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1 Introduction

It has been agreed in RAN1 #59bis meeting  that per-CC PHR is supported in CA but whether or not per-channel (i.e. PUCCH/PHSCH) PHR is supported is FFS [1]. During the same meeting some basic conclusion on pathloss derivation were also reached that the DL CC used for pathloss derivation for power control of each UL CC is configured by the network. In this document we discuss PHR from RAN2 point of view and give our suggestions.
2 Discussion
In LTE Rel-8, PHR is used to provide eNB with information about the space that UE can increase its transmitting power. With this information, eNB can avoid arbitrarily scheduling a UE when the UE has already been power limited. Three events are defined for triggering a PHR:
(1) prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB since the transmission of a PHR when UE has UL resources for new transmission;
(2) periodicPHR-Timer expires;
(3) upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function.
In LTE Rel-8 single pair of DL carrier and UL carrier is supported. The carrier frequency interval between DL and UL is small relative to either DL frequency or UL frequency. It is reasonable that DL pathloss is recognized as UL pathloss for UL power control. However, multiple pairs of DL and UL carriers may exist at the same time in Rel-10 CA, then how to derivate the pathloss for each of the UL CCs? How many DL CCs should be measured? How to perform power headroom reporting? We will discuss above issues in detail in the following.
2.1 Pathloss derivation
It has been agreed in RAN #47 meeting that Rel-10 support both intra- and inter-band CA for FDD DL and inter-band CA  for FDD UL[2]. Another approved WF proposed band scenarios for the CA WID: Band 1 and Band 40 are used for intra-band contiguous CA , Band 1 and Band 5 are used for inter-band non-contiguous CA. According to WF, Fig.1 depicts intra-band symmetric and asymmetric CA respectively. In Fig.1 (a) and Fig.1 (b), all the DL CCs and UL CCs belong to the same frequency band.
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Fig.1 Intra-band CA scenarios.

For intra-band CA, two options exists for derivating each UL CC’s pathloss:
Option 1: For each UL CC, its corresponding linking DL CC is used to derivate the pathloss.
Option 2: For each UL CC, a common DL CC is used to derivate the pathloss.
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Fig.2 PHR for Option 1.
In Option 1, for each UL CC, UE measures its linking DL CC to determine whether to trigger PHR for the UL CC. Assume that prohibitPHR-Timer and periodicPHR-Timer for each UL CC are started at the same time and dl-PathlossChange for each UL CC have the same value. Due to the fact that CC1 and CC2 are in the same DL band, they will have similar pathloss. Then the events triggering PHR for  CC1’ and CC2’ will occur at nearly the same time( as illustrated in Fig.2). In fact, the multiple DL CCs in the same band have similar pathloss and the maximum error is no more than 1%, which can be calculated from (lg2170-lg2110)/lg2110. The corresponding proposal is:
Proposal 1: For intra-band CA, a common DL CC can be  used to derivate the pathloss for each UL CC.
 For inter-band CA, there are also two options for derivating each UL CC’s pathloss:
Option 1: For each UL CC, its corresponding linking DL CC is used to derivate the pathloss.
Option 2: For each UL CC, a common DL CC which belongs to the same band as the UL CC is used to derivate the pathloss.

For inter-band CA, Option 1 will bring too large error. For example, as depicted in Fig.3, UL CC1’ is linked to DL CC1 and UL CC2’ is linked to DL CC2. CC1, CC1’ and CC2’ belong to Band 1 (2110MHz~2170MHz)  and CC2 belongs to Band 5 (824MHz ~ 849MHz). It is obvious that the CCs in Band 1 and Band 5 have different transmission characteristics. Taking the pathloss of CC2’ as the pathloss of CC2  will lead to large error and the maximum value may be as large as 12%, which can be calculated from (lg1980-lg869)/lg869. One natural solution is selecting CC1 for both CC1’ and CC2’ to derivate the pathloss because the three CCs belong to the same frequency band and have similar transmission characteristics. Similarly, in Fig.3 (b), CC1 is used to derivate the pathloss of CC1’. So we propose:
Proposal 2: For inter-band CA, a common DL CC which belongs to the same band as the UL CC can be  used to derivate the pathloss for each UL CC.
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Fig.3 Inter-band CA scenarios.
2.2 Power Headroom Reporting

As defined in LTE Rel-8, whether the two times (prohibitPHR-Timer and periodicPHR-Timer) for the UL CC will be restarted depends on if the UE has UL resources allocated for new transmission for this TTI. If UE is not scheduled in the current TTI no PHR will be transmitted even though there is event triggered for PHR. The reason is that eNB does not need to perform uplink power control when there is no data for uplink. Similarly, PHR for one UL CC does not need to be provided to eNB when no resources are allocated on the UL CC for this TTI.
Proposal 3: PHR for one UL CC does not need to be provided to eNB when no resources are allocated on the UL CC for this TTI.
Similar to LTE Rel-8, prohibitPHR-Timer and periodicPHR-Timer for each UL CC will be restarted after the PHR is transmitted. However, there is probability that no resources are allocated on one UL CC  when event for PHR have been triggered. Therefor, even though the time triggering PHR for UL CC1’ and CC2’ is close to each other, the PHR will be transmitted at fairly different time. So  prohibitPHR-Timer and periodicPHR-Timer for different UL CCs will be restarted at different time, i.e., UE should maintain a separate group of timers (prohibitPHR-Timer and periodicPHR-Timer) for each UL CC.
Proposal 4: A separate group of timers (prohibitPHR-Timer and periodicPHR-Timer) relate to PHR should be maintained for each UL CC.
 In Rel-10 CA, multiple UL CC can be scheduled on the same TTI. Therefor, when allocated resources on one UL CC can not accommodate the corresponding PHR MAC control element plus the subheader, the PHR can be transmitted on another UL CC.
Proposal 5: PHR for one UL CC can be transmitted on another UL CC.
3 Conclusion
In this contribution, we have further discussed the issues of PHR for Carrier Aggregation. Based on a number of observations the following proposals are proposed:
Proposal 1: For intra-band CA, a common DL CC can be  used to derivate the pathloss for each UL CC.
Proposal 2: For inter-band CA, a common DL CC which belongs to the same band as the UL CC can be  used to derivate the pathloss for each UL CC.
Proposal 3: PHR for one UL CC does not need to be provided to eNB when no resources are allocated on the UL CC for this TTI.
Proposal 4: A separate group of timers (prohibitPHR-Timer and periodicPHR-Timer) relate to PHR should be maintained for each UL CC.
Proposal 5: PHR for one UL CC can be transmitted on another UL CC.
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