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1. Introduction

In RAN1 #61 meeting, the following with respect to power headroom reporting for carrier aggregation in LTE-A have been agreed:
· PHRs for the following cases will be provided:

· Type 1: Pcmax minus PUSCH power

· Type 2: Pcmax minus PUCCH power minus PUSCH power

In addition, RAN2 sent a LS [1] to ask RAN1 to clarify the concerns on the current agreed CC specific PHR for CA and evaluate the necessity of providing additional information, i.e. per UE PHR. 
In this contribution, we discuss the following:
· the definition of type 2 power headroom

· the need of per UE PHR
2. Discussion 

2.1. Type 2 power headroom definition
In RAN1 #61, though the Type 2 PHR with the form of (Pcmax minus PUCCH power minus PUSCH power) has been agreed, the exact equation for type 2 PHR calculation is ambiguous and has not been discussed. In Rel-8, the power headroom 
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with the unit of dB, that is to say, power headroom is actually a ratio of configured maximum output power 
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 in mW referenced to the estimated PUSCH transmit power 
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Given that power headroom in Rel-10 also represents a power ratio and is measured in dB, there could be two interpretations of type 2 power headroom calculation based on the agreement that type 2 PHR is equal to (Pcmax minus PUCCH power minus PUSCH power) as shown in following:
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where, CC-specific max power 
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 is time-varying since MPR should be taken into account. And both 
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 are expected to be be set based on the real transmission format or the reference format. Note: in equation 2 and 3, the 
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are all values in mW for simplicity.
As type 2 power headroom information is only used for PUSCH scheduling on PCC in case of simultaneous PUSCH and PUCCH transmission and PUSCH power control is independent to PUCCH power control, it is desired that the type 2 PHR provides serving eNB with information about the difference between the total available PUSCH transmit power and the UE's currently estimated PUSCH power, i.e. the power ratio of total available PUSCH power referenced to current estimated PUSCH power, same as R8 PHR functionality. From our point of view, equation (3) is more in line with the purpose of type 2 PHR and also directly reflects the agreement that the PUCCH power is prioritized and remaining power can be used by PUSCH in case of concurrent PUCCH and PUSCH transmission. It can be observed that equation (3) directly provides how much dB can be increased or should be decreased relative to current PUSCH transmission power after deducting the PUCCH power, which can be used by eNB directly for PUSCH power control. However, in the CR to introduce LTE-A features[2], the equation (2) is captured to calculate the type 2 PHR. Though this equation can resolve the ambiguity, it is unclear how eNB can serves for PUSCH scheduling well with this type 2 PHR. 
The type 2 PHR calculated from equation (2) is a power ratio of the nominal power Pcmax referenced to the sum of current PUCCH and PUSCH transmit power, which gives the eNB information that how much power in scale with the sum of current PUSCH and PUCCH power is remained while the power adjustment in dB for PUSCH scheduling is in scale with current PUSCH power according to PUSCH PC equation, so eNB can not directly use this PHR and needs to derive how much PUCCH/PUSCH power contributes to total UE transmit power for more accurate PUSCH scheduling, otherwise the PUSCH scheduling is conservative (positive PHR) or risky (negative PHR), i.e. the UE transmit power may be not fully used for PUSCH scheduling or the UE transmit power is not reduced enough in case of power scaling down. E.g. Pcmax=23 dBm, (PUCCH+PUSCH)=20dBm, then the type 2 PHR = 3dB according to the first equation, but the power adjustment for PUSCH can be more than 3dB actually, or Pcmac=23dBm, (PUCCH+PUSCH)=26dBM, then the type 2 PHR = -3dB, even if the PUSCH power is reduced by -3dB according the reported -3dB PHR, the UE transmit power still exceeds the maximum value.
From our perspective, the reason to introduce type 2 PHR is the MPR uncertainty so type 2 PHR is individually reported for PUSCH scheduling in case of simultaneous PUSCH and PUCCH transmission. But equation (2) still suffers from the MPR uncertainty while equation (3) is in line with the purpose of type 2 PHR without the need of knowledge of MPR. Hence, RAN1 should further clarify how to use type 2 PHR based on the captured equation for PUSCH scheduling in case of simultaneous PUSCH and PUCCH transmission, given the captured equation is the agreement. 
2.2. Per UE PHR

