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1 Introduction

It has been agreed at RAN1#48bis that the UL power is adjusted via a-periodic power control adjustments, which are included in the UL scheduling grants in case of scheduled data. However, it is FFS how to send the power control updates in the case of non-scheduled data and PUCCH. 

The power spectral density of a UL transmission is determined by the UE according to some standardized rule, whereby the detailed formula for the rule is FFS.

This contribution discusses the options for the UL power control rule for the UE in case of scheduled data, non-scheduled or persistently scheduled data, PUCCH and transmission of sounding reference signals only.

2 Basic Fractional Power Control Schemes

In case of a fractional open loop power control, the transmit PSD is determined as

          TxPSD_dBm =  + *PathLoss_dB + Interference_dBm,





(1)

where  and are parameters of the fractional power control balancing cell edge performance with overall spectral efficiency, which may also depend on the overload indicator that has been agreed at RAN1#48bis.  It may be noted that there is always a limitation in the possible maximum transmit PSD for a particular transmission bandwidth and UE, which is ignored for simplicity of this presentation. Similarly, it may be useful to define also a minimum PSD [1], which is also omitted for the simplicity of this presentation. It has been shown in [2,3] that the fractional open loop power control can be improved by including the ratio of the pilot power pathlosses of the serving cell and the strongest interfering cell, if any, in place of the pathloss in Eq. (1), which yields a modified open loop fractional power control as given by 

          TxPSD_dBm =  + *(PathLoss_dB) + PathLoss_dB + Interference_dBm.
 

(2)




An additional offset for the PSD setting (a) could be beneficial in compensating for inaccuracies from pure open loop operation, (b) allows for interference coordination schemes, (c) in general prioritizes or de-prioritizes certain transmissions, e.g. in overload scenarios, or (d) allows different power settings for the different type of transmissions, e.g. UL scheduled data, UL non-scheduled data, PUCCH, and sounding RS. The additional offset could be either (i) included in the UL scheduling grant or (ii) defined depending on the particular frequency range of the transmission, or (iii) signalled semi-statically based on the load in the neighboring cells. A modified fractional power control rule from Eq. (2) including the additional PSD offset is given by

          TxPSD_dBm =  + *(PathLoss_dB) + PathLoss_dB + Interference_dBm + PSD_Offset_dB.
(3)

It may be noted that Eq. (1), (2) and (3) bear some similarities. We continue with discussing the individual components of these power control rules:

	Parameter
	Source (actual measurement, or computation based on other quantities)
	Time variability

	
	eNodeB
	semistatic, or changing at most with the overload indicator (> 20 ms).

	PathLoss_dB
PathLoss_dB
	UE
	change rate in the average pathloss, including shadowing

	Interference_dBm
	eNodeB
	could change quite fast, but the measurement is no longer up-to-date at the time of the transmission and only some average over previous sub-frames/radio-frames can be considered; the average can be assumed to be slowly time-varying

	PSD_Offset_dB
	eNodeB
	semistatic, or changing at most with the overload indicator (> 20 ms); however, if this is part of the interference coordination scheme, it also depends on the frequency range a UE is scheduled and it may need to be adjusted with every scheduling grant.




2.1 Power Control Rule for scheduled UL data

When the UE receives some power control adjustment in the UL scheduling grant, the following partitioning between the UE and the eNodeB for computing TxPSD_dBm are possible:

Option 1:
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With option 1, the power setting is under full control of the eNodeB. Hence, the eNodeB can also use the reception of any UL transmission to obtain a own cell pathloss measurement. However, the pathloss measurements that are initially available for option 1 at the eNodeB may not be very recent. Pathloss measurements of the UE with respect to the neighboring cell are available to the eNodeB through some measurement reports only (which is needed for handover anyway), while pathloss measurements of the UE with respect to the own cell can also be estimated from any UL transmission (PC reference is left for implementation in the eNodeB). It may also be noted that the actual power control criterion, e.g. Eq. (1) to (3), does not need to be specified.




