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1 Introduction
In this Tdoc, we first explain the benefit of providing additional information on UE remaining power over only Per CC PHR
. With only Per CC PHR, eNB has to use the most conservative MPR and can not find out the power scaling immediately.

The next question is whether the extra complexity introduced by additional reporting justifies the gain. In general, optimal solution, e.g. to signal full MPR information, causes too much overhead and is not realistic. However, suboptimal alternatives can provide sufficient information with limit overhead.
While waiting for the final decision from RAN1, this Tdoc reveals protocol design concern for RAN2’s information in advance.

2 Discussion
Benefit of additional information

In Rel-8/9, the main purpose of PHR is to provide eNB information on how to do resource allocation within the transmission power limitation (TPL) of a UE. The information of PHR is in the form of the difference between maximum power and the estimated power for PUSCH transmission, eNB can also implicitly obtain information on pathloss change and TPC error.

In Rel-10, with the introduction of carrier aggregation (CA), the TPL of a UE needs to consider more restrictions in addition to the ones in Rel-8/9 [5]. For a Rel-10 UE in CA, the maximum transmission power is limited by:
· UE level limitation

To avoid the total UE transmission power exceeds the UE power class.

We define PMAX_UE is the UE-configured maximum transmit power of the UE, then 
PPowerClass－ TC ≦ PMAX_UE ≦ PPowerClass,
where the UE configures the value of PMAX_UE based on the capability of the duplex filter.  

· PA level limitation

In Rel-10, a PA can support multiple CCs. Restriction should be applied to avoid the PA operating at non-linear region or with sidelobe leakage violates out-of-band emission regulation.
We define PMAX_PA,j is the UE-configured maximum transmit power of the j-th PA; MPRPA,j is the MPR of the j-th PA according to the current resource allocation; if multiple carriers are transmitted from one PA, the MPR shall be determined based on the RBs allocation pattern from all the CCs; A-MPRPA,j is the additional MPR of the j-th PA.
The UE-configured maximum transmit power is bounded by 

PPowerClass－ MPRPA,j － A-MPRPA,j－ TC ≦ PMAX_PA,j ≦ PPowerClass,
where PPowerClass  is the power class of the UE. The UE configures by itself the value of PMAX_PA,j in the range indicated above based on the capabilities of the j-th PA and the duplex filter.  

· CC level limitation

To avoid the transmission power on a CC exceeds the broadcasted limitation due to inter-cell interference.
We define PEMAX,i is the maximum allowed power of the i-th CC configured by higher layers; PMAX_CC,i is the UE-configured maximum transmit power of the i-th CC. This parameter has the same meaning as “P_cmax,cc” in the previous RAN1 agreement. The reason we use PMAX_CC,i instead of P_cmax,cc is to maintain a consistent rule of notational usage. Then,
PEMAX,i －TC ≦ PMAX_CC,i ≦ PEMAX,i,

where TC = 0dB or 1.5dB depending on whether the current transmission bandwidth is at the band edge. The UE configures the value of PMAX_CC,i in the range indicated above based on the capability of its duplex filter.  
In Rel-8/9, we only have 1 CC and 1 PA, and the maximum transmission power PCMAX is calculated by considering all these restrictions [1]. In Rel-10, RAN1 has made generalization on the maximum transmission power for a CC to PCMAX,cc1, however, it only carries CC level limitation and maybe some PA level limitation (assuming RAN4 defines new MPR tables for multiple CC transmission). These generalized Per CC PHRs, calculated by PCMAX,cc, carry no information on UE level limitation.
In the following discussion, for those limitations can be provided by generalized Per CC PHR, it is referred as basic information, for those necessary limitations cannot be provided by generalized Per CC PHR, it is referred as additional information. In order to be able to make sure resource allocation on CCs not exceed UE total transmission power, eNB has to know limitations at all levels, or in other words, both basic and additional information are necessary for proper resource allocation.
For eNB to know all limitation, one alternative is for UE to provide these addition information. Another alternative without UE reporting is for eNB to use a conservative assumption for MPR, i.e. apply the largest value in MPR table. 
The benefits of UE providing additional information over eNB conservative assumption are:

· In Fig.1, the operating range of eNB conservative assumption is area A. By providing additional information, it enables eNB to operate a UE also in area B. In general, multiple CC transmission is used in cell center when eNB would like to allocation large number of PRBs to handle data burst at UE. Therefore, it is very likely that eNB would like to operate the UE at near maximum transmission power, assuming the maximum MPR has the effect to decrease peak data rate. Moreover, by assuming conservative MPR actually makes CA less attractive, i.e. due to the conservative assumption, the number of PRB a eNB can allocate for multiple CC transmission may be smaller than the number for single CC transmission.

· The generalized Per CC PHR is reported according to real MPR (PHR1 and PHR2 in Fig.1). In CA, eNB could mistake the operating point of a UE, e.g. eNB assumes a UE operates at point y, but in fact the UE operates at point x in Fig.1. There is difference between the real remaining power at the UE and the estimated remaining power at eNB. This confusion makes the eNB more likely to allocate resource that would exceed UE transmission power limitation and increases the chance of power scaling.

