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1 Introduction

During the last RAN2 meeting, the topic of PHR for CA was addressed. Though no agreements have been reached, the following open issues were proposed, which provided guidance for further study.
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?
In this contribution, we would like to discuss above remaining issues related to PHR for CA.
2 Discussion
2.1 Requiring PHR configurable per UL CC?
In LTE Rel-10 CA, only intra-band aggregation is supported with regard to UL. Because the UL CCs have similar pathloss, one may argue that only PHR for one UL CC is needed to be transmitted. The eNB can derive PHR for other UL CCs according to the received PHR. However, RAN4 has not reached agreement whether the value of 
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defined in [1] is the same for every UL CC. Unknown
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value of each UL CC, the eNB can not easily derive PH for other UL CC according to the received PHR. Anyway, we think PHR for each UL CC is equally important, so we can conclude that the network should reconfigure PHR for each UL CC together if there is a need. In other words, there is 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 PHR transmission
In LTE Rel-8/9, when the UE has UL resources allocated for new transmission for the TTI, PHR will be included in the TB if there is any triggered PHR. In the contrast, no PHR will be transmitted if the UE is not scheduled for the TTI. However, because multiple UL CCs can be independently scheduled in carrier aggregation, it is possible that PHR for one UL CC can be transmitted on another UL CC. So with respect to PHR transmission, there are two possible alternative solutions:
Alt1: PHR for one UL CC can be sent on other UL CC.

Alt2: PHR is sent on the corresponding UL CC.
For Alt1 solution, the reserved “R” bits in PH MAC sub-header and/or PH MAC CE can be used to differentiate UL CCs. To include multiple PHR in the same TB, there are two methods, which are shown in Fig.1 and Fig.2, respectively. Assume there are three PHR to be transmitted in the same TB. As depicted in Fig.1, the “R” bits in MAC CE are used to indicate CC index. Because the size of PHR MAC CE is variable, R/R/E/LCID/F/L field should be used for PHR MAC sub-header. In the example, the corresponding “L” value is set to 3 as there are three PHR. To different from fixed size MAC CE, new LCID should be defined.
Another method for Alt1 is shown in Fig.2. Like in the method in Fig.1, the “R” bits in MAC CE are used to indicate CC index. However, no new LCID is needed to be defined because the PHR MAC CE for each UL CC remains fixed size.
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Fig.1 
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Fig.2
No matter which method in Fig.1 or Fig.2 is adopted, two reserved “R” bits are used to indicate CC index. However, as agreed that by RAN1 three bits CIF is used to indicate at most five CCs. So above two methods which use 2 bits to indicate CC index is a bit contradictive with RAN1 conclusions. If more bits are used to indicate CC index, PH MAC CE should be completely re-designed, which will not only introduce standardization workload but also lead to resources waste. 
If Alt2 is adopted, Rel-8/9 PHR scheme can be reused, which can release standard work burden. And our understanding is that though Alt2 has less scheduling flexibility than Alt1, Rel-8/9 PHR scheme is still enough. After all, PHR has lower priority than other MAC CE, e.g., BSR. So the corresponding proposals are:
Proposal 2: PHR sent only on the concerning UL CC.
Proposal 3: No new MAC CE is needed to be defined.
2.3 PHR timer maintains
With respect to PHR timer maintaining, there are two options:
Option 1: One set of PHR timers per UE.
Option 2: One separate set of PHR timers per UL CC. 
In LTE Rel-8/9, prohibitPHR-Timer and periodicPHR-Timer will be restarted immediately after the PHR is transmitted. If it is the same for Rel-10, UE must maintain a separate set of timers for each UL CC. The reason is that the PHR for each UL CC may be transmitted at fairly different time because there is probability that not all UL CCs are scheduled simultaneously in the current TTI.
If per UE PHR timers are maintained, the time for prohibitPHR-Timer and periodicPHR-Timer to be restarted will be delayed until all the PHR have been transmitted. Disadvantage of this solution is that too many PHR will be triggered because periodicPHR-Timer is not restarted in time, so more UL resources are wasted. 
With above considerations, we propose that:
Proposal 4: One separate set of PHR timers is maintained per UL CC.
2.4 PHR triggers
In RAN#47 plenary meeting agreement is that Rel-10 prioritizes intra-band CA [2]. Though until now RAN4 have not made response on how to configure pathloss reference(s), we believe that multiple UL CCs will have similar pathloss values. So one common pathloss trigger may apply to all the UL CCs. However, despite pathloss trigger, there are other two triggers, i.e., periodic trigger and (r)configuration trigger. In our above discussion in section 2.3, our opinion is that PHR timer should be CC specific. That is to say, periodicPHR-Timer for each UL CC may be restarted at different time. So PHR trigger for UL CCs may occur at different time from periodic trigger point of view. Therefor, CC specific trigger is needed.
Proposal 5: PHR trigger is CC specific.
In LTE Rel-8/9, a PHR shall be triggered if any 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;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers , which is not used to disable the function.
When no new PHR is triggered during the periodic cycle, default consideration is that downlink pathloss does not change much. The eNB can use previous PH value for scheduling and power control. Due to the fact that PHR has lower priority than BSR, there is no need to transmit PHR over-frequently. So our understanding is that no new PHR triggers are need, e.g., padding PHR like triggers.
Proposal 6: Rel-8/9 PHR triggers are assumed as baseline.
3 Conclusion
In this contribution, we have discussed the remaining issues on PHR for Carrier Aggregation. The following proposals are proposed:
Proposal 1: There is no need to allow the network to configure the need for PHR per UL CC.
Proposal 2: PHR sent only on the concerning UL CC.
Proposal 3: No new MAC CE is needed to be defined.
Proposal 4: One separate set of PHR timers is maintained per UL CC.
Proposal 5: PHR trigger is CC specific.
Proposal 6: Rel-8/9 PHR triggers are assumed as baseline.
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