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1 Introduction
In RAN2 NR AH#2[1] and RAN2#98[2] meetings, RAN2 made following agreements related to PDCP duplication with CA. 
RAN2 NR AH#2 agreements
1. FFS in CA, as a baseline RLF is not triggered when reaching the maximum number of retransmission for a PDCP duplicate.
RAN2#98 agreements
1. RLC reports maxNumberofRLC retransmissions are reached to RRC.
2. For a logical channel restricted to one or multiple SCell(s) (i.e. logical channel configured for duplication) UE reports the failure to the gNB (e.g. SCell-RLF) but no RRC re-establishment happens
In RAN2#99bis[3] meeting, RAN2 made following agreements related to a power headroom reporting.
RAN2#99bis agreements 

1. The power headroom information will still be carried in MAC CE.  

2. Virtual and real PHR type 1 and Type 2 are supported.
3. At least PHR trigger conditions defined in LTE should be reused in NR.
In this contribution, we discuss the power headroom reporting in PDCP duplication with CA. In particular, we discuss how to configure the PHR in situations where a SCell-RLF occurs.
2 Discussion
According to the RAN2 agreements, a SCell-RLF is triggered when reaching the maximum number of retransmissions for the PDCP duplication associated to a SCell. It does not perform the RRC connection re-establishment, but it should be reported to the gNB. The UE behaviour associated with the SCell-RLF processing is feasible because the RRC connection is still valid. 
In RRC CONNECTED mode, the UE can report the power headroom information using the PHR procedure. The power headroom reporting procedure is used to provide the serving gNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on SpCell and PUCCH SCell.
In NR, the power headroom report is triggered if any of the following events occur:
-
phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;

-
phr-PeriodicTimer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function;

-
activation of an SCell of any MAC entity with configured uplink;
-
addition of the PSCell;
-
phr-ProhibitTimer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true in this NR-UNIT for any of the activated Serving Cells of any MAC entity with configured uplink: 

-
there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101 [10]) for this cell has changed more than phr-Tx-PowerFactorChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.

Therefore, when any of these events occur, the power headroom reporting in RRC CONNECTED mode UE may be triggered even if the SCell-RLF occurs. But if the gNB does not know the occurrence of the SCell-RLF, or if the gNB know the occurrence of the SCell-RLF but does not handle the SCell where the SCell-RLF has occurred, the UE behaviour may be unclear. In other words, when the PHR is triggered and the SCell with the SCell-RLF is active, the UE may not know how to address the PHR for the SCell where the SCell-RLF occurs. 
There may be a concern about how the SCell with the SCell-RLF is activated in situations where the PHR is triggered. How to handle the SCell with SCell-RLF has not yet been discussed, but we can assume that the SCell-RLF report procedure can be same as LTE SCG-RLF procedure. According to the LTE SCG-RLF report procedure, upon indication from SCG RLC that the maximum number of retransmissions has been reached for an SCG, the UE initiate the SCG failure information procedure to report the SCG radio link failure. And then, the UE set the SCGFailureinformation message, initiate the transmission of that message, and submit the SCGFailureInformation message to lower layers for transmission. It may take some time. Therefore, it may be possible that the SCell with SCell-RLF is active.
Now we can consider the following situations for the SCell where the SCell-RLF occurs.

It is assumed that the CA is supported and CC1, CC2, and CC3 are activated. Also, it is assumed that CC1 and CC2 are configured for PDCP duplication. If the PHR is triggered by the triggering conditions (e.g. periodicPHR-Timer expires), the UE may transmit the ePHR in the scheduled subframe of the uplink transmission (e.g. CC1). However, at this time, if the SCell-RLF occurs in CC2, the UE may not know how to obtain the PH for that SCell and how to generate the PHR. In other words, it is unclear whether the UE should acquire the PH value or consider that the CC2 is deactivated and not to obtain the PH value.
According to the legacy LTE PHR procedure, in carrier aggregation, the UE can obtain the value of the PH for each activated serving cell with configured uplink and generate the ePHR MAC CE. If the UE has UL resources allocated for transmission on this serving cell for this TTI, the UE can obtain the actual PH. Else if the UE does not have UL resource allocated for transmission on this serving cell for this TTI, the UE can obtain the virtual PH. 

