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1 Introduction

It has been agreed in RAN1 that per-CC PHR is supported in Carrier Aggregation. As for RAN2, the topic of PHR for CA was discussed for the first time during RAN2#69bis in [1][2][3], and several open issues were raised. In this contribution, we express our understanding on PHR for CA on the remaining open issues.  
2 Discussion
2.1 Is there a need to allow the network to configure the need for PHR per UL CC?
First open issue we would like to discuss is whether there is a need to allow the network to configure the need for PHR per UL CC. In R8/9, power headroom is the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission. It has been agreed in RAN1 that there is a CC-specific max power signalled by the network. In RAN1#60bis, the priority order which is PUCCH > PUSCH with UCI > PUSCH without UCI, was decided as a rule to scale the power of the channels when the UE transmit power is limited. Different CCs may carry different physical channels, such as the UL PCC may transmit PUCCH and PUSCH simultaneously, some SCCs may carry PUSCH with UCI and some others may carry PUSCH without UCI. As different CCs may have different CC-specific max power and carry different physical channels, the power scaling performed by UE on each CC may result in different PHR among the configured UL CCs. Furthermore, the power control for PUSCH on different UL CCs is performed independently. Due to the inevitable TPC errors on different UL CCs, we believe the estimation of PHR on one UL CC based on the PHR on another CC may not be accurate enough. On the other hand, if the configuration on the need for PHR per UL CC is supported, UE has to decide on which UL CC the PHR is enabled according to the RRC message, and additional complexity in UE implementation is expected. Therefore we propose there’s no need to allow the network to configure the need for PHR per UL CC. 
Proposal 1: There is no need to allow the network to configure the need for PHR per UL CC.
2.2 Different timers per UL CC or one set of PHR timers per UE?
The second open issue addressed here is related to the PHR timers configuration. It seems that two alternatives of PHR timers configuration can be recognized for CA, namely different timers per UL CC and one set of PHR timers per UE. 
2.2.1 Different timers per UL CC:
In this alternative, each UL CC maintains its own prohibitPHR-Timer and periodicPHR-Timer operation, and the timers belongs to different UL CCs operate independently without affecting the timers maintained by other UL CCs. The PHR parameters configuration is CC-specific, so the PHR parameters can be same or different among different UL CCs. For this alternative, the PHR triggering and reporting procedures of all CCs are totally independent. The PHR of a specific UL CC can only be transmitted on the concerning UL CC when that CC has UL grant for new transmission. One example is illustrated in Figure 1; assuming R8/9 PHR triggering and reporting procedures are reused.
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Figure 1 Different timers per UL CC
2.2.2 One set of PHR timers per UE:  

In this alternative, the UE maintains only one prohibitPHR-Timer and one periodicPHR-Timer, which is the main difference comparing to the previous alternative. The PHR parameters configuration is UE-specific, so the PHR parameters are same among different UL CCs. One example is illustrated in Figure 2; assuming only one specific DL CC is used for path loss derivation. 
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Figure 2 One set of PHR timers per UE
The comparisons of the two alternatives are listed in the table below:
	
	Different timers per UL CC
	One set of PHR timers per UE

	PHR parameter configuration
	CC-specific
	UE-specific

	PHR operation
	CC-specific
	UE-specific

	Configuration message size
	Large, additional IEs are needed for multi-carriers
	Small, same as Rel-8

	Configuration complexity
	Additional complexity in UE implementation is expected
	Easy, same as Rel-8

	PHR operation complexity
	UE needs to maintain timers and control the PHR operation for each CC. Additional complexity in UE implementation is expected.
	Easy, same as Rel-8


Table 1 Comparisons between Different timers per UL CC and One set of PHR timers per UE
With only intra-band aggregation for UL will be supported for UL in Rel-10, and maybe only one specific DL CC will be used for path loss derivation, we see no strong motivation for configuring different timers per UL CC. Therefore, in this scenario one set of PHR timers per UE should be selected due to the low complexity. So we propose to take one set of PHR timers per UE alternative as a baseline in LTE R10. 
Proposal 2: One set of PHR timers per UE should be considered as a baseline in LTE R10. 
If proposal 2 is agreed, as the PHRs for multiple UL CCs may be triggered simultaneously, how the PHRs from different CCs should be reported needs further consideration.
One possible alternative is that the PHRs for all the UL CCs, on which the triggered PHR is pending, will be transmitted together on the UL CC, which has UL resource for new transmission and the allocated UL resources can accommodate the multiple PHRs. Therefore, the PHR is not limited to the concerning UL CC, and the PHRs of all CCs with triggered PHRs pending could be transmitted with less delay. With this method, a new MAC CE may need to be introduced depending on how further mechanism is designed. 

Another possible alternative is that PHRs are only limited to the concerning UL CC, so that only the PHRs for the UL CCs, which have UL resource for new transmission, can be transmitted. Meanwhile, the triggered PHR for the UL CC, which doesn’t have UL resource for new transmission, remains pending. It has the disadvantage that the transmission of the triggered PHR, which remains pending, will be delayed at least till prohibitPHR-Timer expires. The delay of the PHR for this CC may be even longer if there is no UL resource for new transmission or the allocated resource can’t accommodate the PHR MAC CE plus its subheader after the expiration of the prohibitPHR-Timer. 
As PHR is for eNB to determine how much more UL bandwidth per subframe a UE is capable of using, the information can help to avoid allocating uplink transmission resources to UEs which are unable to use, thus resulting a lower SINR and system capacity wasting. The delay may result in resource waste especially when the delay is long. From this point of view, PHR for each UL CC, on which the triggered PHR is pending, should be reported timely. So we propose if proposal 2 is agreed, PHRs for all the UL CCs on which the triggered PHR is pending, should be transmitted, not limited to the concerning UL CC.
Proposal 3: If proposal 2 is agreed, PHRs for all the UL CCs on which the triggered PHR is pending, should be transmitted, not limited to the concerning UL CC. 
3 Conclusion
In this contribution, we express our understanding on PHR in CA based on the open issues raised during the last meeting. The followings are proposed: 
Proposal 1: There is no need to allow the network to configure the need for PHR per UL CC.

Proposal 2: One set of PHR timers per UE should be considered as a baseline in LTE R10. 

Proposal 3: If proposal 2 is agreed, PHRs for all the UL CCs on which the triggered PHR is pending, should be transmitted, not limited to the concerning UL CC. 
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