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1. Introduction

Transmission power control (TPC) is a one of the key technique to achieve link adaptation. TPC is especially effective for the physical channel that use fixed rate transmission and high quality transmission without HARQ. However, TPC is also effective in decreasing interference to other users. This paper presents our views on the application of TPC in E-UTRA downlink and uplink.

2. TPC in Downlink

2.1. Common Channel

For downlink common channel such as common reference signal, broadcast channel, paging channel/paging indicator channel, synchronization channel, TPC is not necessary. Thus, static or semi-static transmission power allocation should be sufficient for these common channels.

2.2. L1/L2 Control Channel

For the downlink L1/L2 control channel, Both fast TPC and adaptive modulation and coding (AMC) including adaptive repetition factor can be used in order to maintain the received signal-to-interference plus noise power ration (SINR) to the target value.

The feature of the TPC and AMC considering the application to the downlink L1/L2 control channel are as follows.

· Fast TPC

· No additional control information for decoding of the L1/L2 control channel is necessary (if the power balancing is used, in which the transmission power of the shared data channel is changed according to the TPC of L1/L2 control channel, TPC control bits are )
· Larger other cell interference variation in frequency domain comparing to AMC may occur

· Fast AMC

· Additional control information that indicates modulation and coding scheme (MCS) is necessary for decoding of the L1/L2 control channel
· Less other cell interference variation in frequency domain comparing to TPC is achieved due to constant transmission power

Since transmission of additional MCS information of L1/L2 control channel as Cat. 0 information becomes redundant overhead, we consider that TPC should be a baseline link adaptation method of downlink L1/L2 control channel. To achieve fast TPC, we can use CQI report-based TPC [1, 2] without any specification.

However, to achieve the coverage requirement in large cell, we think that a complementary use of AMC for the L1/L2 control channel will be necessary. Detailed method to combine the TPC and AMC control is FFS.

When the downlink transmission is synchronized between different cells and FDM multiplexing of multiple L1/L2 control channels for different UEs is used, the TPC on the downlink L1/L2 control channel may not work sufficiently due to the other cell interference power variation in frequency domain due to separately performed TPC for multiple L1/L2 control channels according to the each UEs channel condition. This problem is illustrated in Fig. 1. In this example red UE belonging to Cell 1 and blue UE belonging to Cell 2 are located at cell border. Meanwhile the assigned sub-carriers for these UEs’ L1/L2 control channels are same. In this worst scenario, although the TPC control increases the transmission power of these UEs’ L1/L2 control channels, the received SINR is not improved since these two channels interfere each other.
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Figure 1 – Performance degradation of TPC due to other cell interference variation in frequency domain

Therefore, we propose following two approaches to enhance the TPC capability by randomizing or averaging the other cell interference variation due to individual TPC as shown in Fig .2 (a) and (b).

· Option 1: CDM of multiple L1/L2 control channel for multiple UEs

· By using CDM, the transmission power of all sub-carriers allocated for L1/L2 control channel can be constant

· Therefore, the other cell interference variation due to individual TPC is averaged
· Option 2: FDM with cell-specific frequency mapping of multiple L1/L2 control channel for multiple UEs

· By using FDM with cell-specific frequency mapping, the other cell interference fluctuation in frequency domain due to individual TPC is randomized
It may be noted that for all cells within the same Node B, by assigning orthogonal channelization codes or orthogonal frequency mapping patterns, orthogonal L1/L2 control channels between all cells within the same Node B are established [3].
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(a) Option 1: CDM
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(b) Option 2: FDM with cell-specific frequency mapping
Figure 2 – Proposed randomization or averaging methods against the other cell interference due to individual TPC

2.3. Shared Data Channel

Considering the packet switched mode operation in E-UTRA, the basic link adaptation method for the downlink shared data channel should be AMC. However, additional application of slow TPC for achieving interference mitigation effect and for increasing the data rate at cell edge is to be considered.

