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1. Introduction

In RAN1#48, it was concluded that uplink intra-cell power control is based on closed-loop power control around a set-point obtained by open loop.  The closed loop corrections can be periodic (L1) or  aperiodic (L1/L2) updates which was FFS.  The uplink intra-cell power control can be implemented in Node-B or UE.  It was also concluded that uplink inter-cell power control can be either overhead indicator based or network based. In [1] signaling and implementation issues for different intra-cell power control approaches were discussed.
As discussed in the previous meetings and on email reflector, the uplink intra-cell power control can be formula-based open loop with adjustments sent by Node-B. The input to this formula may include the path-loss of the UE to the serving cell and, in some proposals, certain measurements of the channels to neighboring cells. The formula itself may have several parameters which are controlled and adapted by the Node-B. The details of periodic and aperiodic updates are discussed in this contribution.
2. Periodic Updates
In the case of periodic updates, it is assumed that a wideband uplink signal is sent periodically by the UE. The Node-B then measures the received power/quality of this uplink reference channel and performs closed loop power control by sending periodic power control comments to the UE. The candidates of the uplink power control reference channel are the uplink wideband sounding signal and the uplink CQI feedback channel. 
Following the discussions in [2], there are several issues about the periodic updates based on uplink reference channel(s).
2.1. Power Control in FDM System

E-UTRA uplink is a FDM system. The uplink data, control and SRS channels occupy different bandwidths and hence experience different fast fading. Furthermore, in the case of FSS, the uplink data transmission of a UE only occupies a small portion of the data bandwidth. In case of frequency selective fading, the channel to be power controlled has to be of the same frequency band as of the reference channel used for periodic updates in order for effective power control.
When wideband SRS is used as the reference channel for uplink PC, the uplink control channels occupy the edge-bands which is different from the band of the reference channel. As shown in [2], these two channels/bands have close to uncorrelated fast fading. In the case of FSS, the instantaneous channel quality of a small portion of the data bandwidth also has small correlation to the average channel quality of the whole data bandwidth. Since the PC using SRS controls the average received power/quality of the whole data bandwidth, additional adjustments to the transmit power is required for transmissions using a portion of the bandwidth. This is the Type-C a-periodic updates discussed in [1]. 
When uplink CQI feedback is used as the reference channel for uplink PC, the uplink control channels can be tightly power controlled. However, due to the same reasons, the uplink data and SRS transmissions are effectively not power controlled. Additional power control mechanism is needed for uplink data and SRS channels.
2.2. Slow Power Control for Fast Fading
Periodic updates require much faster update rate than a-periodic updates. The current working assumption of the update rate is up to 200 Hz. During the email reflector discussion, some proposal also mentioned 100 Hz update rate. 
According to various studies of CLPC performance in wideband CDMA systems, with update rate of 800 (1500) Hz, power control was effective to combat fast fading for speeds up to about 30 kmph. In view of this, the slow power control with update rate up to 200 Hz is not sufficient to combat fast fading. 
2.3. Link Adaptation versus Tight Power Control

For uplink data transmission, when SRS is present, link adaptation and FSS can be performed to utilize the frequency and time selectivity of the channel. In this situation, the slow power control with adjustment is mainly used for the purpose of controlling the interference level and trading off spectral efficiency and cell-edge performance. Tight power control is not necessary for uplink data transmission.
2.4. Implementation Issues in E-UTRA

To support periodic updates in E-UTRA, one of the following assumptions has to be true:

a) All UEs support periodic wideband SRS with fast transmission rate at a certain received SINR;
b) All UEs support periodic CQI feedback with fast transmission rate;
c) All UEs either support periodic wideband SRS or CQI feedback with fast transmission rate and perform power control accordingly;
d) Some UEs do not support periodic wideband SRS and CQI feedback and perform power control without periodic updates.

