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1 Introduction
RAN2 has discussed PHR in #69bis Beijing and following issues were left open:
	Open issues on PHR reporting:

1) Is there a need to allow the network to configure the need for PHR per UL CC ?
2) PHR sent only on the concerning UL CC, or can also be sent on other UL CC ?

3) One set of PHR timers per UE, or different timers per UL CC


Beside above three issues, there are at least following open issues:
4) What is the reference DL for pathloss evaluation?
5) Should power scaling trigger PHR?
In this contribution we address in more details regarding these open issues and hope to make progress.
2 Power headroom reporting
The main purpose of power headroom reports is to provide information to the eNB on how close the UE is operating to its maximum transmission power capabilities. This information is needed for packet scheduling and link adaptation. For example, being aware of the fact that a UE is operating at its maximum transmission power, the eNB can also know that allocating more physical resource blocks to that UE will results in a drop of its experienced SINR. In carrier aggregation, if there is more than one UL CC, individual power headroom reporting is necessary. In RAN1 #59bis, it was agreed that PHR shall be reported per CC. Also, it was agreed that both CC-specific and UE-specific maximum power will be defined [1].
PHR configuration
The main purpose of per CC configuration is to save resource and complexity, since for cases, eNB can derive enough information from the PHR on one CC and does not need multiple PHRs. However, different MPR/A-MPR [2] may apply to different CC, so the Pcmax is not the same for different UL CC. This power reduction is unknown at eNB. Per CC configuration also requires eNB to have some knowledge on UE RF implementation. 

Assuming a PHR is only transmitted on concerned UL CC, it is only generated when there is transmission on the UL CC, the resource saved by per CC configuration is not much. If there are multiple UL CCs, per CC configuration could probably only not configured PHR on 1 CC per band, the complexity saved by per CC configuration is also not much. 
Although the enhancement of per CC configuration is insignificant, in 2.2 we have identified the need for per CC configuration for PHR. Therefore, it is proposed to agree that per CC configuration as the baseline. Whether PHR is configured or not is left to network decision and is explicit signaled to a UE.
Proposal 1
PHR configuration is per CC.
There are three parameter, periodicPHR-Timer, prohibitPHR-Timer, and dl-PathlossChange, should be signaled to a UE to enable PHR. Since the idea is to report CC-specific PHR and each CC may be scheduled at different time, each CC has to maintain its own timers and pathloss evaluation, therefore, we agree with [3], common configuration seems merely an signaling optimization. Moreover, RAN1 has been discussing on the possibility of a pathloss offset, so different value of dl-PathlossChange may be used for each UL CC. 
Proposal 2
Each CC maintains its own PHR timers. Each CC is signaled with a set of PHR parameters, including periodicPHR-Timer, prohibitPHR-Timer, and dl-PathlossChange.
Proposal 2a
When a SCC is deactivated, PHR timers are disabled.
For inter-band CC aggregation, common DL CC for pathloss evaluation does not seem efficient or even feasible. [4] has pointed out that the error may as big as 12% for inter-band carrier aggregation of Band 1 (2110-2170 MHz) and Band 5 (824-849MHz). It is proposed to discuss whether such level of error for common reference is acceptable or not (probably need input from RAN1/4). If one reference CC per band gives better pathloss evaluation, it is FFS whether the reference DL CC for each UL CC should be explicitly signaled to a UE or left to UE decision. 

We think the simplest solution is to agree on different pathloss reference DL CC should be used for each band and leave the selection of reference to UE. Therefore, for each UL CC, UE autonomously selects a DL CC within the same Band for pathloss evaluation. With this clarification, we see little standardization overhead.

Proposal 3
The DL pathloss reference for a UL CC should be a DL CC within the same band. The selection is left to UE decision.

PHR Inclusion

For PHR inclusion, there are two options on the table [3-6], the pros and cons of the two options are listed in Table1.
Option 1: PHR only maps to the TB of the corresponding CC
Option 2: If there is no grant on corresponding CC, PHR can be mapped to TB on other CCs

	
	Option 1
	Option 2

	Standardization overhead
	Reuse Re-8/9 mechanism. 
Simple and seems enough.
	New PHR format is needed. 
Also relaxation is needed on the trigger mechanism.

	Delay
	Same as Rel-8/9.
	Could be improved.

	Complexity
	Same as Rel-8/9.
	Extra complexity.


Table 1
Option 2 indeed could improve the delay of PHR, however, the improvement seems marginal. We also think if eNB is interested in getting PHR for a UL CC, it should have no problem to schedule a UL grant on that CC. So delay is not really a big concern. Although the complexity introduced by option 2 seems also marginal, we think there is not enough motivation to consider such enhancement. Therefore, it is proposed to adopt option 1.
Proposal 4
PHR for a UL CC is only included in the TB of the UL CC.
New PHR
PHR related to UE specific maximum transmission power
RAN1 has agreed that both CC-specific and UE-specific maximum transmission power should be defined. Once UE-specific maximum transmission power is defined, we see three options:
Option1: Reuse Rel-8/9 mechanism, only PH related to CC-specific maximum transmission power is reported.
Option 2: Reuse Rel-8/9 mechanism with additional generalization. Depending on conditions, either PH related to CC-specific or UE-specific maximum transmission power is reported.
Option 3: A new PHR mechanism to independently report PH related to UE-specific maximum transmission power.
The advantage of different power headroom reporting is to allow eNB to know how much power the UE has left for transmission on the corresponding CC. PHR related to UE-specific mechanism could be useful for eNB when PHR related to CC-specific maximum transmission power says that there is power left but in fact the total transmission power already approaching the UE-specific maximum transmission power, this is especially necessary for single-PA architecture, for which all CCs share the same power resource.
Power limit notification
In [7], scaling factor was discussed to scale down the transmission power for all PUSCH to make the total transmit power falls below the maximum UE transmit power. This proposal revealed the possibility that eNB may require total transmission power higher than the maximum UE transmit power. When such case happens, scaling factor is an option to solve the problem right away. However, this scaling is mainly UE implementation and eNB has no clue on such scaling.
Since the power is reduced for an UL CC, it may not satisfy the need for the MCS required by eNB. The equally important thing is to inform eNB that the total transmission power has reached the maximum UE transmit power, e.g. a UE notifies the eNB that the total transmission power is approaching the maximum or scaling down has happened. This information helps eNB to set a proper MCS, to allocate proper physical resource blocks to a UE on each UL CC, or even to deactivate some CCs. Such notification could be included in the PHR mechanism or be added independently. We prepared another contribution [8] to address the power control issues in carrier aggregation.
Proposal 5
It is proposed to discuss the new PHR related to
1. PHR related to UE specific maximum transmission power

2. Power limit notification
3 Conclusion
This paper has discusses open issues of PHR in CA. Following proposals were made to progress the discussion in RAN2:
Proposal 1
PHR configuration is per CC.
Proposal 2
Each CC maintains its own PHR timers. Each CC is signaled with a set of PHR parameters, including periodicPHR-Timer, prohibitPHR-Timer, and dl-PathlossChange.

Proposal 2a
When a SCC is deactivated, PHR timers are disabled.
Proposal 3
The DL pathloss reference for a UL CC should be a DL CC within the same band. The selection is left to UE decision.
Proposal 4
PHR for a UL CC is only included in the TB of the UL CC.
Proposal 5
It is proposed to discuss the new PHR related to

1. PHR related to UE specific maximum transmission power

2. Power limit notification
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