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1. Introduction
In the previous #48bis meeting, following working assumptions were agreed for uplink intra-cell power control.
· A-periodic UL power control adjustments

· For scheduled data

· PC adjustments are included in UL scheduling grants

· For non-scheduled data and PUCCH (e.g VoIP)

· FFS whether/how to send updates
In this document, we firstly discuss the power control for non-scheduled data and PUCCH to know whether/how to send updates. In addition, we propose the power control algorithm for PUSCH with PC adjustments included in UL scheduling grants.
2. Power control for non-scheduled data and PUCCH
When we discussed the a-periodic power control, main concern was that PC adjustment included in UL scheduling grant would not be used when there is no uplink scheduling grant message. And it was mentioned that the different power control, especially the periodic power control, may be required to transmit PUCCH or non-scheduled data in this case. Considering the following observation, however, it is recommended not to use the different power control algorithm.
· Non-scheduled data: it was agreed that persistent scheduling is used to support VoIP service in downlink in the previous RAN2 #57bis meeting. Even though scheduling scheme for the uplink has not been agreed, persistent scheduling will be desirable in the signaling overhead point of view. It was concerned that there is no uplink scheduling grant in persistent scheduling. However, even in persistent scheduling, eNB can transmit the uplink scheduling grant if it is necessary to adjust the transmit power. In addition, the ACK/NACK based power control can be considered to maintain the operating level.

· PUCCH: basically, the periodic power control would be a better method to maintain the reliability of PUCCH if the signaling overhead is not considered. However, since the a-periodic power control was selected for the data channel, the periodic power control only for the control channel will bring more signaling overhead compared to the benefit. Hence, it is preferred to use the a-periodic power control for PUCCH with the sufficient power margin. In addition, similarly with data transmission, power control of PUCCH during the presence of downlink data is more important because the ACK/NACK transmission requires the much higher reliability than CQI transmission and the reliability of CQI is more important in case of when there is downlink activation. From these points of view, it seems natural to signal PC adjustment in downlink scheduling assignment for power control of PUCCH.
3. Other issues

3.1. Power control algorithm for PUSCH
In this section, it is proposed the power control algorithm for PUSCH with the PC adjustment transmitted in the uplink scheduling grant as follows.

PSDtx = target SNR + Pathloss +Interference + TPC + MCS
[dBm/Hz]

(1)
where 

· PSDtx is the transmit power spectral density. 

· Target SNR is a cell specific or UE specific parameter.
· Pathloss is a measured path loss of serving cell. 

· Interference level is a cell specific parameter which is broadcasted in BCH.

· TPC is PC adjustment transmitted in uplink scheduling grant.

· MCS is a power offset with respect to MCS level. This parameter is configured by the higher layer signaling similar as WCDMA.

· It is noted that eNB will make PC adjustment based on the pervious UL transmission. So, if there is a valid UL transmission previously, it is preferred that TPC is applied to this previous transmission.

The main benefit to introduce MCS is that eNB can control the UE PSD. eNB scheduler assigns lower MCS level having smaller PSD in some situations like followings and it results in smaller interference to the neighbor cells.
· Lightly loaded situation: since bandwidth is not limited, eNB can assigns wider bandwidth and lower MCS level with smaller PSD. 
· VoIP services: since it transmits the very low data rate, it is not desirable to apply frequent link adaptation because of the overhead of PDCCH and channel sound RS. So, it is likely to select lower MCS level to give the sufficient power margin. 

· Interference control: eNB may limit the transmit power when neighbor cells are overloaded. In this case, eNB should schedule the lower MCS level to reduce the interference level. 

4. Conclusion

Based on discussion described on section 2 and 3, we propose to apply power control having followings for LTE uplink.

· For scheduled and non-scheduled PUSCH: a-periodic power control having PC adjustments included in uplink scheduling grants.

· Simple open loop power control is used and the UE-specific target SNR can be used if it is necessary.

· The different power offset is used with respect to MCS level.
· For PUCCH: a-periodic power control having PC adjustments included in downlink scheduling assignments.
