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1 Introduction
Discussion on what to report and how to report the PHR
2 Understanding on power reduction 
In order to simplify the discussion, following conditions are assumed:
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 is mainly limited by UE’s power reduction (
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)  and eNB power limitation(i.e. p-MAX) 
2) In rel-8, 
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 mainly depends on MCS and assigned RB size, assigned RB relative location in channel, etc and is not related to path loss. In Rel-10, each CC could have different power reduction (
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), and 
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 is affected not only transmission on corresponding CC but also other CC. Furthermore, introducing PUCCH+PUSCH transmission and PUSCH cluster transmission are very likely increase 
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dramatically, even for non-CA case. 
3) However 
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is implementation-dependent and eNB doesn’t know it in advance, it is not allowed to exceed RAN4’s requirement i.e. MPR+A-MPR, and UE could determine 
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 (e.g. by searching a semi-static table) once UL grant(s) received.

2.1 Exemplary eNB implementation

2.1.1 Considering power reduction difference uncertainty 
Normally, eNB would use received PHR (most probably the latest PHR) to predict whether a potential grant exceed UE’s power limitation. eNB would not grant a PUSCH that power increment will exceed PHR with adjustment for difference of actual power reduction.
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If the scheduling does not changed too much (i.e. 
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does not changed too much), eNB could use PHR directly as limitation of power increment. Otherwise if the grant will result in 
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changed, eNB could expect 
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 based on the knowledge of
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, e.g. conservative expectation is 
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) then possible power increment is limited in safety range. The discrepancy between eNB expect 
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 and UE actual 
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 could possible result in power overuse (
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) or power underuse (
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), which depends on eNB expectation policy.
However eNB could use PHR reported by UE in the grant TTI to adjust its expectation
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. For example, eNB give a grant in TTI1 with sensible 
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 by using latest 
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 in TTI0 and taking the expectation 
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into consideration. In order to not overuse UE’s power, eNB could estimate 
[image: image25.wmf]1

()

eNB

PHRTTI

 itself and ensure the 
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lead to 
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. If UE’s periodicPHR-Timer is expired on TTI1, 
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 is reported to eNB, and eNB can find the discrepancy by comparing reported 
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could be re-adjusted by:
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After 
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, for scheduling similar to TTI1, the estimate power error due to power reduction difference uncertainty could be eliminated. 
There are 3 levels defined for MPR in 36.101 for Rel-8, and more MPR levels could be introduced for PUCCH+PUSCH or PUSCH cluster transmission.  The actual 
[image: image36.wmf]UE

PR

levels are depends on UE implementation which would quite similar as Table 6.2.3-1 in 36.101. eNB would run the same procedure describe above to enumerate all possible
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 for any two PR levels. After that, eNB can schedule the UE flexibly and accurately.
In CA case, the estimating procedure could be similar, except eNB need to expect  
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 for every CC first and adjust them together by joint PHR because transmission on one CC may affect power reduction on others.
Observation1: Power reduction difference uncertainty could be eliminated by eNB implementation. 

2.1.2 Considering UE power headroom 
In last two meeting, companies discussed whether eNB need UE report additional information to limit total power of all transmission CC is not exceed UE’s capability. 
Below is an example for how eNB make use of CC specific PHR to deduce the power headroom left for one UE. The UE is configured 2 CCs and Ppowerclass is 23dBm equal to 200mW. MPR+A-MPR is 5dB for CC1 and 3dB for CC2, actual UE power reduction is 3dB for CC1 and 1dB for CC2. When PHR trigger, UE report PHR for CC1 is 3dB and CC2 is 5dB for every CC use equally power to send PUSCH (i.e. 17dBm/50mW) . There is 3 possible to calculate power headroom for the UE.
a) based on assumption  PRUE=MPR+A-MPR for each CC and eNB can estimate UE specific PHR is 5dB
b) based on assumption  PRUE=0 for each CC and eNB can estimate UE specific PHR is 1dB

c) UE report its UE specific PHR equals 3dB

	
	CC1
	CC2

	Ppowerclass
	23dBm
	200mW
	23dBm
	200mW
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	3dB
	 
