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1 Introduction

In this contribution, we provide MTC UE power consumption reduction considerations based on the approved WID [1].
The detailed objectives for power consumption reduction for MTC UEs identified in the WID [1] are as below:
	· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life:
· When defining the detailed solutions for the Rel-13 low complexity UEs and the solutions for coverage enhanced UEs, strive to reduce active transmit/receive time (e.g., minimizing the required number of repetitions by minimizing sizes of control messages).

· Modification, including redesign, addition or removal, of signals/channels can be considered if this can achieve significant power consumption reduction.

· Reduction of measurement time, measurement reporting, feedback signalling, system information acquisition, and synchronization acquisition time etc., can be considered if this can achieve significant power consumption reduction.


The power consumption analysis of Rel-12 technical solutions in TR36.888 [2] can be referenced for further discussion of Rel-13 low cost UE standardization.
2 Power Reduction Aspects  
Rel-13 low cost UEs are required to support very long battery life (several years). A Power Saving Mode (PSM) was introduced in Rel-12 and extended DRX is considered in Rel-13 to assist with increasing UE battery life. Even though total power consumption from a Rel-13 low cost UE in DRX is not zero (leakage current, internal clock maintenance, etc.), it is only a small portion of the power the UE consumes when it is receiving and, especially, when the UE is transmitting. Therefore, RAN1 focus on power reduction techniques should be on the ones identified in the WID, namely reductions in active transmit/receive time, modification/removal of signals/channels, and reduction in measurements and in system access time. 
2.1 Physical Layer Aspects
For physical layer aspects, focus is on reducing UE power consumption for UL transmissions as this is more important than for DL transmissions (even without considering the typically more UL-dominant traffic). Physical layer aspects for reducing numbers of required repetitions for DL channels were outlined in [3] and, although not as significant on power consumption as ones for UL channels, they can meaningfully improve spectral efficiency that is always an important metric in the system design. 
RA Preamble and Msg3
UL transmissions for system access include the RA preamble and Msg3. For initial access, alternatives for a UE to transmit the RA preamble are discussed in [4]. Msg3 can be transmitted with the same CE level as the RA preamble for which the UE detects a respective RAR (unclear whether any further adjustment by information in the RAR is needed). In any case, power consumption for RA preamble or Msg3 transmission for initial access is not an issue. For subsequent system access (e.g. after the UE exits DRX) the configured CE level can be used. Power consumption can be reduced by minimizing the number of repetitions and this can be achieved by a combination of inter-subframe averaging and frequency hopping [4].

Observation 1: For non-initial access, a UE can transmit RA preamble and Msg3 according to respective configured numbers of repetitions. For initial access, there is little benefit in optimizing power consumption for RA preamble transmission (Msg3 transmission can be according to the CE level of the RA preamble with a subsequent RAR detection).

PDSCH/PUSCH
Minimizing the required number of repetitions is the only parameter for PDSCH/PUSCH transmissions. This can be achieved by a combination of inter-subframe RS interpolation to improve channel estimation and of frequency hopping to provide frequency diversity. Alternatively, if accurate sub-band CSI can be provided, the eNB can configure to a UE a sub-band for PDSCH reception or PUSCH transmission and not configure frequency hopping [5]. CRC length reduction and use of convolutional coding can be considered for small MCS. Moreover, using convolutional coding instead of turbo coding for data TBs below about 130 bits (as for A-CSI or for DL DCI formats) can provide gains that approach 1 dB and therefore have a meaningful impact in reducing a respective number of repetitions [6].
Observation 2: Power reduction for PDSCH/PUSCH requires use of techniques, such as inter-subframe DMRS interpolation, frequency hopping or sub-band selection, and use of convolutional codes for small data TBs, in order to reduce a respective number of repetitions for a respective configured CE level. 
PUCCH

CSI transmission from a UE can be left to the network implementation whether to configure (P-CSI) or trigger (A-CSI). Once configured or triggered, CSI payloads can be reduced (especially for Rel-13 low cost UEs operating with coverage enhancements) in order to reduce a respective number of repetitions without affecting system spectral efficiency [7]. 

