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1. Introduction

This contribution discusses the power saving issue of MTC transmission as required in the new SI “FS_MTCe_RAN” REL12 [1]. This paper discusses RAN specific issues including RAN scenarios, achievable gains bound, measurement periods and potential methods to facilitate the MTC UE to do measurements.

2. Discussion
2.1 Idle mode MTC
For the idle mode UE, there are scenarios: on-vehicle or stationary. It is noted that the MTC can know whether it moves or not by configuration or channel measurement. 
2.1.1 Idle mode on-vehicle MTC
On-vehicle MTC experiences a typical mobile channel. As the channel measurement needs some time, it is impossible to trace the fast fading which in general changes in milliseconds. The shadow fading caused by the buildings and foliage changes slowly enough. And the shadow fading is correlated for downlink and uplink because it mainly depends on the environment [5]. Hence, it is helpful to guess the UL channel fading gain by measuring the downlink signals, though not very accurate. The guessed the gain is not accurate but it is helpful to choose the access occasion. The bound of shadow fading is discussed as follows. Based on the 3GPP ETU70 channel model, the shadow fading with time is plotted in figure 1. It can be seen that there are two occasions that the shadow fading gain could be as high as 14dB for the approximately 139s. Hence, the needed transmission power could be ideally the 1/25. In general, the longer the waiting time, the higher gain might be achieved. 
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Figure 1: Shadow fading gain

If the channel condition goes worse and worse, the UE may finally experience the worst channel condition after period of measurement and waiting. To reduce such risk, multiple thresholds can be applied to ensure the threshold easier to reach when approaching the access window timer expiration. Two examples of such thresholds are shown in the figure 2. One is a two-threshold based scheme and the other is a linear threshold to the timer.  
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Figure 2: access thresholds

2.1.2 Idle mode stationary MTC
The wireless channel is much different for stationary UE from the mobile UE. As discussed in [3] and the agreements of RAN1#72 [4] that the channel changes very slowly, i.e. only 1Hz Doppler shift. The fast fading channel has some of the characteristic of the shadow fading, slow enough for the UE to trace. The channel gain is simulated and shown in Figure3, where it can be seen that the channel fading gains may be as high as 10dB and may retain for seconds. The good channel occurs on the level of 10s for 10dB gain, and the measurement period would be in the range of 10ms to 100ms.
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Figure 3. Fast fading gains over a 10MHz BW
The detailed analysis of the channel fading gain and its duration is shown in figure 4. For 10dB fast fading gain, 50% occurrences have the durations longer than 317ms. For 5dB gain, this increases to 472ms.  And furthermore, for 5dB gain, 90% occurrences are longer than 250ms.  Therefore, the fast fading is quite probable to be tracked, and this contributes to the coverage. 
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Figure 4. Fast fading gain duration CDF
The tracking of fast fading is particular useful for TDD. For FDD the correlation between UL and DL is not very high. However, it would be useful for the UE to know if the channel condition is going to be better or not. The power saving MTC UE may use separate preambles, so that the eNB can take care of them. Since the UE is stationary, the transmission power can be easily determined by the previous accesses, i.e. the complex power ramping may not be necessary. The eNB may configure a detection threshold and only allow the access if the channel condition is favorable. Alternatively, the thresholds could be left to UE implementation.  
It has been shown that power savings are possible by delaying the transmission until UE experience better radio conditions.
3. Conclusion

In this paper, the MTC power saving issue is discussed. For the UE in idle mode, it can trace the channel variation which is helpful to select the proper access occasion.  It has been shown that power savings are possible by delaying the transmission until UE experience better radio conditions.
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