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1. Introduction
It has been agreed in the recent meetings that power headroom is reported on a per-CC basis, and 2 types of power headroom are defined by RAN1: [10]
-  Type 1 power headroom report is computed as: P_cmax,c minus PUSCH power

-  Type 2 power headroom report is computed as: P_cmax,c minus PUCCH power minus PUSCH power
Moving forward, the following questions are still open and need to be addressed first:
1) Is there a need to allow the network to configure the need for PHR per UL CC?

2) PHR is 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?
This contribution tries to investigate the answers to these open questions based on the scenarios supported in Release 10.
2. Discussion
2.1 Configurability of PHR
In case of simultaneous uplink transmission on multiple component carriers, according to the agreement that power headroom is reported on a per-CC basis, it is obvious that eNB allocation of power resources across different carriers depends on the power headroom of all the activated uplink carriers. Without in-time power headroom information of a particular carrier, eNB will not be confident to schedule it with proper power grant, and this may even cause some “conservative” eNB/s not to schedule any UL resource on this component carrier at all, this carrier is actually deactivated because the UE does not have any transmission on it. From this point of view, it is reasonable to link the report of PHR to the activation/de-activation status of a component carrier, and there is no need to add any extra signalling to enable/disable the PHR reporting for a particular component carrier.
Although in the co-site intra-band scenarios there may be some component carriers sharing the same path-loss or path-loss change, as indicated in [3], there are other factors such as TPC error to cause the power headroom values to be different for different carriers. Same path-loss change only means a single trigger of PHR for multiple-carriers, but the PHR content of different carriers is different, this can be treated as a case where multiple reports are sent because of a single trigger.
Proposal 1: Power headroom report is implicitly required for all the activated CCs of a UE.
2.2 Whether to allow PHR transmission on other CCs
In Release 8/9, PHR report is transmitted only when UL grant is available in a particular subframe. When a PHR is triggered, UE has to wait for the UL grant to be available, without any mechanism for it to request an UL grant. This is not a problem for single-carrier operation since UE only works on a single carrier, there will be scheduling request sent to eNB when UL data arrives for transmission, and after that the UL grant will be assigned for transmission of BSR, UL data and PHR.

When carrier aggregation is introduced, UE works on multiple carriers at the same time, it is highly possible that eNB selects to not schedule a certain carrier for some time depending on its scheduling strategy. However, it is beneficial for the eNB to know the power headroom information of all the activated UL carriers with PHR triggered, this can help the eNB scheduler to determine whether to utilize those “dormant” carriers. If a UE is only allowed to transmit PHR on the carrier on which the PHR is triggered, e.g., because dl-PathlossChange threshold is exceeded on that carrier, but eNB does not schedule any UL resource on it, this triggered PHR will not be delivered to eNB for a long time or even not delivered at all. From the system efficiency point of view, it is beneficial for this triggered PHR to be transmitted to eNB as soon as possible, to enable efficient scheduling of uplink resources in the eNB. In this sense, if there is no UL grant on the carrier with PHR triggered, any other carrier with UL grant should be “borrowed” to deliver the PHR report.
Another scenario regarding the PHR carrier restriction is given in [3]. When two UL carriers (Carrier 1 and Carrier 2) are configured, and the eNB observes from PHR that UL carrier 1 is experiencing a relatively high path loss, in this case the eNB may decide not to schedule on UL carrier 1. Then, if transmission of PHR related to UL carrier 1 is restricted to UL carrier 1, the eNB is not able to receive updated PHR for UL carrier 1, and would not know appropriately when to restart scheduling on UL carrier 1. In this case carrier 2 is better to be selected to report the PHR triggered on carrier 1.
According to the above analysis, it is proposed to not limit the transmission of PHR on the carrier where it is triggered. 
Proposal 2: PHR triggered on a certain UL carrier can be transmitted on other UL carriers.
2.3
PHR Triggering parameters
In Release 8/9, there are three parameters related to the triggering of PHR: periodicPHR-Timer, prohibitPHR-Timer and dl-PathlossChange. The corresponding triggering behaviour is that a PHR shall be triggered if either of the following events occur:
-
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;

-
periodicPHR-Timer expires.

Carrier aggregation introduces multi-carrier operation in Release 10, an open question related to the PHR triggering mechanism is whether the value of the above parameters should be set on a per-carrier basis or per-UE basis. This mainly depends on whether different carrier shall have different QoS attributes (e.g., delay tolerance, priority, etc). According to the agreement that logical channel prioritization over different carriers is left up to UE implementation, i.e., it is not going to be specified in the standard, it should be reasonable to conclude that QoS differentiation over different carriers is not going to be specified in the standard. Taking this into account, there is no strong need is observed to set the values of above three parameters on a per-carrier basis. Therefore, it is proposed that the values of periodicPHR-Timer, prohibitPHR-Timer and dl-PathlossChange are set on a per-UE basis. Another benefit of per-UE configuration of these parameters is that it has no impact on the Layer 3 signalling.
Proposal 3: The value of periodicPHR-Timer is set on a per-UE basis.

Proposal 4: The value of prohibitPHR-Timer is set on a per-UE basis.

Proposal 5: The value of dl-PathlossChange is set on a per-UE basis.
3. Conclusion
This contribution analyzed some open issues on power headroom reporting of carrier aggregation, and the following proposals are given:

Proposal 1: Power headroom report is implicitly required for all the activated CCs of a UE.
Proposal 2: PHR triggered on a certain UL carrier can be transmitted on other UL carriers.

Proposal 3: The value of periodicPHR-Timer is set on a per-UE basis.

Proposal 4: The value of prohibitPHR-Timer is set on a per-UE basis.

Proposal 5: The value of dl-PathlossChange is set on a per-UE basis.
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