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1. Introduction
In Rel-13 eMTC, the UE has to monitor MPDCCH every DRX ON cycle to determine if there is any transmission available for him. In many cases, and especially for applications that require relatively low latency (and, therefore, short DRX cycles), the UE will monitor MPDCCH and find that there is no grant available for him. Even for UEs in very good coverage, this implies to receive at least one entire subframe and blindly decode MPDCCH. In this contribution, we present enhancements that can be considered in the future to reduce the power consumption when decoding MPDCCH.
2. Early indication of MPDCCH presence
In LTE, PDCCH is transmitted in the first OFDM symbols of every subframe. With this TDM technique, the UE can determine that no PDCCH is available before finishing the reception of the subframe, and can turn its receiver off. For example, for a 1 symbol control + 3 symbols of PDCCH processing, the UE can achieve RF/baseband power savings of 10/14 = 71% when no grant is transmitted.
Unfortunately, MPDCCH requires receiving the whole subframe to demodulate. Even an advanced UE in very good coverage would require to receive at least the first slot to get the DMRS for demodulation, so the power savings are going to be much smaller.
Observation 1: Legacy LTE UEs can early detect if PDCCH is present, and turn the receiver off for the rest of the subframe. This is not possible with MPDCCH.
This effect is also present when the UE is in small coverage extension (e.g. 4 repetitions needed): the UE has to stay awake for 4ms every DRX cycle to monitor MPDCCH.
One possible solution to this problem is to introduce a new signal that carries a single bit (ON/OFF) per UE, this bit indicating if MPDCCH is present in the subframe or not. This signal can be transmitted in one of the first OFDM symbols of the subframe, and the UE can use it to early detect the presence of MPDCCH. We show one example of this signal in Figure 1. The signal is transmitted in the third OFDM symbol, and it can be a known sequence for the UE (e.g. similar to CRS). If the UE finds this sequence, then it means that there is an MPDCCH for this particular UE, and thus the UE shall process the rest of the subframe. If no signal is found, the UE can assume that there is no grant for him, and can turn the receiver off. In the example below, with 1 OFDM symbol to detect the signal (note that this detection may not require decoding, but a mere cross-correlation with a known sequence), power savings of approximately 71% can be achieved. Even with 3 symbols for processing the power savings are of 57%.
Observation 2: Introducing a new signal that indicates presence of MPDCCH for a UE can lead to large power savings when monitoring MPDCCH.



Figure 1 A new signal or channel is transmitted in the third symbol. The UE only processes the rest of the symbol if this signal is found.

3. Narrowband control
The rationale behind the technique in the previous section is to reduce the UE power consumption by reducing the time it is ON. An alternative solution would be to keep the basic time unit (e.g. 1ms), but reduce the processing power needed to detect the presence of a control channel. Reducing the bandwidth (e.g. to 1PRB or less- 1 subcarrier in the limit) would enable the UE to implement a low power receiver that would be running when no traffic is active. Similar ideas have been presented for different technologies under the framework of low-power wake-up receiver (e.g. [1-2]).
[bookmark: _GoBack]Similarly to the idea presented in the previous section, this narrowband control can be an indication of the presence of a wider bandwidth control (e.g. 6PRB MPDCCH) or it may include the DCI itself (this may be feasible in good coverage conditions). We show an example of this operation in Figure 2. Our understanding of the increased bandwidth option in Rel-14 is that the MPDCCH bandwidth is kept unchanged, and may also support this reduced bandwidth MPDCCH (e.g. 1PRB, similar to NPDCCH)
Observation 3: A lower bandwidth control channel (e.g. MPDCCH of 1PRB) can provide further power savings to a UE, similar to low-power wake-up receivers.



Figure 2 UE monitors a signal in 1PRB. When the signal is received, it moves to 6PRB mode to receive MPDCCH. Alternatively, the grant (or a reduced grant) may be contained in the 1PRB signal.

4. Conclusions
In this contribution we presented two power consumption reduction techniques that can be applied to eMTC, based on reducing the amount of time or frequency needed to determine if a control channel is present. These techniques can deliver power savings in scenarios where the DRX cycles are short, and the UE monitors MPDCCH with relatively high frequency but the amount of received grants is small. This can be applicable to both connected mode DRX and idle mode DRX (e.g. paging monitoring). As part of existing Rel-14 work item on “Further eMTC enhancements”RAN1 should consider power savings enhancements for IoE solutions such as techniques presented above.
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