· Without additional information, eNB also does not have a direct mean to detect power scaling. It can only implicitly find out the problem after monitoring the UE for a period of time.
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Figure 1: Illustration of operating area
Therefore, the gain of providing additional information is obvious, e.g. improve peak data rate, decrease the chance of power scaling, and even to avoid power scaling in advance. The next question is whether the additional information can be provided with small overhead and little extra complexity, in other words, whether a solution with good tradeoff between complexity and gain can be found.
Alternatives to provide additional information

The optimal solution is to provide complete power reduction information (MPR, A-MPR) of a UE. This would give eNB full information and completely eliminate the need of speculation. However, the overhead of such optimal solution is significant, since the power reduction varies with grant assignment (number of PRB and modulation). Also, eNB has to acquire and maintain such information for each Rel-10 UE. The optimal solution is not practical.

Actually, considering other estimations in power control, e.g. pathloss, complete information on MPR is not really necessary, suboptimal solutions to provide sufficient information with small overhead is more realistic. These suboptimal solutions could provide sufficient information and allow eNB to operate a UE in most point in area B (Fig.1) confidently.
Method 1: Per UE PHR[2]

 REF _Ref273653125 \r \h 
[3]
· Per CC PHR for each CC plus Per UE PHR; the PA/CC configuration of the UE is unknown to the eNB.
Addition information on the difference of the summation of estimated PUSCH transmission power and the total transmission power is reported by the UE. For the estimated transmission power of each PUSCH, it is calculate by the same way as Rel-8/9[1]

 REF _Ref273653575 \r \h 
[4] with generalization. This information could be sent along with the Per CC PHR.
The reporting scheme of this method implies that all additional PA-level and UE-level TPLs should be combined into a new UE-level TPL. Assume there are p PAs in the UE, and they are labeled as PA1,..., PAp. For PAj (1 ≦ j ≦ p), m(j) number of CCs are served; we label these CCs as CCj(1),...,CCj(m(j)). Then, the corresponding TPLs are given as

PCC,j(1) ＋... ＋ PCC,j(m(j))  ≦ PMAX_PA,j,    for 1 ≦ j ≦ p.

Assume there are n active CCs in the UE, i.e. CC1 to CCn. The p TPLs and the UE level TPL become redundant if the following TPL is imposed

PCC,1 ＋... ＋ PCC,n  ≦ min(PMAX_UE, PMAX_PA,1, ..., PMAX_PA,p). 

Then, all Per PA and Per UE PHRs can be replaced with the new Per UE PHR of

PHR*UE＝ min(PMAX_UE, PMAX_PA,1, ..., PMAX_PA,p) －the sum of transmit powers of all CCs in the UE.

As to the Per CC PHRs, they are kept the same as those described in the complete PHR signalling.
Method 2: Conservative Per CC PHR
· Only Per CC PHR for each CC is reported; the PA/CC configuration is known to the eNB.
If the eNB knows exactly the values of PMAX_CC,i’s configured by the UE, the eNB can obtain the UE transmit power at each CC from Per CC PHRs. The question is how the eNB can know these UE-configured values. One solution is that the UE always configures each PMAX_CC,i using its lower bound; in so doing, the eNB can derive the UE-configured PMAX_CC,i by the values of MPR, A-MPR, and TC defined in the specifications and PPowerClass and PEMAX,i configured by higher layers. Since the PA/CC configuration of the UE is known to the eNB, the eNB knows all TPLs at UE, PA, and CC levels that shall be obeyed. Thus, the eNB can allocate RBs to the UE accordingly.
In other words, when Per CC PHR is reported for multiple CC transmission, instead of using the real MPR, the UE use the maximum MPR to prepare the Per CC PHR. This allows eNB to better estimate the operating point of a UE and makes proper resource allocation.

In Table 1, we analyze the overhead of RAN1/2 for each solution.
	
	RAN1
	RAN2

	Per UE PHR
	Define new equation to calculate Per UE PH.
Assumption current PH table can be reused, no need to define new PH table.
	Define new PHR format to include Per UE PHR.

Modify procedure to include new triggers, e.g. CC addition, etc.

	Conservative Per CC PHR
	Modify equation to calculate Per CC PH in multiple CC transmission.
Assumption current PH table can be reused, no need to define new PH table.
	Modify procedure to include new triggers, e.g. CC addition, etc.


Table 1: Comparison of solutions
On the new triggers for the Rel-10 PHR, following triggers were mentioned in various papers:

· SCell addition;

· Negative UE remaining power, i.e. power scaling;

· MPR change over a threshold.

These triggers provide much needed information at SCell addition or power scaling. We believe by including these triggers could complete the LTE-A PHR mechanism.
3 Conclusion
In this paper, the need for additional power headroom information, in addition to the Per CC PHR, was discussed. It was shown that Per CC PHR only mechanism is insufficient for the eNB to get the total UE power status. Therefore, two suboptimal methods of efficient PHR signalling scheme were proposed. From RAN2’ perspective, the gain of those methods justifies the extra overhead and complexity. Based on the information revealed in this paper, we propose that

Proposal:
There are real benefits to provide additional information and simple solutions are available. It is proposed to adopt one of them to improve PHR in Rel-10.
Identical proposal is also submitted to RAN1 for discussion and decision. This paper is mainly for RAN’2 information on the problem and potential solutions.
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� In RAN1#61, it was agreed that for each UL CC, the PHR include the following two types:


Type 1 PHR is computed as: Pcmax,cc minus PUSCH power,


Type 2 PHR is computed as: Pcmax,cc minus PUCCH power minus PUSCH power.
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