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1. Introduction

During RAN2 #70bis meeting RAN2 asks RAN1 to clarify the concerns on the currently agreed per-CC PHR for CA and evaluate the necessity of providing additional information, i.e. per-UE PHR ‎[3].
There have been also some discussions both in RAN1 and RAN2 on the need to report power headroom (PH) information for component carriers (CCs) and channel types which are not scheduled in the corresponding TTI. This issue is also referred to as “virtual” PHR since the UE needs to use a “virtual” reference transmission format in order to calculate the corresponding PH.
In this contribution we try to address the remaining open issues on PHR: 
· The need for per-UE PHR.
· The need for “virtual” PHR.
2. Need for per-UE PHR 
In order to emphasize the need for per-UE PHR in Rel’10, in this contribution we focus on an example with uplink carrier aggregation of two contiguous CCs, as illustrated in Figure 1. However, the presented discussions and conclusions can be extended to an arbitrary number of CCs, as well as to the case of non-contiguous CA. 
Using either Type 1 or Type 2 CC-specific PHR agreed in RAN1#61 ‎[1], the eNB might not have enough information to determine how close the UE is actually operating to its UE-specific maximum transmission power. For example, the UE could be operating with positive PH on both CCs while exceeding the UE-specific maximum transmission power (PPowerClass). On the other hand, the eNB is not able to detect this since the power reduction actually applied by the UE is unknown at the eNB. In other words, the eNB does not know the absolute power level relative to which the UE calculates the per-CC PHR. 
In the discussion on the need for per-UE PHR, some companies’ argument has been that the maximum power reduction (MPR) to be applied by the UE will be standardized by RAN4 and included in 36.101, and could be used to derive per-UE PH information from per-CC PHR. However, our understanding is that the actual power reduction to be applied at the UE depends on the UE implementation, and as such is unknown at the eNB. Moreover, RAN4 will not standardize MPR values for each possible uplink transmission format. One standardized MPR value will likely “cover” a wide range of uplink transmission formats. This will open for the possibility to differentiate UE implementation so that “good” terminals will be able to transmit with higher transmission power given a specific uplink transmission format.
Without per-UE PHR the eNB has to make an assumption on the power back-off at the UE. eNB can do the scheduling so that it only tries to keep CC-specific PHR  non-negative. In this case there is a risk that for some UEs, maximum power limit set by the UE power class is exceeded. UE then has to do power scaling and eNB is not aware of that. Another approach is that eNB applies some safety margin in the CC-specific PHR. For example in the case of four CCs, eNB could require that CC-specific PHR needs to be bigger than +6dB. However, all the UEs do not necessarily need that kind of margin and their capabilities are not fully utilized in this case. Without per-UE-PHR, scheduling can not be optimal for all the UEs i.e. for both  UEs that require large back-off and UEs that can manage with small (or zero) back-off 

Notice that the difference in terminal implementation is not the only issue here. Another important problem is the “coarse” granularity of MPR values standardized by RAN4 i.e. there may be only one value per aggregated channel bandwidth which in most of the cases will introduce a significant difference between the MPR defined in RAN4 and the power back-off actually applied at the UE. Such wide range of MPR values has already been discussed in RAN4 ‎[4] and is primarily due to the multi-cluster nature of uplink transmission in Rel’10. This is also the main difference to be taken into account when standardizing PHR for Rel’10 compared to the standardization of PHR for multi-carrier HSPA.
For all the above-mentioned reasons we believe it is necessary to introduce per-UE PHR to indicate to the eNB how close the UE is actually operating to its UE-specific maximum transmission power. Per-UE PHR formula could be could be standardized as follows:
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P̃PUSCH,j(i) and P̃PUCCH(i) are calculated based on the following definitions ‎[2]:
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If PUCCH is transmitted on the PCell:
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Otherwise:
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In (1), PPowerClass is the UE-specific maximum transmission power, while N is the number of simultaneously transmitted CCs.