However, it may be unnecessary for the UE to obtain the PH value for the SCell in which the SCell-RLF occurs because the UE will not perform uplink transmission. Therefore, the gNB does not need to receive the power headroom information for that cell. 
SCell with SCell-RLF can be configured in two cases.
· The UE has the uplink resource in CC2 (e.g. grant free/SPS resource or dedicated UL grant before occurring SCell-RLF)

It may be possible in these cases. For example, before the SCell-RLF occurs, the UE may receive UL grant if the downlink radio link is relatively better than the uplink. Or a grant free/SPS resource may be configured to the SCell.
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Figure 1. Power headroom reporting when SCell-RLF occurs (case 1)
· The UE doesn’t have the uplink resource in CC2
There was no uplink data to transmit or the UL grant could not be received due to the bad radio link condition.
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Figure 2. Power headroom reporting when SCell-RLF occurs (case 2)
Therefore, we should consider this issue, and define the UE behaviour for the PHR configuration depending on the SCell configuration where the SCell-RLF occurs.
Proposal 1: RAN2 should define the UE behaviour for the PHR configuration in the situation where the SCell-RLF occurs.
In this case, the UE behaviour may be one of the four options we propose. 

Option 1: The UE can obtain the PH depending on whether the UE has uplink transmission resources regardless of SCell-RLF occurrence.
· If the UE has the uplink resource (e.g. SPS/grant free resource or dedicated UL grant before occurring SCell-RLF), the UE can obtain the actual PH value regardless of the occurrence of the SCell-RLF.

· If the UE doesn’t have the uplink resource, the UE can obtain the virtual PH value.
But it is unnecessary information because the UE will not perform the uplink transmission.
Option 2: The UE can obtain the virtual PH for the SCell where the SCell-RLF occurs.
· Even if the UE has the uplink resource (e.g. SPS/grant free resource or dedicated UL grant before occurring the SCell-RLF), the UE may know that it doesn’t perform uplink transmission. So it may be reasonable to assume that there is no UL resource and obtain the virtual PH. 
Option 3: The UE can consider the SCell is deactivated. So the UE does not need to obtain the PH for the SCell where the SCell-RLF occurs.

· When the SCell-RLF occurs, the UE can determine that the SCell is deactivated without an indication from the gNB. Therefore, the UE may not have to obtain the PH value and may configure the ePHR MAC CE without the SCell.
Option 4: The UE can cancel the triggered PHR and re-trigger the PHR after the SCell is reconfigured.
· When the SCell-RLF occurs, the radio link quality may be not good and the PH information may be incorrect. So it may be reasonable that the UE cancel the triggered PHR and then the UE transmit the PHR after the SCell is reconfigured.
We slightly prefer option 3 and 4 in that it can exclude the unnecessary information because the PH information may be incorrect due to the bad radio condition.
But we can consider other options as well.

Proposal 2: RAN2 should further discuss for the four options for PHR configuration.

Option 1: The UE can obtain the PH depending on whether the UE has uplink transmission resources regardless 
of SCell-RLF occurrence.

Option 2: The UE can obtain the virtual PH for the SCell where the SCell-RLF occurs.


Option 3: The UE can consider the SCell is deactivated. So the UE don’t have to obtain the PH for the SCell in 

which the SCell-RLF occurred.


Option 4: The UE can cancel the triggered PHR and trigger the PHR after the SCell is reconfigured.
3 Conclusion

In this contribution, we provide our view on PHR configuration in PDCP duplication with CA. Based on the discussion, the following proposal is drawn:
Proposal 1: RAN2 should define the UE behaviour for the PHR configuration in the situation where the SCell-RLF occurs.
Proposal 2: RAN2 should further discuss for the four options for PHR configuration.

Option 1: The UE can obtain the PH depending on whether the UE has uplink transmission resources regardless 
of SCell-RLF occurrence.

Option 2: The UE can obtain the virtual PH for the SCell in which the SCell-RLF occurred.


Option 3: The UE can consider the SCell is deactivated. So the UE don’t have to obtain the PH for the SCell 

where the SCell-RLF occurs. 

Option 4: The UE can cancel the triggered PHR and trigger the PHR after the SCell is reconfigured.
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