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1 Introduction

This contribution discusses potential impacts of LBT to the current Power headroom reporting functionality. Since UE has to first gain access to the channel, i.e. successful CCA, before being able to transmit a TB, a gNB may not be aware of the time when UE made the PH value calculation, i.e. also referred to as PHR cut-off time, which in consequence can lead to a wrong interpretation of a received PHR MAC CE.  
2 Discussion

For LTE eLAA, autonomous uplink (AUL) transmissions can be enabled through a combination of RRC signalling and an activation message conveyed by a DCI in a physical control channel. The RRC configuration includes subframes in which the UE is allowed to transmit autonomously, as well as eligible HARQ process IDs. The activation message includes the resource block assignment (RBA) and MCS, from which the UE is able to determine the transport block size for any AUL transmission.

It is possible to autonomously retransmit data pertaining to a transport block that has not been received correctly by the eNB. For this purpose, the UE monitors downlink feedback information (AUL-DFI), which can be transmitted by the eNB and includes HARQ-ACK information for the AUL-enabled HARQ process IDs. In case the UE detects a NACK message, it may try to autonomously access the channel for a retransmission of the same transport block in the corresponding HARQ process. As a safe-guard against errors, an autonomous uplink transmission includes at least the HARQ process ID and a new data indicator (NDI) accompanying the PUSCH, i.e. AUL-UCI.

When Autonomous uplink (AUL) for unlicensed access in NR (NR-U) is used, e.g. UE transmitting on configured grant resources, the gNB might not be able to determine when an UL transmission/TB was initially generated due to potential LBT failures. Such lack of knowledge may have in particular for the power headroom reporting functionality some negative impact, since the PH information conveyed in the TB might not reflect the power status of the mobile at the time of transmission. This may as a consequence lead to some inefficient future UL scheduling decisions by the gNB. 

Observation 1: due to LBT failures gNB may not be aware of the first transmission attempt of a TB for AUL transmissions

The problem is even more pronounced for the SUL case, i.e. UE is configured with two UL carriers for a serving cell, since gNB needs to know when the PHR was generated in order to determine the PHR type conveyed in the PHR MAC CE, i.e. whether type 1 or type 3 PHR is reported in PHR MAC CE. According to a recent RAN1 agreement for PHR reporting, UE reports type-1 or type-3 PH depending on whether UE determined a real or virtual PH for the two carriers [1].  
	If a UE is configured with two UL carriers for a serving cell and if the UE reports a UE capability simultaneousTxSUL-NonSUL for the serving cell, and if the UE determines that Type 1 power headroom report for the serving cell is based on a reference PUSCH transmission and Type 3 power headroom report for the serving cell is based on a reference SRS transmission, the UE provides the Type-1 PHR.
If a UE is configured with two UL carriers for a serving cell and if the UE reports a UE capability simultaneousTxSUL-NonSUL for the serving cell, and if the UE determines that a power headroom for only one of the two UL carriers of the serving cell is based on an actual transmission, the UE provides a Type-1 PHR when the actual transmission is a PUSCH transmission, or provides a Type-3 PHR when the actual transmission is an SRS transmission.
FFS: Whether the above also applies for the case UE doesn’t report a UE capability simultaneousTxSUL-NonSUL for the serving cell. This aspect will be finalized in RAN1#95.


Hence the gNB needs to be aware of which DCI(s)/CGs are considered for the PH determination in order to be able to determine the type of the reported PH. 

Observation 2: In order to determine the correct PHR type of a reported PH value, gNB needs to be aware of the first transmission attempt of a TB including a PHR MAC CE respectively the time when PH was calculated.
Different solutions which are discussed in the following can be considered in order to address the identified problem. 
· Option 1: 

· UE signals together with a TB including a PHR MAC CE some information indicating whether the TB was transmitted at the first transmission occasion (successful CCA) or due to an unsuccessful CCA at a later transmission occasion (optionally the offset to the first transmission occasion could be included). 
· Option 2: 

· UE always reports a predefined PHR type, e.g. type-1 PHR, for a serving cell configured with two carriers for cases when the PHR MAC CE is transmitted on a configured grant PUSCH. 

In the first option the timing information signaled together with the PUSCH (carrying the PHR MAC CE) allows the scheduler to interpret a received PHR MAC CE correctly and hence to base its future scheduling/link adaption on correct information. The timing information itself can be e.g. signaled within the UCI on PUSCH. UCI may for example carry HARQ process ID, NDI, RVID. 
For the second option gNB doesn’t need to be aware of the time when PHR was computed, since a predefined fixed PHR type is always reported for the case that PHR is reported on a configured grant resource. The benefit of this option would be that no additional signaling, e.g. UCI is required, though at the expense of potentially reporting a less optimal PHR type in certain cases. We prefer Option 2 since in our view the benefits of this options outweigh the potential drawback of reporting a non-optimal PHR type.   

Proposal1: UE always reports a predefined PHR type, e.g. type-1 PHR, for a serving cell configured with two carriers for cases when the PHR MAC CE is transmitted on a configured grant PUSCH. 
3 Conclusion
This contribution discusses the impacts of LBT for the power headroom functionality in NR-U. It is proposed to agree on the following:
Observation 1: due to LBT failures gNB may not be aware of the first transmission attempt of a TB for AUL transmissions
Observation 2: In order to determine the correct PHR type of a reported PH value, gNB needs to be aware of the first transmission attempt of a TB including a PHR MAC CE respectively the time when PH was calculated.
Proposal1: UE always reports a predefined PHR type, e.g. type-1 PHR, for a serving cell configured with two carriers for cases when the PHR MAC CE is transmitted on a configured grant PUSCH. 
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