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Introduction
At last meetings and e-mail discussion, the power control for uplink of E-UTRA system has been discussed. In this contribution, our views on the uplink power control are summarized from the viewpoints of open-loop mechanism at UE-side and closed-loop correction by eNodeB.
1. Open-loop mechanism at UE-side
In last meeting, it was determined as working assumption for E-UTRA that the target SINR set-point is obtained in open-loop way by UE. In this section, the proposed schemes for open-loop power control are concretely described for each one of uplink physical channels, respectively.
1.1. PUSCH
The PSD selection for PUSCH should be considered from the viewpoints of link adaptation and interference management. The modified FPC scheme [1] is proposed for achievement of the objective, where the transmission power per RB (or PSD) could be described as following equation.
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where

·  is a basic system parameter given by eNodeB, and is the factor determining the SINR value for given path-loss value
·  is a basic system parameter given by eNodeB, and is a compensation factor for path-loss.
· PL is a measured path-loss between UE and serving cell.
·  means the difference between path-loss to serving cell and strongest neighboring cell.
In some cases, for example, in a very large cell, UE may not able to measure the path-loss to neighboring cell accurately. In such cases, the modified FPC scheme may be operated same as basic FPC scheme by fixing  and  values regardless of the path-loss difference.
1.2. PUCCH
The service quality of PUCCH is required to be kept constant irrespective of the channel quality and the UE position. Therefore, the classical open-loop power control is appropriate for PUCCH rather than FPC-like schemes, which means that the compensation factor for PUCCH is set to one in equation (1). Target set-point for PUCCH, controlled by  should be determined by eNodeB, with consideration of reception quality for PUCCH and frequency of closed-loop correction. Periodicity of the closed-loop correction for PUCCH depends on the specific signaling design for closed-loop correction and the corresponding overhead, and it’s still FFS for us. 
1.3. Reference symbol

· Sounding reference symbol (SRS)

Sounding reference symbol is provided for adaptive link adaptation of PUSCH in E-UTRA system, so, it is proposed that the PSD of SRS is controlled in same manner with PUSCH. Therefore, PSD of SRS is determined as an offset to PSD of PUSCH. There can be two options in determining the offset value.
(a) Fixed offset irrespective of estimated SINR of PUSCH

(b) Variable offset value depending on the estimated SINR of PUSCH
Option (a) is a simplest way to determine PSD of SRS. However, the excessive transmission power may be wasted in some cases, especially for UEs in cell-center region, which may increase the inter-cell interference. 

In option (b), determination of offset value is based on the received SINR of PUSCH. That is, For UEs with high SINR of PUSCH, the PSD ratio of SRS to PUSCH is set to be low in order to lessen the inter-cell interference and excessive power transmission. Following that the offset value is determined by UE or eNodeB, the offset value should be signaled to another side.
· DM-RS
PSD of DM-RS has an offset to PUSCH, including zero offset. An offset value could be appropriately chosen as a function of MCS level in order to optimize the performance of PUSCH with consideration of DM-RS resources. However, selection of any non-zero offset value is FFS.
2. Closed-loop correction by eNodeB
In this section, the closed-loop correction by eNodeB is considered in terms of intra-cell power control and inter-cell power control.
2.1. Intra-cell power control

· Measurement error correction

The measurement error is a non-removable factor in measurement of path-loss for open-loop power control, and may bring about large inter-cell interference or UE throughput degradation for PUSCH or unstable reception of PUCCH, etc. Therefore, eNodeB should control the measurement error for stable system operation if possible. For the closed-loop correction of PUSCH, some considerations are given as follows.
(a) Periodicity: Since the path-loss is generally measured through long-term average, it is sufficient that the correction command for measurement error is a-periodically transmitted at a time that eNodeB determines the correction is needed.

(b) Measurement error estimation: Algorithm for the estimation of measurement error is an implementation issue.
(c) UE operation: At UE-side, the correction command is applied to PSD of all channels, because all of physical channels are based on open-loop power control in our proposal.

(d) Channel structure : Either MAC-layer signaling or L1/L2 control channel, or both
· Stability of control channel
PUCCH is not protected from HARQ unlikely from PUSCH, and the performance of PUCCH, especially ACK/NAK channel, is directly related to the throughput of downlink data channel. Therefore, the stability of PUCCH should be obtained from stable power control, where the closed-loop correction is essential for such an objective. For the closed-loop PSD correction of PUCCH, some considerations are given as follows.

(a) The reference channel for SINR measurement: SRS and PUCCH are transmitted through different frequency band, so we believe that the SINR measurement for SRS may not be helpful for power control of PUCCH. Additionally, PSD of SRS does not have any direct relation to PUCCH, as stated in our proposal on open-loop power control. Therefore, the reference channel for power control is only PUCCH, not wideband SRS. 
(b) UE operation: The closed-loop correction command is adopted for only PUCCH.
(c) Periodicity: The periodicity of closed-loop correction is related to the required frequency of power control, control channel overhead, and uplink interference resulting from PUCCH. However, periodic power control may give some gains in some cases, especially for very low speed mobile and interference limited cases. Periodic power control for a part of UEs could be considered on top of a-periodic power control if the additional signaling overhead is not significantly increased.

(d) Channel structure : MAC-layer signaling or L1/L2 control channel or both are used for a-periodic power control, and physical control channel could used for periodic power control if periodic power control is decided to be necessary.
· Other considerations
There was a proposal to use the closed-loop fine correction of PSD according to a granted MCS level. Anyhow, we believe that the fine PSD correction per MCS level is not necessary due to dynamic variation of interference level in uplink of E-UTRA system.
2.2. Inter-cell power control
Inter-cell power control is necessary for adaptation of cell load, and two-types of adaptive load control have been identified. One is the control of open-loop power control parameter through air-link, and another is through inter-NodeB communication of load information. Air-link-based approach has an advantage in terms of convergence speed of adaptation, however the physical channel, called as “load indicator”, has some problem on coverage and UE complexity. Especially, regarding coverage problem, UEs that cannot decode “load indicator” don’t make any contribution to load adaptation for E-UTRA system. Therefore, network-based approach is preferred if there is no serious problem (e.g. unexpected large delay, large jitters, etc) in inter-NodeB communication.
3. Summary
In this contribution, our view on uplink power control in E-UTRA system is provided. It can be summarized as follows.
· Open-loop mechanism 

· Modified FPC scheme is adopted for all the uplink physical channels, with different power control parameters

·  PUSCH, DM-RS : fractional path-loss compensation

· PUCCH : full path-loss compensation

· SRS : Offset to the PSD of PUSCH. The offset value is determined from the received SINR of PUSCH by UE or eNodeB

· Closed-loop correction

· Intra-cell power control

· Type-1
· For all uplink physical channels, focused on correction of measurement error
· a-periodic transmission (MAC layer signaling or L1/L2 control channel) 
· Type-2
· For only PUCCH, focused on stable reception of control channel, 

· basically a-periodic transmission, but periodic power control could be considered for a part of UEs
· Inter-cell power control : Update power control parameters through inter-NodeB communication
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