During the email discussion after RAN1 #59bis meeting, a CC-specific max power 
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were agreed to be defined. 
As already pointed out by [3], CC-specific PHR cannot provide the eNB with the information on how close the UE is actually operating to its UE-specific max power. It should be noted that this problem may not exist for single-CC transmission if the following assumption holds
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So the discussion below focuses on multi-CC transmission case.To avoid this problem, so long as each CC-specific max power meets the requirement that
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, the total UE transmit power would not exceed the UE-specific max power, accordingly power scaling across CC is not needed. However, this restriction is not suitable according to RAN4’s LS reply [4] that the CC- specific max power should be the same regardless of the number of component carriers supported, such that the link budget of a carrier aggregation capable UE type is not affected in the single carrier operation mode.
Given the independence of the UE-specific max power and the CC-specific max power, some mechanism may be needed to enable eNB to get the information on how close the UE is actually operating to its UE-specific max power to avoid PUSCH scheduling which results in power scaling. A few contributions [3]

 REF _Ref269738524 \r \h 
[5]

 REF _Ref269738526 \r \h 
[6] have discussed this problem and an offline discussion has been taken during RAN1#62 meeting.. 
One straightforward solution presented in [3] is to introduce a UE-specific PHR on top of CC-specific PHR if UE operating in multiple CC mode. The UE-specific power headroom
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where, 
[image: image20.wmf])

(

UE

i

P

is the sum of the estimated power of each physical uplink channel on all scheduled UL CC, including PUSCH and PUCCH. 
An alternative solution is to report the MPR ("actual power reduction" set by UE implementation) to eNB since eNB can not exactly know how close UE is operating to its UE specific Max_Power and can not know the power distribution across the CCs based on CC specific PHRs is due to the uncertainty of "actual power reduction". Intuitively this information seems useful to eNB to facilitate the scheduling. However, given the actual power reduction is dynamic changed, the usefulness of this additional information is questionable because this value may be inappropriate for next UL scheduling, so it is inevitable that eNB has to conservatively do UL scheduling with a relatively reasonable assumption on MPR/AMPR based on the values defined in RAN4 trying to avoid power scaling,  once eNB predicted that actual power reduction will be changed, e.g. contiguous PUSCH transmission followed by non contiguous PUSCH transmission. In addition, in case of multiple PA, it is also unclear how this approach works because eNB does not know the linkage between PA and corresponding CCs.
The necessity of the above reports besides CC-specific PHR boils down to how accurate the eNB can estimate the MPR set by UE implementation, which needs RAN4 input. However, regardless of how accurate the actual MPR estimation is at eNB side and how much the above reports are helpful to UL scheduling, it is no doubt that eNB at least should be aware of whether UE is in power scaling down or not. In our point of view, even if eNB can make a proper assumption on actual MPR set by UE to avoid power scaling down in most case, additional power status information is still necessary to inform eNB when power scaling down occurs at UE side due to inaccurate MPR estimation/improper scheduling in some case. Hence the negative per UE PHR seems more meaningful and the signalling overhead is negligible because per UE PHR can be only triggered when total transmit power exceeds the UE specific Max_Power. That is to say, the functionality of per UE PHR is just to inform eNB that how much the total transmit power is exceeded to UE's max power other than how much the total remaining power is. Once per UE PHR is received, the eNB should adjust the corresponding PUSCH scheduling based on new assumption on MPR set by UE. It can be expected that the MPR assumption set by eNB can converge on the "actual power reduction" set by UE after some time. 
All in all, complementary PHR mechanism needs further discussion with RAN4 input, but at least per UE PHR triggered only when power scaling down occurs is considerable and beneficial for UL scheduling. 
3. Conclusions

In this contribution, two PHR issues for carrier aggregation in LTE-A were discussed. Based on the discussion, the following suggestions are summarized:

· The equation (3) in section 2.1 is in line with the purpose of PUSCH scheduling. If the current captured equation (2) in the LTE-A CR is the agreement, RAN1 should further clarify how to use type 2 PHR based on the captured equation for PUSCH scheduling in case of simultaneous PUSCH and PUCCH transmission.  

· Complementary PHR mechanism needs to be further discussed. At least, it is considerable that per UE PHR is triggered only when power scaling down occurs to indicate the status to eNB, i.e. only negative per UE PHR is reported. 
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