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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

· MPR is taken into account

· The following will not be discussed further in RAN1 unless requested by RAN2:

· triggers for PHR

· whether the two types of PHR are always sent in the same subframe or in different subframes

· number of bits used for PHRs

· which CC the PHRs are sent on 

· If RAN2 decides that the Type 2 PHR can be derived for subframes where PUCCH is not actually transmitted, PUCCH Format 1A is used as the reference format. 

· When Type 2 PHR is derived for subframes where PUCCH is transmitted, the PUCCH format used for PHR Type 2 is the PUCCH format actually transmitted. 
And during RAN2 #70bis meeting, the following aspects of the PHR procedure have been agreed:
· There shall be one dl-PathlossChange parameter per UE.

· There shall be one periodicPHR-Timer timer per UE i.e. only 1 value configured, and only 1 timer running in the UE valid for all CC's
· It shall be allowed to transmit a PHR report on any UL CC, e.g. PHR of CC1 can be sent on CC2.
· Only one prohibitPHR-Timer value is configured. FFS if we have a timer running per CC or for the UE as whole.

· When PHR report is triggered, PHR is reported for all configured CC's. 

· FFS if further restricted by UL CC activation 

· FFS how we define a virtual/ref format
FFS if the network should further be able to restrict the PHR reporting by excluding PHR reporting for certain CC's.
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 document, we focus on the following questions:
· the definition of type 2 power headroom

· the definition of virtual type 1 power headroom with PUSCH reference format 

· the need of per UE PHR
2. Discussion 

2.1. Type 2 power headroom
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. 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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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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 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 stated in [2], considering CC-specific power headroom information is only needed for PUSCH scheduling, equation (3) is more straightforward for type 2 PHR definition and in line with that purpose. It coincides with the power scaling rule that PUCCH power is prioritized and remaining power can be used by PUSCH.

Besides, there is one problem with type 2 power headroom reporting when eNB uses it for PUSCH scheduling. As defined in TS36.213, the setting of actual PUCCH transmit power also depends on the actual PUCCH format through two PUCCH format dependent parameters 
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. Between PUCCH format 1/1a/1b and 2/2a/2b in Rel-8, the power difference brought about by 
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 is up to approximately 4.4dB for normal cyclic prefix and 5.1dB for extended cyclic prefix. Since 
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 , which is set by UE itself taking the MPR into account, cannot be known by the eNB, when type 2 power headroom 
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 in subframe i is used for the scheduling of PUSCH in subframe i+n, the power difference between
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 caused by e.g. PUCCH format change cannot be precisely taken into account for PUSCH scheduling although the eNB knows that PUCCH format has changed and then PUSCH power should be adjusted accordingly. That is because eNB does not know the power consumption contributed by PUCCH to the type 2 PHR calculation exactly then cannot convert the power adjustment of PUCCH into PUSCH power adjustment. It should be noted that there is at least a new PUCCH format using DFT-S-OFDM in Rel-10. Whether the power difference between various PUCCH formats would expand further is FFS. Hence, it is better to study whether this issue is negligible or can be left to eNB implementation.
One solution to resolve this problem is to maximize PUCCH transmit power when type 2 power headroom is calculated, which means PUCCH format with the biggest format dependent value(s) is always assumed, no matter whether PUCCH is or is not actually transmitted and  no matter which PUCCH format is actually used.
The other solution is to leave this problem as an implementation issue to eNB, e.g. conservative PUSCH scheduling can be used if necessary. 

2.2. Virtual type 1 power headroom
For type 1 PHR, RAN2 has already agreed that when PHR report is triggered, PHR is reported for all configured or activated UL CCs. Then there are cases for certain CC(s) has no PUSCH transmission when PHR is triggered. Not considering type 2 PHR, UE reports type 1 PHR as below (Pcell + one Scell as an example):


[image: image21.emf]UL Pcell

UL Scell

dl-PathlossChange PHR

Pcell 

PHR

Scell

PHR

PUSCH 

transmission

PHR 

MAC CE

Pcell 

PHR

Scell

PHR

periodicPHR periodicPHR periodicPHR

T1

T2

(Case 4)

T3

(Case 6)

T4

(Case 5)

PUCCH 

transmission

Pcell 

PHR

Scell

PHR

Pcell 

PHR

Scell

PHR

periodicPHR-Timer


Figure 1: Example of power headroom reporting in case of carrier aggregation in LTE-Advanced
When PHR is triggered at the point of T2/T3/T4, at least a virtual type 1 PHR should be reported for non-scheduled UL CC based on RAN2 agreement, i.e. Scell/Pcell/Pcell. Whether a virtual type 2 PHR is needed for Pcell at T2/T3/T4 is undergoing discussion in RAN2.

A simple definition of virtual type 1 power headroom in subframe i, component carrier k is given as
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where 
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is assumed as PUSCH reference format. Whether MPR is taken into account is FFS. RAN1 is responsible for virtual PHR definition.
2.3. Per UE PHR

During the email discussion after RAN1 #59bis meeting, a CC-specific max power 
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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 is needed to enable eNB to get the information on how close the UE is actually operating to its UE-specific max power. A few contributions [2]

 REF _Ref269734733 \r \h 
[3]

 REF _Ref269738524 \r \h 
[5]

 REF _Ref269738526 \r \h 
[6] have discussed this problem in RAN1. 
One straightforward solution presented in [2] 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, 
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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 redefine CC-specific PHR according to whether the power limitation is from the CC-specific max power or the UE-specific max power. It is a way without any additional signaling overhead but with more complexity. Besides, this way assumes that there will be no power change on the other CCs, which is not true most of the time.
The third way is to report negative power headroom value indicating how much power reduction is applied on the corresponding CC once power scaling occurs.

However, in our view, none of the above can be utilized directly by the scheduler on the eNB side. Power headroom information is used as the input of the scheduler for the purpose of PUSCH scheduling. And to our understanding, this kind of information had better to be used directly by the scheduler, just as that in Rel-8. In Rel-8, power headroom value is measured in dB. So it is actually a ratio of the configured max power (including MPR) to the estimated PUSCH transmit power in linear domain. According to it, the scheduler can scale up or down the PUSCH transmit power of the next scheduling. For carrier aggregation, power headroom information per CC should be combined together to enable the scheduler to make the appropriate scheduling decision easily and directly.
Since RAN2 has already agreed that when PHR report is triggered, PHR is reported for all configured/activated UL CC's, the power headroom information for each configured/activated CC, no matter scheduled or not, is available to the eNB. Then if the offset between the CC-specific/UE-specific max power signaled by the network and the actually used CC-specific/UE specific max output power set by the UE itself can be negligible or roughly estimated by eNB, or reported to eNB when needed (an alternative way is to report the ratio of the estimated PUSCH transmit power to the UE-specific max power  to eNB when needed), the eNB can be aware of how close the UE is actually to its UE-specific max power and then UE specific PR can be avoided (It is up to RAN4’s input).  
All in all, complementary PHR mechanism needs to be further discussed to provide some additional information related to the available UE power headroom.
3. Conclusions

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

· The type 2 PHR should be clearly defined by a unique equation in RAN1 and equation (3) in section 2.1 is in line with the purpose of PUSCH scheduling. The problem of type 2 PHR pointed out in section 2.1 needs further study to see whether it is negligible or can be left to eNB implementation.  

· Based on RAN2 agreement that when PHR report is triggered, PHR is reported for all configured or activated UL CCs, virtual PHR for non-scheduled CC needs to be defined in RAN1. 

· Complementary PHR mechanism needs to be further discussed to provide some additional information related to the available UE power headroom, e.g. Per UE PHR.
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