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1. Introduction

In RAN1#61bis, an LS was received from RAN2 to clarify the concerns on the current agreed CC specific PHR for CA. RAN1 is further asked to evaluate the necessity of providing additional information, i.e. per UE PHR [1]. This contribution discusses how to use per CC PHR at eNB for PUSCH scheduling, according to the current agreements. In addition, enhanced PHR schemes are proposed to provide more precise power headroom for eNB.  
2. On the need of per UE PHR 

In LTE Rel-8, the UE maximum output power is specified as the following [2]
The UE is allowed to set its configured maximum output power. The measured maximum output power PCMAX shall be within the following bounds:

PCMAX_L  –  T(PCMAX_L)  ≤  PCMAX  ≤  PCMAX_H  +  T(PCMAX_H) 

Where

· PCMAX_L = MIN { PEMAX_H – TC,  PPowerClass – MPR – A-MPR –TC}

· PCMAX_H = MIN {PEMAX_H,  PPowerClass}


· T(PCMAX) is defined by the tolerance table below and applies to PCMAX_L and PCMAX_H separately

· PEMAX_H  is the value given to IE P-Max, defined in TS 36.331.  

· PPowerClass is the maximum UE power specified in TS36.101, only power class 3 (23dBm) is defined in Rel-8
· TC  is defined as additional 1.5dB lower power tolerance reducing when UE is transmitting at carrier edge
The value of MPR varies according to the modulation order as in Table 1 [2]. A-MPR is defined to meet the additional ALCR and spectrum emission requirements for the certain deployment scenarios [2].
Table 1: Maximum Power Reduction (MPR) for Power Class 3

	Modulation
	Channel bandwidth / Transmission bandwidth configuration (RB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


Rel-10 carrier aggregation only supports UE power class 3 with 23dBm. Furthermore, the following are agreed [3] in RAN4, while the definition of MPR and A-MPR in case of multi-carrier transmission is FFS.
· For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all CCs (per UE)

· LTE REL-8/9 maximum output power requirements are adopted
In RAN1#61, definition of per CC PHR is agreed and MPR is taken into account for determining PCMAX. It is understood that the MPR/A-MPR shall include MPR/A-MPR caused by non-contiguous PUSCH resource allocation, simultaneous PUSCH and PUCCH transmission, as well as MPR/A-MPR caused by UE transmitting on multiple uplink CCs. 
With above agreements, per CC PHR can be used for uplink scheduling or pathloss estimation. It is argued in [4][5] that per CC PHR is not sufficient for PUSCH scheduling since the total remaining power headroom for the UE (i.e. UE PH) cannot be obtained by eNB. A UE PHR, defined as UE maximum output power minus the total actual transmitting power on the multiple UL CCs, is thus proposed. With the proposed UE PHR, eNB can obtain how much transmit power is left on a UE basis. It is noted that power scaling is not assumed in Figure 1 for simplicity.
In our view, the UE PH can be estimated by eNB even without requiring UE reporting it. Taking Figure 1 as an example, with per CC PHR, eNB knows PH on each of the UL CCs, i.e. PH_1 and PH_2. The UE PH then can be calculated as following:
UE PH = P-Max – P_1 - P_2
P_1 = MIN{P-Max, PUEMAX_1} – PH_1 – MPR_1 – A_MPR_1

P_2 = MIN{P-Max, PUEMAX_2} – PH_2 – MPR_2 – A_MPR_2
Where

· P-Max is determined by UE power class, which is 23dBm

· PUEMAX_1 and  PUEMAX_2 are configured by eNB
· PH_1 and PH_2 is reported to the eNB by per CC power headroom reporting

· MPR_1 and MPR_2 can be roughly estimated by eNB from the MPR requirements for different modulation order, resource allocation, etc., from RAN4 specifications. RAN4 has indicated the range of MPR in Rel-10 could be significantly larger than that in Rel-8 due to simultaneous transmission of PUSCH and PUCCH, non-contiguous PUSCH resource allocation, or simultaneous transmission on multiple UL CCs [6]. It is likely RAN4 will specify the maximum allowable MPR value for a set of typical transmission combinations (e.g. modulation order or uplink resource allocation), which allows eNB to roughly estimate the MPR on each UL CC according to current scheduling decision.
· A_MPR_1 and A_MPR_2 are obtained from RAN4 specification
Since all parameters required in calculating UE PH can be obtained by current reporting schemes or estimated by eNB, UE PH reporting is therefore not needed. Regarding MPR, eNB can only make a rough estimation since RAN4 specification shall not cover MPR requirements for all possible UL transmission combinations. On the other hand, such MPR estimation error cannot be resolved by per UE PH reporting either, since MPR can be different for different UL scheduling decisions. Hence, we have the following proposal:
Proposal 1: Per UE PH reporting is not necessary in addition to per CC PHR.
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Figure 1: Example of per UE PHR definition

3. Enhanced PHR schemes
As stated in section 2, different UL scheduling decisions could result in significantly different MPR values, which may not be accurately estimated by eNB due to the wide range of MPR values in Rel-10. It is likely RAN4 can specify MPR requirements for a set of typical UL transmission combinations. However, the actual MPR value is much more related to UE implementation. Therefore, the power headroom reported in subframe i cannot be directly used in a later subframe k, if the MPR values in the two subframes are different due to different scheduling decisions, as illustrated in Figure 2. eNB implementation can estimate the MPR value conservatively or aggressively, which will cause inefficient power usage or power scaling at the UE side and consequently decreases the system performance. In addition, due to the larger dynamic range of MPR in Rel-10, such performance degradation shall be more significant than Rel-8.
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Figure 2: Impact of UL scheduling with MPR change

Several solutions can be considered to optimize MPR estimation at eNB. For example, UE can report PCMAX together with power headroom to eNB. With this scheme, eNB can accurately know and record the current PCMAX , and use it for more precise power headroom derivation in later subframes.

Alternatively, some new PHR triggering mechanism, in addition to the current PHR triggering based on pathloss change or timer, can be introduced in Rel-10. For example, eNB can trigger power headroom reporting from the UE by MAC CE, or UE itself can trigger power headroom reporting when MPR change is above a certain value. With such new PHR triggering mechanisms, eNB can obtain more accurate power headroom for UL scheduling.

Proposal 2: Enhanced PHR schemes can be introduced in Rel-10, including UE reporting PCMAX to eNB or new PHR triggering mechanisms.

4. Conclusions

In this contribution, PHR related issues are discussed. We currently have the following proposals:
Proposal 1: Per UE PH reporting is not necessary in addition to per CC PHR.

Proposal 2: Enhanced PHR schemes can be introduced in Rel-10, including UE reporting PCMAX to eNB or new PHR triggering mechanisms.
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