Option 2:
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With option 2, the power setting is under partial control of the eNodeB. The UE could always apply the most recent pathloss measurements to update the PSD used in the UL transmission. However, the eNodeB would not be aware of the actual PSD used by the UE for the UL transmissions. The eNodeB can track roughly the PSD used by the UE with the knowledge of the standardized PC rule for the UE and the measurement reports for the pathlosses (which is needed for handover anyway).
As a variation of option 2, signaling for PC is as described above, but the UE is only allowed to update the PC whenever measurement reports are provided to the eNodeB, so that the eNodeB is fully aware of the current  TxPSD_dBm setting in the UE. 
We suggest to employ power control of scheduled data where the eNodeB is fully aware of the current power setting by the UE. It is acknowledged that a relatively large number of bits may be required in the control signaling to signal an absolute TxPSD_dBm value according to option 1, while the power control following option 2 involves some delay when the power control is updated only at the time of the measurement report to the eNodeB. It may be noted that no power headroom reporting of the UE is required when the eNodeB is fully aware of the current power setting by the UE.
2.2 Power Control Rule for Sounding RS
For the eNodeB to be able to compare channel quality not only for different frequency ranges for one particular UE, but also between different UEs, the PSD setting of the sounding RS transmission needs to be known to the eNodeB. Hence, option 1 needs to be employed as a power control mechanism, whereby a specific preconfigured power offset for sounding RS can be applied. The PSD setting can have a preconfigured power offset with respect to the power control adjustment received by the UE in the UL scheduling grant for the scheduled data. 
We suggest to have the PSD for sounding RS updated with the power control adjustment in the UL scheduling grant for scheduled data, subject to some preconfigured PSD offset.


2.3 Power Control Rule for non-scheduled data

For non-scheduled data transmissions or data transmissions without an explicit power control adjustments, e.g. for optimized VoIP transmissions (persistent scheduling, optimized dynamic scheduling), there may be extended periods without power control adjustments from the eNodeB. To avoid using outdated pathloss values being used for the PSD setting, it may be advantageous to use the power control mechanism outlined by option 2. Alternatively for using option 1, there still need to be a-periodic power adjustments through some control signaling when the pathloss values have changed. It is suggested that a specific value PSD_Offset_dB for non-scheduled data is applied in the initial configuration of non-scheduled data transmission.
We suggest to have the PSD for non-scheduled data updated with the power control adjustment in the UL scheduling grant for scheduled data, subject to some preconfigured PSD offset. When there are no UL scheduling grants and, hence, no power control adjustments, the UE can autonomously update the PSD setting for non-scheduled data according to option 2 above.

2.4 Power Control Rule for PUCCH

For PUCCH, there may be extended periods without power control adjustments from the eNodeB. To avoid using outdated pathloss values being used for the PSD setting, it may be advantageous to use the power control mechanism outlined by option 2. Alternatively for using option 1, there still need to be a-periodic power adjustments through some control signaling when the pathloss values have changed. It is suggested that a specific value PSD_Offset_dB for PUCCH data is applied. 

We suggest to have the PSD for PUCCH updated with the power control adjustment in the UL scheduling grant for scheduled data, subject to some preconfigured PSD offset. When there are no UL scheduling grants and, hence, no power control adjustments, the UE can autonomously update the PSD setting for PUCCH according to option 2 above.

4 Conclusions

The following is suggested: 
· The eNodeB is always aware of  the absolute value of the transmit PSD to be used by the UE as part of the UL scheduling grant.
· The transmit PSD for non-scheduled data, PUCCH, and sounding RS are also updated with the power adjustment provided in the UL scheduling grants, subject to some additional preconfigured power offsets.
· When there are no power adustments from UL scheduling grants over an extended period of time where the pathloss may have changed, either one of the two possibilities could be chosen for updating the transmit PSD for non-scheduled data and/or PUCCH:
· UE autonomously updates the transmit PSD based on its pathloss measurements, cf. option 2.
· eNodeB explicitely updates the transmit PSD with some extra control signaling.
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