Proposal 1a: RAN1 should agree on the necessity to include per-UE PHR and notify RAN2 of this decision. 
Proposal 1b: RAN1 should agree on the specific per-UE PH formula in (1), and report its decision to RAN2.
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Figure 1: Example of uplink transmission in case of carrier aggregation in LTE-Advanced
3. Need for “virtual” PHR
In the discussion on “virtual” PHR we differentiate between two cases:

· By “virtual” PUSCH (Type1) PHR we refer to the case where the UE needs to report Type1 PHR for a CC not being scheduled on the corresponding TTI
· By “virtual” PUCCH (Type2) PHR we refer to the case where the UE needs to report Type2 PHR even if PUCCH is not transmitted in the corresponding TTI
Concerning “virtual” PUSCH PHR, RAN4 has indicated in ‎[5] that when the power back-off  on one CC is determined transmissions on other CCs need to be taken into account. However, if the UE needs to report the PH for a CC which is not transmitted in the corresponding TTI, not only a reference transmission format needs to be defined, but also it must be specified whether the UE should calculate the PH for the “virtual” CC assuming:

· The power back-off value is determined based on the scheduled uplink transmission format in the corresponding TTI

· A fixed/constant power back-off value is always used for “virtual” PHR
· The power back-off value is determined assuming the UE is transmitting with the scheduled transmission format on the scheduled CC(s), and with the reference transmission format on the “virtual CC.
Option 3 significantly increases UE complexity since multiple power back-off values per TTI need to be calculated. Option 1 and 2 would probably be the most straightforward solutions. 
Observation 1: if introduced, “virtual” PHR will be calculated assuming that the power back-off is determined based on the scheduled uplink transmission format in the corresponding TTI, or a fixed/constant/standardized power back-off value.
However, since the UE is using a power back-off value corresponding to a different transmission format, “virtual” PHR cannot really be used when the initially unscheduled CC starts to be scheduled. As an example, consider the case where the UE has two activated CCs but is only scheduled on one at time instant t1. At t1 the CC-specific PH for both scheduled and non-scheduled CC is calculated based on a power back-off of e.g. 0 dB (corresponding to single-CC transmission). However, when simultaneously scheduled on both CC at time instant t2 the UE needs to apply a power reduction of e.g. 3 dB (which is unknown at the eNB). As it can be seen, “virtual” PH information at time instant t1 does not really bring any benefit at the eNB when performing radio resources allocation at time instant t2.
Moreover, the following arguments have been used in support of “virtual” PHR:
1. “Virtual” PHR can be used if the corresponding CC is later scheduled alone
2. “Virtual” PHR can be used for estimating path loss and accumulated TPC commands
However, we believe that that 1) is not a typical scenario with carrier aggregation (typical use-case should be when UE is simultaneously scheduled on multiple CCs and not intermittently scheduled on different CCs), while 2) is not very useful because of reliable TPC signaling and because path loss on SCells should be the same as on PCell (especially in Rel’10, when only uplink intra-band CA with single timing advance value is supported).
Similarly to what concluded for “virtual” PUSCH PHR, we believe that “virtual” PUCCH PHR when only PUSCH is scheduled cannot be used to perform radio resource allocation when both PUCCH and PUSCH are simultaneously transmitted.

Based on these considerations, we think there is no need to introduce “virtual” PHR in Rel’10 specifications. We therefore propose that RAN1 informs RAN2 on the impact that the power back-off actually applied by the UE has on the calculation of “virtual” PHRs, and consequently on the usefulness of the “virtual” PHR for the eNB scheduler.
Proposal 2: per-CC PHR is only transmitted for CCs with PUSCH transmission in the corresponding TTI. RAN2 should be informed of this decision.
Proposal 3: when configured to simultaneously transmit PUCCH and PUSCH on PCell, Type2 PHR should only be transmitted when PUCCH is actually transmitted. RAN2 should be informed of this decision.
5. Conclusion 
In this contribution we address remaining issues on PHR, more specifically the need for per-UE PHR and so-called “virtual” PHR. Based on the presented considerations we make the following proposals: 
Proposal 1a: RAN1 should agree on the necessity to include per-UE PHR and notify RAN2 of this decision. 

Proposal 1b: RAN1 should agree on the specific per-UE PH formula in (1), and report its decision to RAN2.
Observation 1: if introduced, “virtual” PHR will be calculated assuming that the power back-off is determined based on the scheduled uplink transmission format in the corresponding TTI, or a fixed/constant/standardized power back-off value.
Proposal 2: per-CC PHR is only transmitted for CCs with PUSCH transmission in the corresponding TTI. RAN2 should be informed of this decision.

Proposal 3: when configured to simultaneously transmit PUCCH and PUSCH on PCell, Type2 PHR should only be transmitted when PUCCH is actually transmitted. RAN2 should be informed of this decision.
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