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1 Introduction
In this contribution, we investigate some issues regarding the uplink power control to introduce our views on questions asked in the email reflector.
2 Power control for control channel

In this section, we investigate the power setting of control channel to transmit data non-associated control signaling, e.g. CQI, ACK/NACK and channel sounding RS. As we have agreed that pure open loop power control is not sufficient, there are two different algorithms for the control channel power control discussed as follows.

· Open loop power control with additional correction: Target SINR can be configured for each UE and additional correction parameter can be signaled to compensate for the inaccuracy of open loop power control based on actual uplink transmission. In this scheme, UE sets its transmit power not necessarily receiving a command from the Node B on its transmission instance. If the Node B is not happy about the quality of the received signal, it may send a correction parameter to a selected UE. Hence, naturally, the Node B command would normally be sent just on need basis i.e. not periodic.
· Closed loop power control: it is similar to the one used in WCDMA. NodeB generates the TPC command. The TPC command is used to signal whether the transmit power of the power control reference channel should be decreased or increased. Node B sets target SINR to maintain the proper received quality and periodically transmits the TPC command to the UEs that require such periodic power control. 
If only power control for data transmission is taken into account, open loop power control with additional correction factor approach may be sufficient because AMC is applied and estimation error can be mitigated with HARQ in the data transmission. But, the control signaling cannot have benefits from these features. It means that the power setting error highly affect the reliability of control signaling. 
In addition, control channel might be exposed to the large fluctuation of inter-cell interference in the interference limited scenario since inter-cell interference control like fractional frequency reuse cannot be easily applied for the control channels that are located at the both edge of the system bandwidth. In this situation, aperiodic power control cannot guarantee the control signaling reliability unless the target SINR is configured with enough power margin. However, it is noted that high margin will reduce the control signalling coverage. 
Therefore, we recommend applying closed loop power control for uplink control channel power control.
Assuming closed loop power control is used for control channel, the following features should be investigated.
· Reference channel: there are two possible options for reference channel to apply the closed loop power control. 
· CQI channel: CQI channel will be transmitted in the narrow band and 1ms TTI.

· CS(channel sounding) RS : CS RS will be transmitted in the wide band and a long block

With CQI channel, it would be easier to compensate for the change of channel situation and inter-cell interference level for CQI and ACK/NACK channel because same transmission method and frequency resource will be used. However, due to narrow band transmission, variance of estimated SINR may be larger compared to the wide band transmission. In addition, in the case of presence of uplink data transmission, CQI channel should be transmitted with different frequency resource allocated for the data channel. Therefore, channel sounding RS seems more stable approach as a reference channel.
· Periodicity: since the signals from other UEs are orthogonal in a cell, we don’t need to worry about near-far problem and hence, don’t need the fast and tight closed loop power control used in WCDMA. The slow closed loop power control, 10~100Hz, would be sufficient to compensate for the effect of path loss and shadowing. If a UE is in DRX, it is not needed to send the TPC command regularly to the UE during the time period that the UE is supposed to not try to receive any downlink signal. 
· TPC command: considering the long periodicity compared to WCDMA system, only 1dB step size might not be able to compensate for the SINR difference. Multi-level step size TPC command needs to be investigated.
· Power control for other control channel: CQI and ACK/NACK channel will be transmitted in a different frequency resource from channel sounding channel which is preferred as the reference channel. It means the frequency selectivity and the amount of interference are different. Thus, we recommend introducing two parameters for power setting. One is a power offset which is signalled at the channel set-up and define the required power level of each channel. The other is a correction factor which is signalled during connection to compensate for a different amount of interference or channel selectivity. Followings are examples for power setting.
· PSD_cqi = PSD_cs + ∆cqi + correction factor
· PSD_ack/nack = PSD_cs + ∆ack/nack + correction factor
3 Power control for data channel

It would be reasonable that data channel power setting is done based on the reference channel if closed loop power control is applied for the control channel power setting. Given that closed loop power control is used, we recommend that data channel power setting should consist of following factors. 
· Reference PSD: it means the transmit PSD of the reference channel.
· Power offset: it means the additionally required power compared to the reference channel, which is similar with beta factor in WCDMA. But, different power offset according to data rate doesn’t seem to be required because NodeB will change MCS level considering the received SINR if UE use same transmit power. 
· Correction factor: correction factor is also required to compensate for a change of amount of interference when interference level is abruptly changed. It can happen frequently because neighbouring cells schedule different UEs at various locations at each scheduling period. 
4 Conclusion
Based on discussion described on section 2 and 3, we propose to apply close loop power control for uplink power control having followings.
· Reference channel: channel sounding RS

· Periodicity : 10~100Hz
· TPC command: FFS

· Power control for other control channel & data channel

· The PSD for a channel is to set based on the power of reference channel utilizing the power offset and correction factor

· Power offset for each channel with respect to the power control reference channel. 
· Correction factor to compensate for different amount of interference or channel selectivity compared to the power control reference channel.