3. TPC in Uplink

3.1. RACH

Open-loop-type slow TPC is applied to RACH. The transmission power of RACH is decided by the path loss between a UE and a Node B, which is calculated from the measured average received signal power (or SINR) and transmission power information at a Node B. In the slow TPC, distance-dependent path loss and shadowing variation are compensated for and the instantaneous fading variation remains.
3.2. L1/L2 Control Channel

· TPC

· We apply closed-loop type TPC for L1/L2 control channel as baseline to compensate for distance-dependent path loss, shadowing variation, and possibly instantaneous fading variation

· We use CQI-based closed-loop type TPC [1, 2]. When shared data channel is transmitted in uplink, the MCS information for shared data channel is sent from Node B through downlink L1/L2 control channel. Thus, the TPC-specific control signaling is unnecessary. However, when no data channel is transmitted, reference signal must be transmitted for the exclusive purpose of CQI measurement and TPC command should be transmitted from Node B. 

· In uplink employing scheduling based packet access, the interference from the other cells may fluctuate with wide dynamic range according to the location of interfering UEs of the surrounding cells. Thus, the investigations of the effectiveness for fast TPC is necessary considering other-cell interference with large fluctuation

· AMC

· AMC application to downlink L1/L2 control channel was proposed in [4]. Combined usage of TPC and AMC may be applicable to uplink L1/L2 control channel. 

· When the shared data channel is simultaneously transmitted, additional control signaling is unnecessary by defining the corresponding relation between MCS of shared data channel and that of L1/L2 control channel

3.3. Shared Data Channel

· We apply combination of closed-loop type slow TPC and fast AMC to shared data channel in uplink

· The adaptive control of the target SINR value according to path loss for slow TPC is effective in increasing cell throughput (it is also called as fractional TPC) [5], [6]. Thus, we use the adaptive control of the target SINR according to path loss.

· As we described, the interference from the other cells may fluctuate with wide dynamic range according to the location of interfering UEs of the surrounding cells. Therefore, investigations on the effect of fast control against instantiates channel variation are FFS considering fluctuated other-cell interference.

· Following methods are considered to mitigate the influence of fluctuated other-cell interference and their effect is FFS

(1) Randomization of other-cell interference in frequency domain by frequency hopping

(2) Inter-Node B interference coordination to suppress strong interference from other cells 

4. Text Proposal

---------------------------------  Start of Text Proposal  -----------------------------------------------------

9.1.2.4
Power control

9.1.2.4.3
Fast Power Control

For the uplink control signaling channel, fast transmission power control to compensate for fast fading variation, should be adopted in order to achieve high quality transmission for these control signaling bits. 

The features of the fast transmission power control are as follows.
· The transmission power is controlled based on the CQI measurement results, which are originally required for link adaptation and channel-dependent scheduling for the uplink data channel. Additional uplink reference-signal transmission or the usage of other uplink control signaling channel for CQI measurement to improve the accuracy of the CQI-based transmission power control are also to be investigated.

· The required transmission power (or required transmission power relative to the pilot/data channel) is directly calculated based on the CQI value and fed back to the UE using multi-step power-control commands. Therefore, CQI-based TPC does not need the history of its own transmission power.

· For the uplink data-associated control signaling channel, the MCS information for the uplink data channel is utilized as the power-control command. Therefore, no additional feedback command is required in the downlink.

· For the uplink data-non-associated control signaling channel such as ACK/NACK of the downlink shared data channel, CQI of the downlink, and uplink scheduling request, multi-step power-control commands are fed back to the UE.
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Figure X – General description of fast transmission power control using multi-step power-control commands based on the CQI value for uplink
---------------------------------  End of Text Proposal  -----------------------------------------------------

Reference
[1] 3GPP, R1-051145, NTT DoCoMo, et al., “CQI-based Transmission Power Control for Control Channel in Evolved UTRA”
[2] 3GPP, R1-051393, NTT DoCoMo, et al., “CQI-based Transmission Power Control for Control Channel in Evolved UTRA Uplink”
[3] 3GPP, R1-060036, NTT DoCoMo, “Scrambling Code in E-UTRA Downlink”
[4] 3GPP, R1-061183, NTT DoCoMo, et al., “L1/L2 Control Channel Structure for E-UTRA Uplink”
[5] 3GPP, R1-060298, Nokia, “Uplink inter cell interference mitigation and text proposal”
[6] 3GPP, R1-060401, Motorola, “Interference Mitigation via Power Control, FDM Resource Allocation and UE Alignment for E-UTRA +TPs”


























































































































































































- 5/5 -

