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1
Introduction

Both intra-cell [1,2,3] and inter-cell [4,5] power control have been proposed for the E-UTRA uplink. In this contribution we discuss aspects related intra-cell power control. 

In W-CDMA, intra-cell power control is used in the uplink for two primary reasons: to mitigate the near-far problem that arises from users in the same cell causing interference to each other, and to invert the channel fast fading to ensure the desired error rate on control channels and sensitive applications such as voice using the minimum necessary transmit power level (i.e., no need for a large fade margin). In the orthogonal access scheme chosen for E-UTRA, the intra-cell interference is no longer a dominant factor; however, the issue of maintaining the desired error rate on uplink data non-associated control channels without using an excessive fade margin (which causes unnecessarily high other cell interference) remains. The conclusions that we motivate in this contribution are the following:

· No need for any standardized form of power control for data transmission on the UL-SCH 

· Closed-loop power control should be considered for data non-associated UL control channels

2
Intra-Cell Power Control Techniques

2.1 Data on the UL-SCH

Given that data on the UL-SCH benefits from other forms of link adaptation such as scheduling and HARQ,  we do not see the need for any form of standardized power control scheme for data on the UL-SCH; the power allocation/control is completely under the control of the UL scheduler. 

Note that imperfections in the transmitter and receiver implementations [3] as well as channel variability within the FFT integration time may lead to some loss in orthogonality, which may lead to a near-far type of problem if there is a large difference in the received power levels from different UEs. However, this can be managed via using a configurable maximum SINR target in the power allocation scheme, which  is completely under the control of the proprietary UL scheduling algorithm and hence does not require explicit standards support.
2.2 Data Non-Associated UL Control Channels

UL data non-associated control channels such as CQI to support the DL, ACK/NACK responses for DL transmissions, and possibly UL scheduling requests [4] have strict error rate requirements and do not benefit from link adaptation (such as channel sensitive scheduling or HARQ). Therefore UL power control is a useful link adaptation technique to ensure the desired performance whilst not transmitting at unnecessarily high power levels. Open loop and closed loop power control are two options for intra-cell power control.

2.2.1 Open Loop Power Control

Open loop power control will only be able to track the path-loss and shadow fading variations, while the fast fading remains. In addition, only long-term average interference levels at the e-NodeB are broadcast to the UE (as in the case of open loop power control for RACH). This, combined with the lack of any form of macro-diversity, this implies that significant power margins (i.e. fast-fade margin plus interference margin) will need to be applied in order to meet the strict error rate requirements demanded by the data non-associated control channels in the UL. Large power margins translate to excess transmit power, which is detrimental to both terminal battery life as well as system performance (in the form of generating excess other cell interference). A summary of the pros and cons is as follows:


Pros: No need for explicit DL signaling (i.e. TPC)

Cons: Large power margins necessary to overcome fast fading and variability in interference level.

2.2.2 Closed Loop Power Control

A closed-loop power control mechanism can tightly control the received SINR for data non-associated control channels, which implies much smaller power margins are necessary. This would imply the transmission of transmit power control (TPC) bits in the DL to power control each UE, and the periodic transmission of a reference signal by the UE even when no data is being transmitted on the UL-SCH. 


There are several suitable options for the uplink reference signal on which closed loop power control should be run. For UEs in which channel sensitive scheduling is beneficial, the uplink CQI pilot will be transmitted periodically, in which case this can be used for closed loop power control. Seperately, a reference signal must be transmitted with every data non-associated control channel transmission in order to coherently demodulate the control information; hence it is possible to use this particular uplink reference signal. Specifically, the CQI reports to support the DL may be transmitted with a regular periodicity (i.e. every 10ms). For the cases where there is inactivity in the DL and CQI reporting as well as ACK/NACK transmission are suppressed, to keep power control running (to be prepared with control channel transmission resumes or to be prepared for dedicated UL scheduling request transmission) it is possible that the UL scheduler may specifically schedule UL reference signal transmission (even in a LB) in order to keep closed loop power control running.

The reference signal for power control will be power controlled to a particular target SINR, and the data non-associated control channels in the UL will simply be transmitted with an appropriate fixed power offset from the CQI pilot transmit power level (i.e. cqi, ACK, NACK, SchReq) in order to meet the desired error rate requirements. If the CQI pilot is used as the reference signal, then it will be necessary for the UE to transmit power headroom information in its scheduling information (i.e. max transmit power – current CQI pilot transmit power) in order for the UL scheduler to deduce the full uplink channel (path loss + shadow fading + fast fading). In between scheduling information reports the UL scheduler can use knowledge of the TPC commands sent in the DL to keep track of the UE’s transmit power on its CQI pilot channel. The rate at which the closed loop power control operates will determine the power margins that must be added into determining the power offsets for the UL data non-associated control channels; the faster the closed loop power control, the lower the power margin. While adequate simulation results are still no available, we expect that a slow, closed loop power control operating at a rate of no more than 100 Hz will be sufficient for most channels, which is in line with the view in [5]. The pros and cons of closed loop intra-cell power control are as follows:

Pros: Tight control of received SINR ( minimum transmit power to get desired QoS

Cons: Need explicit DL signaling per UE (i.e. TPC bits)

4
Conclusions
· No mandated standards support required for power control of data on UL-SCH

· Closed loop power control  should be used for the data non-associated control channels in the E-UTRA UL
· Optimum rate of closed loop power control to be determined via simulations; can be an order of magnitude slower than power control rate for UTRA.
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