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1. Introduction

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

2. TPC in Downlink

2.1. Common Channel

For the downlink common channels such as the common reference signal, the broadcast channel, the paging channel/paging indicator channel, the 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 an adaptive repetition factor can be used in order to maintain the received signal-to-interference plus noise power ratio (SINR) to the target value.

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

· Fast TPC

· No additional control information for decoding the L1/L2 control channel is necessary
· Larger other-cell interference variation in the frequency/time domain compared to AMC may occur

· Fast AMC

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

Since transmission of additional MCS information of the L1/L2 control channel as Cat. 0 information becomes redundant overhead, we consider that TPC should be a baseline link adaptation method of the downlink L1/L2 control channel. To achieve fast TPC, we can use CQI report-based TPC [1, 2] without any specification similar to that for HSDPA. However, to satisfy the coverage requirement in a large cell, we believe that complementary use of AMC for the L1/L2 control channel will be necessary. A detailed method to combine the TPC and AMC control is FFS.

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

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

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

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

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

· By using FDM/TDM with cell-specific frequency/time mapping, the other cell interference fluctuation in the frequency/time domain due to individual TPC is randomized
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(a) Option 1: CDM
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(b) Option 2: FDM/TDM with cell-specific frequency mapping
Figure 2 – Proposed randomization or averaging methods against other cell interference due to individual TPC

2.3. Shared Data Channel

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

3. Conclusion

This paper presented our views on the application of TPC in the E-UTRA downlink. Furthermore, we proposed randomization methods against the other cell interference due to individual TPC for the downlink L1/L2 control channel.
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