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1. Introduction

In RAN1 meeting #51bis in Sevilla it was agreed that the power headroom (PH) is calculated at the UE as the difference between the maximum UE transmit power and the PUSCH transmit power in the corresponding sub-frame set according to the PUSCH PC formula in [1]. Range and resolution of PH reports value still need to be specified.

Moreover, in RAN1 meeting #52 in Sorrento the reporting criteria for sending PH reports were agreed:

· a UE should send a PH  report after N correctly received closed loop PC commands
· if the path loss has changed more than X dB since the last PH  report
· if the UE power is close (< Y dB) to maximum UE transmission power
· if the time elapsed from the last PH report is > P TTIs

· In any case a PH report is not triggered if the time elapsed from last report is < K TTIs
N, X, Y, P and K are configurable parameters and include values to turn off the corresponding reporting criterion. Possible values of N, X, Y, P and K should be defined.
While the transmission format of PH reports is presented in [3], in this contribution we propose range and resolution of PH reports. In particular, we recommend that negative values of the power headroom are also reported to support power control, adaptive MCS and adaptive transmission bandwidth decisions at the eNode-B. Finally, values for the eNode-b configurable PH reporting parameters are also proposed.
2. Range and resolution of PH reports
According to the current agreement in standardization PH is calculated at the UE as: 

	PH = 10(log10 (PMAX) - PPUSCH,
	(3.1)


where PMAX is the maximum UE transmission power in mWatt and PPUSCH is the PUSCH transmission power in the corresponding TTI set according to the standardized power control formula in [1]:

	PPUSCH = min ( PMAX,  10(log10 M + P0 + α ( PL + MCS + f(i)) [dBm].
	(3.2)


In this way whenever the second term of the minimum function in equation (3.2) exceeds PMAX, PH=0dB is reported. Consequently the eNode-B knows that the UE has hit its maximum power capabilities, but cannot estimate how much the UE power budget has been exceeded. To overcome this limitation we propose to extend the current assumptions to also include reporting of negative values of the power headroom. This can be done by redefining the PH as:
	PH = 10(log10 (PMAX) - 10(log10 M + P0 + α ( PL + MCS + f(i).
	(3.3)


A more precise knowledge of how much a UE has exceeded its transmission power budget can be quite valuable for RRM algorithms such as closed loop power control, adaptive MCS and adaptive transmission bandwidth.
Based on these considerations and on the proposed formant for PH reports presented in [3], we propose:

Proposal 1: The power headroom is calculated at the UE based on formula (3.3). 6 bits are used to transmit PH reports. The PH range is [40; -23] dB with a resolution of 1 dB.

3. PH reporting parameters
According to the what proposed in [2] and subsequently agreed during RAN1 meeting #52 in Sorrento, a PH report is triggered: 

1. After N closed loop PC corrections have been (correctly) received by the terminal.

Proposal 2a: N is signaled using 2 bits. Proposed valued for N are [1, 2, 4 and (].

2. if the difference between the current and the latest path loss measurement is higher than a given threshold (X dB).

Proposal 2b: X is signaled using 2 bits. Proposed valued for X are [0, 1, 3 and (].
3. If the power headroom is smaller than a specified threshold value, e.g. the UE Tx power comes close (<Y dB) to its maximum possible value PMAX.
Proposal 2c: Y is signaled using 2 bits. Proposed valued for Y are [0, 1, 3 and (].
4. If the time elapsed from last transmission of a power headroom report is > P TTIs (periodic reporting).

Proposal 2d: P is signaled using 2 bits. Proposed valued for P are [100, 200, 1000 and (].
However, a PH report is NOT triggered:
5. if the time elapsed from the last PH report is < K TTIs (this criteria is introduced to limit the signaling overhead) 

Proposal 2e: K is signaled using 2 bits. Proposed valued for K are [0, 100, 200, 1000].
Proposal 2f: All these parameters are configured by the eNode-B using higher layer signaling (RRC).  
4. Conclusions

In this contribution we address PH reports for EUTRAN uplink. First we proposed to slightly modify the definition of power headroom in [2] to also include negative values of the power headroom. 
Proposal 1: The power headroom is calculated at the UE based as:

PH = 10(log10 (PMAX) - 10(log10 M + P0 + α ( PL + MCS + f(i),
where PMAX is the maximum UE transmission power in mWatt and 10(log10 M + P0 + α ( PL + MCS + f(i) is the second term of the minimum function in the standardized power control formula in [1]. 6 bits are used to transmit PH reports. The PH range is [40, -23] dB with a resolution of 1 dB.
Secondly, we proposed possible values for the PH reporting parameters discussed in [2] and agreed during RAN1 meeting #52 in Sorrento.
Proposal 2a: N is signaled using 2 bits. Proposed valued for N are [1, 2, 4, (].
Proposal 2b: X is signaled using 2 bits. Proposed valued for X are [0, 1, 3, (].
Proposal 2c: Y is signaled using 2 bits. Proposed valued for Y are [0, 1, 3, (].
Proposal 2d: P is signaled using 2 bits. Proposed valued for P are [100, 200, 1000, (].
Proposal 2e: K is signaled using 2 bits. Proposed valued for K are [0, 100, 200, 1000].
Proposal 2f: All these parameters are configured by the eNode-B using higher layer signaling (RRC).
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