	1dB
	 

	MPR+A-MPR
	5dB
	 
	3dB
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	20dBm
	100mW
	22dBm
	158mW

	PPUSCH
	17dBm
	50mW
	17dBm
	50mW

	CC specific PHR
	3dB
	 
	5dB
	 

	eNB estimation1 UE PHR(assume PR=MPR+A-MPR)
	5dB(over-optimistic)

	eNB estimation2 UE PHR(assume PR=0)
	1dB (over-pessimistic)

	UE reported UE specific PHR
	3dB (average)


a) is too optimistic, eNB think it can use all power for each CC, if so UE have to perform 1dB power scale down for each CC. On the contrary, b) is too pessimistic or conservative,  2dB of UE power can not be utilized. The higher difference between 
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 and MPR+A-MPR, the less accurate UE PHR can be estimated.
Let UE report UE specific PHR is walk in the middle. If eNB can guarantee never grant over 3dB power increment for each CC, then the UE power will not scale down. On the other hand, c) is not perfect, 3dB limited is perform only when eNB increment power for each CC simultaneously.  If one CC doesn’t increase power the other can exceed the power limited by UE specific PHR, e.g. CC1 is going to maintain 17dBm usage, and CC2 can power up 4.7dB to 150mW which exceed 3dB limitation. 
After analysis, we can see, the only way to estimate power headroom of UE is let eNB know the 
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 for each CC. Then eNB can calculate absolute power used by every CC then sum them up to calculate UE PHR. 
However, report actual power reduction will introduce a lot of signalling and complexity. RAN2 should discuss how to compromise PHR estimation accuracy and scheduling flexibility to signalling overhead and complexity.
Proposal1: Additional UE reported PHR/MPR information provide useful information to eNB. FFS how to compromise scheduling flexibility and accuracy to  signaling overhead and complexity
2.2 PHR reporting issue
2.2.1 Type1 PHR
Based on the fact that power reduction for one CC in CA transmission (
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) is different from for single carrier transmission (
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).  For example, power reduction is possible changed for CC1 if CC2 is scheduled together even grant on the CC1 has the same location as scheduled alone before.  If UE always provide PHR jointly, scheduling for all CC together can be optimized by using estimation procedure mention in 2.1, and eNB has to grant UE conservatively for scheduling on a subset of configured CC (e.g. schedule a single CC).
So in order to provide full flexibility to scheduler, UE should provide PHR by considering different power reduction. 
Proposal2:  UE should provide type 1 PHR reports by considering different power reduction.
UE should report PHR for scheduled, configured or active UL CCs is under e-mail discussion. We think PHR for scheduled or active UL CCs is more reasonable that eNB could control UE to report PHR considering different power reduction for different transmission mode. For the simplicity, report PHR for scheduled CC could be adopted.
Proposal3: UE should report PHR for scheduled CC.
2.2.2 Virtual PUCCH for type2 PHR

Virtual type2 PHR can at least reflect the difference of power reduction when parallel PUCCH is considered. Using latest PHR could minimize pathloss and TPC estimation error in eNB, and helpful to scheduling and power control for next scheduling TTI when parallel transmission occurs. And it makes MAC CE simpler.
Proposal4: UE always report Type 2 PHR when Type 1 PHR is reported for the PCell. Use the PUCCH reference format defined by RAN1.
3 Conclusion
Observation1: Power reduction difference uncertainty could be eliminated by eNB implementation. 
Proposal1: Additional UE reported PHR/MPR information provide useful information to eNB. FFS how to compromise scheduling flexibility and accuracy to  signaling overhead and complexity
Proposal2:  UE should provide type 1 PHR reports by considering different power reduction.
Proposal3: UE should report PHR for scheduled CC.
Proposal4: UE always report Type 2 PHR when Type 1 PHR is reported for the PCell. Use the PUCCH reference format defined by RAN1.
4 Reference
[1] draft R2-10XXXX - 71#57 - PHR Reporting_HTC
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