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Yih-Shen Chen, Chih-Yuan Lin, I-Kang Fu and Paul Cheng
MediaTek Inc.
1. Introduction
The general goal of power control is to maintain received SINR to combat channel fading (long-term and short-term), to mitigate spurious interference and to save battery life. In the contribution, we discuss the UL power control scheme. There are two operational modes for power control: open-loop power control (OLPC) and closed-loop power control (CLPC). For the UL OLPC scheme, MS measures the downlink preamble and use the link quality information to update the transmission power. Channel reciprocity is the basic assumption for the OLPC scheme, which is valid in TDD transmission mode. Since the MS adjusts its transmission power by itself, the signaling overhead is low. The OLPC scheme can be used to mitigate the long-term fading and its performance may degrade due to measurement error. Contrarily, for the UL CLPC scheme, BS compares the received UL signal with a desired target and generates a power control command to adjust UL transmission power. The CLPC scheme can be applied in both TDD and FDD transmission mode. Compared with OLPC scheme, the CLPC scheme is more suitable to mitigate short-term fading, but the performance may suffer from control-loop delay.
2. Power control scheme for 802.16m
Figure 1 shows an example of applying CLPC scheme in 802.16e TDD. In the figure, we can see that, after MS sends an UL packet in frame m, BS feedbacks an update command in frame m+2. And then, the MS send a new packet with adjusted transmission power at frame m+3. The overall control-loop delay is as large as 15ms due to the limitation of frame structure [1]. Obviously, the control-loop delay is too long for CLPC scheme. That is the reason why the CLPC scheme is only for 802.16e FDD mode, not suitable for TDD mode. 
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Figure 1: An example of applying CLPC in 802.16e TDD

However, for 802.16m TDD mode, the CLPC scheme becomes practical. Figure 2 shows an example of applying CLPC scheme in 802.16m TDD. In the example, it is assumed that the BS processing time is 2 subframes. MS sends an UL packet in the 7th subframe of frame m, and BS feedbacks a power control command in the 2nd subframes of frame m+1. And then, MS can update its UL transmission power at the same frame. Since the control-loop delay is reduced from 15ms to 5ms, it is possible to track the channel variation. Consequently, the CLPC scheme can effectively mitigate the effect of short-term fading. In the contribution, it is recommended that both the closed-loop power control scheme and open-loop power control scheme can be applied in 802.16m TDD and FDD modes. For pedestrian and low-mobility MS, OLPC scheme is good enough to combat the slow variation of channel fading; for high-mobility, CLPC scheme is a better choice.
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Figure 2: An example of applying CLPC in 802.16m TDD

In the UL CLPC scheme, a periodic UL signal is required for measurement and closed-loop control. CQI feedback and persistent allocation data are possible candidates because of their circuit-switch characteristic [2]. In general, the CQI feedback interval is longer than data transmission interval due to the feedback resource efficiency. And also, BS can measure the pilot tones of the UL data. UL-data-based CLPC may be more suitable for higher mobility scenario.

3. Power control and link adaptation
In a broader way, both power control and link adaptation can be viewed as techniques to combat the channel fading. Link adaptation operates in long-time scale while power control operates in a short-time scale. Link adaptation is performed via adjusting MIMO mode, modulation and coding scheme (MCS) or desired power level. It is possible to combine the two schemes for better transmission control.

 In uplink transmission, BS can measure channel conditions and post-processing signal qualities of overall MSs, and then determines MIMO mode and MCS of each MS based on the measurement. To achieve this, a pre-defined mapping rule between performance metric and MIMO mode/MCS should be first established. Then, BS is able to directly choose MIMO mode and MCS for each MS after calculating the specific performance metric. One example of joint MIMO mode and MCS adaptation is shown in Figure 3. It is seen from the figure that BS can choose a MIMO/MCS combination to obtain highest capacity for each MS, based on the effective SINR.
    However, when the system is fully loaded or many MIMO/MCS levels exist, the downlink control overhead is expected to be large if link adaptation is frequently executed. In these cases, combining link adaptation with power control scheme is widely recognized as a remedy for overhead reduction. Link adaptation scheme determines an appropriate MIMO/MCS based on measurement and a corresponding desired power level. Then, power control scheme fine-tunes transmission power of each MS, in order to compensate channel-induced effective SINR variation. In this way, BS is allowed to reduce frequency of link adaptation. The details of the synergy between power control scheme and link adaptation scheme is FFS.
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Figure 3: Example of relationship of effective SINR and sustainable MIMO-MCS level

4. Text Proposal

[Insert the following text in TGm SDD]
----------------------- TextStart -----------------
10.x.1 Power Control

The general goal of power control is to maintain received SINR to combat short-term channel fading (long-term and short-term), to mitigate spurious interference and to save battery life. Both the closed-loop power control (CLPC) scheme and open-loop power control (OLPC) scheme can be applied in 802.16m TDD and FDD modes.

In a broader way, both power control and link adaptation can be viewed as techniques to combat the channel fading. Link adaptation operates in long-time scale while power control operates in a short-time scale. Link adaptation is performed via adjusting modulation and coding scheme (MCS) or desired power level. It is possible to combine the two schemes for better transmission control.
----------------------- Text End -----------------
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