If c) or d) is true, more than one modes of intra-cell power control are needed, such as SRS-based, CQI-based, and no periodic updates. 
2.4.1. To Support Wideband SRS

As per the current specification the SRS can be turned on or off. There are several purposes for uplink SRS, such as FSS, uplink multi-user MIMO, and uplink power control with periodic updates. However, in the cases of FSS and uplink MIMO, it is likely that only some of the UEs need to support SRS. For UEs with relatively poor channel quality or UE’s moving at  high speed, localized transmission with frequency hopping and without MIMO is the reasonable choice. These UEs need not support wideband SRS. In addition, UEs that are in persistent scheduling or grouping mode, such as UEs with VoIP traffic, also need not support wideband SRS. 
Furthermore, the SRS has to be received at a certaintarget SNR level. Figure 1 shows the average received C/I of the SRS assuming 2 sub-carrier per UE for SRS and 5 hops within 10 ms. For case 1, almost all UEs can support up to 15 dB target SNR. For case 3, the percentage of UEs that can not support the target SNR increases dramatically if the target SNR is higher than 5 dB.  If the target SNR is 5dB a C/I of 0dB is obtained. It remains to be seen, whether the SRS quality is adequate if the sounding channel is received at a C/I of 0dB. 
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Figure 1 Achievable C/I versus target SNR for uplink SRS.
2.4.2. To Support CQI Feedback

CQI feedback is used for scheduling purpose. However, the feedback rate depends on the service type and channel quality of the UEs. UEs with VoIP traffic do not need frequent CQI updates. In addition, when the UE has uplink data to transmit, the CQI feedback is transmitted in-band with data. This would further degrade the PC performance with periodic updates.
2.5. Overhead

The signaling and feedbacks associated with the periodic updates are described in [1]. For intra-cell power control with periodic updates, the downlink signaling includes periodic updates and (Type-C) a-periodic updates in addition for FSS. Uplink overhead includes uplink reference channel (SRS and/or CQI feedback) and feedbacks of power header room and channel measurements.
The periodic approach has higher overhead because of the uplink reference channel (SRS and/or CQI feedback) and downlink periodic updates. The exact overhead in uplink and downlink depends on the update rate, the channel design of SRS/CQI/updates, how the SRS and CQI are used for other purposes, and etc.
3. Aperiodic Updates
When aperiodic updates are used in addition to open loop power control, updates are sent less often and no periodic uplink reference channel is needed for measurement purpose. The major concern of this approach is discussed in the following sub-sections.
3.1. Reliability of the Uplink Control Channels
One concern of OLPC with a-periodic updates is the reliability of the uplink control channels, including CQI feedback and ACKNACK channels. Since the fast fading is not compensated by slow power control, certain transmission power margin is needed. 
3.2. Implementation: Data, Control and SRS
One implementation issue in E-UTRA is how to set the power of different uplink channels, such as data, control and SRS channels. Different operating points or parameters of the open loop formula can be used for these uplink channels. For example:
· Uplink SRS channel: the target of average received power/SNR can be fixed or depend on the SRS bandwidth.
· Uplink data channel: the upper-limit of the transmission power is set by fractional power control with parameter adaptation [?]. The MCS level is selected accordingly. If SRS is available, link adaptation is then based on the channel information from SRS with the upper limit of the transmission power set by the open loop power control.
· Uplink control channels: the transmission power is set according to the format, data rate and QoS of the control channels.

The aperiodic updates can be sent with the uplink grant (and downlink scheduling) signaling when needed. Additional slow updates may be needed for UEs that are idle for a long period of time.
3.3. Overhead
The signaling and feedbacks associated with the aperiodic updates are described in [1]. For intra-cell power control with aperiodic updates, the uplink overhead includes feedback of the channel measurements. The downlink signaling includes aperiodic updates and some additional signaling for UE to set transmission power. The exact content of the signaling depends on whether it is UE based or Node-B base uplink power control. When the open-loop formula is implemented in the UE, the Node-B needs to send the formula/parameters updates and the average IoT to the UE. When it is Node-B based, the Node-B only need to update the UE with the average IoT level.
In summary, the overhead of a-periodic updates is lower than that of periodic updates.
4. Conclusions

Based on the discussion presented above, we propose that the open loop power control with the a-periodic updates to be the uplink intra-cell power control scheme for E-UTRA.
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