 to discuss the UE actions upon detection of systematic UL LBT problems.
When discussing the UE actions upon detecting systematic UL LBT failures, we should first understand the consequences of consistent LBT failures to the L2 procedures. So far the impact analysis of LBT failures was mainly focused on RACH and SR procedures. However in general for unlicensed cells experiencing systematic LBT failures, i.e. high congestion, there will be some negative impact on Layer 2 uplink procedures like Logical channel prioritization (LCP) procedure respectively UL transmission procedure. TBs are generated for transmission on an unlicensed cell even though the actual transmission on PHY may not occur due to a high number of unsuccessful CCA. In particular for uplink transmissions on configured grant resources, i.e. UE initiated UL transmissions, consistent UL LBT failures will lead to large reordering delays. For UL transmissions on configured grant resources, UE autonomously decides when to transmit a Transport Block, i.e. upon arrival of uplink data in the buffer. If UE continues using a NR-U cell for uplink transmissions irrespective of the high LBT failure rate, UE would persist to generate TB(s) for CG transmissions, which may ultimately get stuck on that congested NR-U cell for transmission. This will in turn lead to an increased reordering delay at the receiving side. Therefore we think that UE should refrain from generating TB(s) for transmission on CG resources on that cell. In general we think that UE should abstain from using configured grant resources in situations where there is a high UL LBR failure rate. It would be beneficial if UE temporarily deactivates a configured grant for cells experiencing a consistent high UL LBT failure rate. On the other hand we think that it would make sense that the UE still follows dynamically scheduled UL transmission also in situation where the cell is highly loaded, as this would allow gNB detecting such situations.  

Proposal 3: UE temporarily deactivates a configured grant for cells experiencing a consistent high UL LBT failure rate.    
Similarly to the AUL transmissions, i.e. transmissions on configured grant resources, UE should also consider the congestion level of a NR-U cell for the routing of PDCP packets to the associated RLC entities for a UL split bearer. For example when one of the RLC entities of a split bearer is configured for a NR-U cell which experiences a high congestion, e.g. high LBT failure rate, the UE should rather route the PDCP PDUs to the other RLC entity in order to avoid situations where packets the get stuck in one link due to high LBT failure rates which in consequence lead to large reordering delays.

Proposal 4: UL failure rate should be considered for the routing of PDCP packets for UL split bearer operation.
3 Conclusion
This contribution discusses the impacts of systematic UL LBT failures to the uplink transmission procedure in NR-U. It is proposed to agree on the following:
Proposal 1: A separate mechanism to detect consistent UL LBT failures should be introduced.
Proposal 2: RAN2 to discuss the UE actions upon detection of systematic UL LBT problems.
Proposal 3: UE temporarily deactivates a configured grant for cells experiencing a consistent high UL LBT failure rate. 
Proposal 4: UL failure rate should be considered for the routing of PDCP packets for UL split bearer operation.
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