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1. Introduction

The uplink (UL) power control in E-UTRA is achieved by adjusting the UE transmit PSD. One of the major requirement is to have reliable uplink control channel operation. Intra-cell power control can either be closed-loop or open-loop with transmit power correction when needed. In this contribution, intra-cell power control of uplink control channels and sounding RS is discussed.
2. Closed-loop power control based on uplink wideband sounding RS

One candidate of uplink reference channel for closed-loop power control is the wideband uplink sounding RS. This requires that all UEs doingCLPC be able to support wideband sounding RS with satisfactory received C/I and frequent transmission of sounding RS. In the following paragraph several issues about using wideband sounding RS for UL CLPC is discussed: 
· As discussed in [1], to support all the UEs with uplink sounding RS, especially wideband sounding RS with fast transmission rate, requires large amount of uplink overhead. 

· The uplink sounding RS has to reach certain target C/I in order for satisfactory channel quality estimation for power control and scheduling. Received C/I versus target SNR are plotted in Figure 1 for case 1 and 3 with 10 MHz bandwidth. Out of a total 50 RBs, 8 RBs are used for uplink control channels and the wideband sounding RS occupies the remaining 42 RBs. Assuming one sounding sub-carrier per 2 RBs, there are then 21 sounding sub-carriers per UE
. With perfect CLPC which achieves a target SNR of the sounding RS, the average IoT is obtained by system simulation. The received C/I is then given by target SNR (dB) – IoT (dB). A portion of UEs (outage) will not be able to achieve the target SNR as shown in Figure 2. For case 1, outage is not a big issue. However, to support the sounding RS for UEs with different channel conditions, the IoT is high and it results in relatively low C/I.  It may be observed from Figure 2 that for case 3, outage is high. As a result, UEs at the cell edge can not support wideband sounding RS.
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Figure 1 Achievable C/I versus target SNR for uplink sounding RS.
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Figure 2 Outage versus target SNR for uplink sounding RS.
· There will be a large number of UEs using localized transmission with frequency hopping. For those UEs, wideband sounding RS with frequent transmission is not needed.
· As agreed in previous meetings, the uplink control channels occupy the edge bands of the system bandwidth while the data and sounding RS occupy the rest of the bandwidth. Since they occupy different bandwidth, and due to frequency selective channel, perfect power control on wideband sounding RS may not be very helpful for uplink control channels. Figure 3 shows the channel quality distribution of the uplink control channel assuming fixed path-loss/shadowing, 10 MHz bandwidth, intra-TTI hopping, 2 received antennas and flat interference. The standard deviation is about 2.3 dB. The distribution of the channel quality difference between the control channel and the wideband sounding RS is also shown. The standard deviation is about 2 dB.  This means with perfect CLPC of the wideband sounding RS, the channel quality of UL CCH still varies significantly and is only slightly better than the OLPC.
· Significant DL overhead for closed-loop power control.
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Figure 3 Distribution of the uplink CCH channel quality.
3. Closed-loop power control based on uplink control channel (CQI)
Another candidate for reference channel for doing UL CLPC is the uplink control channel, such as CQI feedback channel. This requires that all UEs in the state of CLPC be able to send CQIfrequently. Here are some issues of using CQI channel for UL CLPC:
· As shown in [2] and [3], the overhead of supporting all UEs in CLPC state of CQI with fast transmission rate is high.

· Some UEs only needs slow CQI feedback, such as UEs with VoIP traffic.
· When the UE has uplink data to transmit, the uplink control channels (including CQI feedback channel) are multiplexed with data before DFT precoder whichfurther degrades the CLPC performance.

· Due to the same reason shown in Figure 3, even perfectly power controlled CQI channel will only marginally help the uplink sounding and data channel due to different bandwidth occupancy. 
· Significant DL overhead for uplink CLPC.
4. Open-loop power control with transmit power correction

It may be noted that  open-loop power control will need higher power margin for control channels compared to closed-loop provided CLPC is feasible. However, as shown in previous sections, CLPC may not be feasible for E-UTRA and the difference between CLPC and OLPC is marginal. Furthermore, open loop power control has significantly less overhead on both uplink and downlink. It is feasible that for all UEs. transmit power correction can be used to compensate measurement and accuracy errors when needed.
5. Conclusions

This contribution discusses the intra-cell power control for uplink control channels. It is concluded that open-loop power control and transmit power correction should be used when needed for both UL bearer and control channels.
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� Here we assume only FDM sounding RS and no CDM sounding RS. With CDM sounding RS, the IoT would be even higher.





