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1. Introduction
Well performing UL link adaptation together with an efficient scheduler 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 behaviors that generate a more balanced traffic load in UL and DL. 

UL link adaptation is based on an UL gain estimate and there are two main ways for the network to estimate that gain. The most accurate way is to measure the received power PRX,NB on some UL transmission in the e-NodeB and compare that with the transmitted power PTX,UE of that particular transmission. Only in this way can accurate and frequency selective information on the UL gain be obtained and this is one of the prerequisite for accurate link adaptation. An alternative way to estimate the UL gain is to assume that it is the same as the DL gain. For FDD this can naturally not generate any frequency selective information of the UL gain and limits the possibility for the link adaptation to operate on pathloss changes only. Thanks to the UL and DL reciprocity in TDD also frequency selective information can be obtained although the interference will change and that is a crucial and limiting factor for UL transmission. Using the DL gain as input for UL link adaptation also assumes well balanced UL and DL, which is not always the case. 

This contribution proposes an absolute measurement containing a report of the transmitted UE power per resource block. Such a report will work as a power reference for PTX,UE to measure the UL gain. Depending on the choice of power control, which is not yet decided, it is also possible to derive the DL gain from the UE TX power. This holds as long as the UE is not power limited. 

2. Discussion

Two different approaches can be used when choosing the UL gain input for the link adaptation. Either it is based on a true UL gain estimate or the UL gain is approximated with the value for the DL gain. The latter excludes the possibility to yield absolute frequency selective information of the UL gain and can only serve as information on pathloss, more precisely the DL pathloss. This restriction becomes important when the UL and DL is not perfectly balanced. Therefore, UL link adaptation based on DL gain estimates excludes the possibility for adaptation on multipath fading it also introduces unnecessary uncertainties. As a consequence the UL capacity, and an efficient usage of it, is reduced already in the standard.

To estimate the UL gain the e-NodeB measures the received power PRX,NB on some UL transmission in the e-NodeB and compare 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 link adaptation operating on a time scale able to track multipath fading. 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 and thereby get feedback on that it was not too large, causing power limitation in the UE. This implies that there must be a known time reference for the reported UE TX power measurement. 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. 

It is worth mentioning that if the UL power determined by the power control formula is a function of the received power in the UE PRX,UE also the DL gain can be deducted from the UL TX power measurement under the circumstances that the value of all other parameters are known by the system and the UE is not power limited. What will happen in case of power limitation for different resource allocations is illustrated in Figure 1. 
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Figure 1
: Difference between desired and actual total power for power limited UE

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. It is desirable that the granularity of the measurement reflects the fact that a power setting close to the UE max power has higher accuracy than one for a low UE TX power.  This becomes important as it has been shown that efficient resource allocation for high system capacity implies that the scheduled users operate close to or occasionally even with power limitation. 

When sounding RS is multiplexed with data the PSD should be reported for the data and the link adaptation then has to account for a possible known offset between data and RS sounding. If only sounding RS is sent it will not be possible to send any UE TX power report as sounding RS does not carry any information bits. It is foreseen that the measurement can only be transmitted when the UE has scheduled UL data and it is carried by higher layer signaling. 

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. The purpose is to track multipath fading at low UE velocity. Trigger criteria will need to be defined in order to avoid unnecessary reporting for channels where frequently reported information would not be useful to the link adaptation. They could be based on filtered values of the DL gain but the exact character of the filtering must be investigated. In this state it cannot be precluded that a complementary periodic mechanism is needed. 

3. Conclusion

An absolute UE TX power measurement is proposed with the purpose to make accurate link adaptation following multipath fading for low UE speed possible for high UL data rates and capacity. The measurement should serve as power reference for UL gain estimates and also yield information on potential power limitation in the UE to the scheduler. This requires that the time and thereby the resource allocation for the measurement is known. Furthermore, the measurement should contain a momentary value but trigger based in which filtering will be applied. In cannot be precluded at this stage that an additional periodic reporting mode needs to be defined. The report should at the most be triggered some time per second. The UE TX power is proposed to be reported as PSD; it should be measured on scheduled data and transmitted by higher layer signaling.  

Proposed definition: 

UE TX power 

	Definition
	UE transmit power, is the transmitted power per resource block for the transmitted data allocation. The reference point for UE TX power shall be the UE antenna connector. 

	Applicable for
	RRC_CONNECTED


