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1 Introduction
Efficient UL scheduling together with a well performing UL link adaptation is essential to achieve high data rates and capacity in UL. This has and will be increasingly important for future cellular technologies due to changing user behaviours that generate a more balanced traffic load in UL and DL. 
For the eNodeB to take appropriate decisions when scheduling resources and assigning transport formats the UE needs to provide the scheduler with information. This type of information is classically called “Scheduling Information” (SI). In [1] the content of the SI is discussed based on what is available in the specifications for the WCDMA enhanced uplink (HSUPA);

· Buffer status

· UPH (Uplink Power Headroom)

· Happy bit

· Serving and Neighbour Cell Pathloss (TDD only) 
In this contribution we argue for the need to include the “Uplink Power Headroom” or similar report also for LTE. The buffer status and happy bit are treated in an accompanying paper [2]. 

2 Discussion
For efficient scheduling and transport format selection in the UL the eNodeB needs to have an estimate of the UE resource demands (buffer status). This is however not sufficient to select the appropriate resource allocation, the scheduler must also be able to select an appropriate transport format for a certain resource allocation. For this the scheduler needs to be able to estimate the UL link quality.
Two different approaches can be used when estimating the UL link quality. Either it is based on a true UL channel estimate or it is approximated with the DL link quality that is available from HO measurements and reports. The latter excludes the possibility to yield absolute frequency selective information of the UL link quality and can only serve as information on long-term channel variations. Therefore, UL scheduling based on DL gain estimates excludes the possibility for quickly adapting to the momentary channel variations in time and frequency due to multipath fading. Moreover, it also introduces unnecessary uncertainties when the UL and DL is not perfectly balanced. As a consequence the UL capacity, and an efficient usage of it, is reduced already in the standard.

To estimate the UL gain the eNodeB can measures the received power PRX,NB on some UL transmission in the e-NodeB and compares that with the transmitted power PTX,UE that the UE used for the transmission. This method can yield accurate and frequency selective information of the UL gain necessary for scheduling and transport format selection. This requires that the eNodeB has some knowledge of the UE transmit power. According to the discussions in RAN1 on UL power control [3] the UE transmit power is calculated according to a formula where the eNodeB has knowledge of all components in the formula except for the UE’s estimate of the DL pathgain. This means that it is sufficient for the UE to report the transmit power, power headroom or similar only when the UE’s estimate of the DL pathgain that is used for power control has changed. We suggest that the report is based on a RRC configured triggering condition that is based on a change in the DL pathgain estimate used for power control. In case of slow or stationary terminals where the DL pathgain estimate for power control does not change for a long time there is risk that the eNB looses track of the UE transmit power due to errors in the power control commands. Therefore, we suggest to complement the pathgain change trigger with an RRC configured periodic trigger. The report could be signalled using a MAC control element [4]. The report is only needed when there is on-going data transmission so it is suggested to be triggered only in combination with UL data. 
To measure the UL gain it is essential to be able to tie both the received power PRX,NB and the transmitted power PTX,UE to the transmission. In addition, this time reference also makes it possible for the scheduler to tie PTX,UE to a particular resource allocation. This implies that there must be a known time reference for the reported power. The most convenient would be to get the UE TX power transmitted in the same subframe as it is valid for. This should be possible as the UE TX power calculation must be complete when setting the output power for the subframe. However, it has to be certified that a report on that time scale would fulfill sufficient accuracy requirement, at least ±2dB accuracy is needed in the most important power region close to the maximum UE power.  Considering the successful efforts spent on assuring that SAR requirements are fulfilled in it can be expected that this uncertainty can be further decreased for LTE. 

An efficient resource allocation for high system capacity implies that the scheduled users operate close to or occasionally even with power limitation. This suggests reporting a power headroom rather that the transmit power. The reported value can in principle be either a total power value, in dBm, or a power spectral density (PSD) value, in dBm/RB. Considering that it is convenient for the scheduler and link adaptation to work with PSD there is a preference for PSD, however, one quantity can easily be transformed into the other as the time for the report is known and thereby the size of the transmitted resource allocation. The reported value is foreseen to transmit a momentary value without any filtering in time but should only be transmitted with a time interval of a couple of hundred ms or even up to a second.
3 Proposals

Proposal 1: A UE Tx power report is transmitted as a MAC control element.
Proposal 2: The UE Tx power report should represent the transmitted power in relation to the maximum available power according to the UE category.

Proposal 3:  The report is transmitted in the same subframe as it is valid for.
Proposal 4: The triggering conditions are configured through RRC. Both event triggered and periodic triggering should be considered. 
4 Conclusion

To provide efficient scheduling and transport format selection for the LTE uplink the eNodeB must be able to estimate the UL link quality. We argue that a UE power headroom or similar report is needed to provide the eNodeB with sufficient information. We suggest that the UE power headroom report is transmitted based on RRC configured triggering conditions and is that is transmitted as a MAC control element. 
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