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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: [11]
-  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?
Our analyses to the above issues are given in [1] to propel the agreements being made ASAP. For further optimization, this contribution suggests to introduce a manner of grouping for PHR triggering and reporting, and corresponding analysis is given.
2. Discussion
In Release 8/9, a Power Headroom Report (PHR) shall be triggered if the path loss has changed more than dl-PathlossChange since last transmission of a PHR. The structure of MAC Control Element for PHR is shown below:

[image: image1.emf]PH Oct 1 R R


Figure 1: Power Headroom MAC control element in R8/9
Where R is the reserved bit and PH is the field indicating power headroom level.
When multi-carrier operation is introduced with carrier aggregation in Release 10, a question identified in the recent meetings is whether the PHR should be triggered on a per-UE basis or per-carrier basis. The benefit of per-carrier triggering is that eNB is able to know the power headroom of every carrier, the drawback of it is that too many reports shall be sent to eNB, with a lot of power resources consumed for measurement and large amount of radio resources wasted for repeated information. The benefit of per-UE PHR triggering is to save UE power and radio resources, but the drawback is that eNB is not able to know the exact power headroom of each carrier, which will impact the scheduling efficiency of eNB. It seems that either option is not able to solve the issue in a satisfactory manner.
Based on the existing analysis on PHR trigger, this paper suggests to introduce a PHR triggering method with carrier grouping.
Figures 2, 3 and 4 show the CA deployment scenarios 1, 3, and 5 respectively, they were referenced here for easy comparison. Figure 2 is the co-site scenario with same coverage, Figure 3 is the co-site scenario with different direction of coverage, Figure 4 is the scenario with repeaters, i.e., including non-co-site frequencies.
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Figure 2: CA deployment scenario 1
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Figure 3: CA deployment scenario 3
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Figure 4: CA deployment scenario 5
For Scenarios 1, 3 and the co-site part of Scenario 5, when the UE works in these areas with multiple carriers configured, the path loss of downlink signal from eNB to UE can be deemed to be same. In this case the PHR triggering threshold dl-PathlossChange should be same for different carriers, and in most cases they are triggered at the same time. If these carriers could be grouped in a carrier set, UE can get the pathloss of all the carriers in the same group with measurement of only one downlink carrier. A PHR shall be triggered when the change of measured downlink pathloss exceeds the dl-PathlossChange threshold for this particular carrier. PHR triggering on a per-carrier group basis can decrease the efforts of UE measurement against downlink RSRP, and so the UE power consumption could be saved to a great extent. For Scenario 1 shown in Figure 2, per-group triggering is indeed the same with per-UE triggering. The group with these carriers could be called as “PHR trigger carrier group”.
If the eNB choose to do joint-scheduling against some of the component carriers, i.e., to allocate same amount of power resources to different carriers, or in some cases the eNB is able to deduce other carriers’ power headroom from the PHR of a particular carrier, as analysed in [8], the UE only needs to report the power headroom of one carrier instead of all the carriers. The number of PHR reports could be reduced and large amount of radio resources for PHR is saved this way. The group with these carriers can be called “PHR reporting carrier group”. From simplicity, PHR reporting carrier group is a subset of PHR trigger carrier group.
A simple summary to the above method is per-carrier group PHR triggering and reporting. The information of these groups could be configured to UE by dedicated RRC signalling. UE selects a carrier from the “PHR triggering carrier group” to do RSRP measurement for PHR triggering purpose. When PHR is triggered with dl-PathlossChange threshold, power headroom shall be reported for each PHR reporting carrier group. A single PHR is transmitted for each PHR reporting carrier group.
Proposal 1: Introduce the concept of “PHR trigger carrier group”, configured by eNB, RSRP measurement for PHR purpose is only performed on a single carrier of the group.
Proposal 2: Introduce the concept of “PHR reporting carrier group”, configured by eNB, the UE only needs to report power headroom of a single carrier in the group.
For the question of whether to allow cross-carrier PHR reporting, analysis has been given in [1] and it is suggested that “PHR triggered on a certain UL carrier can be transmitted on other UL carriers”. If this can be agreed as a working assumption, the problem of carrier identification in PHR needs to be addressed.
The current structure of PHR MAC CE in Figure 1 shows that there are 2 reserved bits available for extension, these 2 bits can be used to identify PHR reporting carrier group, say CGID (Carrier Group ID), 4 groups can be identified with 2 bits. The maximum number of aggregated carriers in R10 is 5, i.e., maximum 5 carriers are configured for a UE. This limitation was deemed to be an obstacle for the introduction of cross-carrier PHR reporting according to the discussion at last meeting. The concept of group can resolve this issue in a simple way.

The benefit of allowing cross-carrier PHR reporting is that UE does not need to wait for the PUSCH resources to be available in the current carrier, the waiting time of PHR report is reduced to a great extent, and the radio resource efficiency is increased greatly.
Based on the above analysis, it is suggested to introduce a new structure of PHR MAC CE, say PHR MAC CE Type 2, as shown below:
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Figure 5: Structure of PHR MAC CE Type 2
Whereas CGID represents the configured PHR reporting carrier group ID and the PH field is the same with R8/9. This structure of PHR MAC CE can well solve the issue of cross-carrier PHR reporting. Since the length of the MAC CE is not changed, this structure is compatible to the existing PHR MAC CE, there is no need to introduce new LCID values.
Proposal 3: Use the 2 reserved bits in PHR MAC CE to identify PHR reporting carrier group ID.
3. Conclusion
This contribution introduced the feasibility of per-carrier group PHR triggering and reporting, and the following proposals are given:

Proposal 1: Introduce the concept of “PHR trigger carrier group”, configured by eNB, RSRP measurement for PHR purpose is only performed on a single carrier of the group.

Proposal 2: Introduce the concept of “PHR reporting carrier group”, configured by eNB, the UE only needs to report power headroom of a single carrier in the group.
Proposal 3: Use the 2 reserved bits in PHR MAC CE to identify PHR reporting carrier group ID.
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