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1 Introduction

At RAN2#71, three items related to PHR on CA (Carrier Aggregation) were raised.

1) Do we need PHR reporting for non-scheduled CC's?
2) Do we need Type2 PHR reporting when PUCCH is not transmitted in this TTI?
3) Is the prohibit timer per CC or per UE?
We think first two items are related to dynamic CC scheduling and power control. From RAN2#69bis to RAN2#71, several contributions had mentioned an unknown MPR problem on dynamic CC scheduling [3]
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[7]. These suggest possible additional PHR information formats and usages comparing to per-CC PHR e.g. per-UE PHR, MPR report and so on. It is mostly said that the additional information provides a useful PH value for indicating UE power limitation, and that the triggering condition of it would be FFS. In this document, we suggest a little different intuition about an additional PHR information on CA and the triggering condition being changed according to it. This document would focus on the purpose and usage of additional PHR information.
2 Purpose of Additional PHR Information
In Rel-8/9 LTE, power control of only one CC is handled. MPR could be differently calculated with respective resource allocation and modulaton scheme as shown in below table, and when an eNB dynamically doing resource allocation, maximum of MPR difference may be about 1dB(wideband with 16QAM versus the other cases in Table 1). Most company agreed that there is no ciritical MPR change and thus the legacy PHR is sufficient to power control on dynamic scheduling. In this power control procedure, PHR is used only as reference for estimating pathloss change and TPC error.
Table 1: Maximum Power Reduction (MPR) for Power Class 3 (Table 6.2.3-1 in [1])

	Modulation
	Channel bandwidth / Transmission bandwidth configuration (RB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
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	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


 Meanwhile, in Rel-10 LTE, CA is adapted and resource allocation to a UE can span several frequency band broadly. Let us suppose the UE has only one RF for all configured CCs, and configured CC set be {CC1(2.498GHz,20MHz),CC2(2.5GHz,20MHz),CC3(2.502GHz,20MHz)}. In that case, MPR of the UE could fluctuate in the range of 1~7dB according to scheduled resource allocation [2]
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[4]. As CC1 and CC2 are scheduled on the UE, MPR value would be 1dB but, on the another hand, it could be 7dB for CC1 and CC3. If eNB is not additionally informed of this gap except per-CC UE, it would grant too broad resource (or too high-level modulation) such that the UE may suffer extreme power scailing down (about 6dB) on uplink transmission. Thus, the UE needs to send this information to eNB. Otherwise, it cannot calculate it from per-CC PHR by the eNB. It would not be a value which indicates pathloss variation or TPC error, but one that represents scheduled CC configuration. We think this type of further information should be delievered from a UE to an eNB int addition to per-CC PHR, and this information is used for eNB to be able to estimate the MPR value on the specific CC configuration.
- Proposal 1: Additional PHR information should be transmitted along with per-CC PHR for dynamic scheduling on CA.
- Proposal 2: Additional PHR information should be used to inform MPR difference due to each scheduled CC configuration while per-CC PHR to inform pathloss difference.
Also, since this information is subject to resource configuration, it need not to be triggered depending on per-CC PHR. It may be triggered by CC reconfiguration. For the above example, configured CC set is reconfigured as like {CC1(2.498GHz,20MHz),CC2(2.5GHz,20MHz),CC3(2.496GHz,20MHz)}. MPR value would be changed because the carrier frequency of CC3 get lower. After UE calculate MPR value for the simulataneous CC2 and CC3 allocation in reconfigured CC set, and then if new MPR value is different from old one, then the UE would trigger the additional information and transmit it to eNB. That is totally independent of per-CC PHR triggering condition.
- Proposal 3: Additional PHR information would be triggered independent of per-CC PHR (maybe when CC configuration is changed).
- Proposal 4: It would be determined by a UE whether additional PHR information is transmitted or not.
It is FFS how to construct this additional information.
3 Conclusion
- Proposal 1: Additional PHR information should be transmitted along with per-CC PHR for dynamic scheduling on CA.
- Proposal 2: Additional PHR information should be used to inform MPR difference due to each scheduled CC configuration while per-CC PHR to pathloss difference.
- Proposal 3: Additional PHR information would be triggered idependent of per-CC PHR (maybe when CC configuration is changed).
- Proposal 4: It would be determined by UE whether additional PHR information is transmitted or not.
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