HARQ-ACK transmissions should be supported to enable physical layer HARQ operation. Similar to PUSCH, the combination of using inter-subframe DMRS interpolation and using frequency hopping can apply to minimize the number of repetitions. SR can be transmitted in the same manner as HARQ-ACK [8]. As repetitions can apply RV cycling (also, for small data TBs there is little/no difference between chase combining and incremental redundancy), there is no need for the low cost UE to report NACK. This reduces power consumption both due to reduced number of repetitions when the UE transmits ACK (eNB only need to detect 2 states – ACK and DTX/NACK – instead of 3 states) and due to absence of transmission when the UE has a NACK. Moreover, HARQ-ACK multiplexing needs to be supported in the PUSCH, as for legacy UEs, as this actually can result to a reduced number of total repetitions for data and HARQ-ACK from the Rel-13 low cost UE [8].
Observation 3: Power reduction for CSI reporting can be achieved by reducing CSI payloads to reflect operating conditions for coverage limited UEs. Power reduction for HARQ-ACK transmission can be achieved by using a 2-state reporting, instead of a 3-state one, and by allowing the network to coincide PUSCH and HARQ-ACK transmissions for a Rel-13 low cost UE.

2.2 Implementation Aspects
In addition to power reduction relying on physical layer mechanisms, different capabilities for low cost UEs can be considered. For example, in order to extend battery life, it may be advantageous for an implementation to have increased cost and use 2 Rx antennas. This can improve power consumption for DL receptions but may also do so for UL transmissions through antenna selection. Similar, it may be advantageous for an implementation to use a 23 dBm PA instead of a 20 dBm PA (at least according to current state-of-the-art implementations, this will also preclude half-duplex operation) as it requires more than 2x repetitions to gain 3 dB. 

Making it a UE capability to support QAM should also be considered. This can have a direct effect on the ADC requirements and power consumption and on the receiver design and directly affect both cost and overall power consumption. Due to the 1 Rx antenna and the restriction to receive within 6 PRBs, a Rel-13 low cost UE will likely need to receive PDSCH with repetitions or with small MCS. Also, for many Rel-13 low cost UE applications, traffic will be UL-dominant and DL data TBs will be small and mostly consist of RRC-reconfiguration messages. In all these cases, support QAM for DL data transmissions is an unnecessary source for UE power consumption and cost. 

UE processing relaxation for turbo/convolutional decoding was previously considered but it is unclear whether there is any impact on UE power consumption considering the small/medium size TBs given the restriction on peak rate. 

Finally, half-duplex operation is already allowed by the WID and can also result to reduced power consumption due to smaller insertion loss and required electrical power (but a 20 dBm PA needs to also be assumed in practice).
Observation 4: Limiting modulation to QPSK in the DL and using (by implementation) some cost increasing mechanisms such as 2 Rx antennas or 23 dBm PA (with full-duplex FDD operation) can offer power reduction and improve spectral efficiency. 
2.3 Measurements
UEs requiring CE are expected to operate with limited mobility and therefore do not require frequent RRM measurements. Measurements related to handover or idle mode mobility may also be unnecessary. In general, measurements for Rel-13 low cost UEs should also be made infrequent since they will be prolonged due to the inability of a UE to receive over the entire DL system BW or due to CE operation for which large measurement inaccuracies can occur.
3 Conclusions

This contribution discussed power consumption reduction for Rel-13 low cost UEs. The following observations are made.


Observation 1: For non-initial access, a UE can transmit RA preamble and Msg3 according to respective configured numbers of repetitions. For initial access, there is little benefit in optimizing power consumption for RA preamble transmission (Msg3 transmission can be according to the CE level of the RA preamble with a subsequent RAR detection).

Observation 2: Power reduction for PDSCH/PUSCH requires use of techniques, such as inter-subframe DMRS interpolation, frequency hopping or sub-band selection, and use of convolutional codes for small data TBs, in order to reduce a respective number of repetitions for a respective configured CE level. 

Observation 3: Power reduction for CSI reporting can be achieved by reducing CSI payloads to reflect operating conditions for coverage limited UEs. Power reduction for HARQ-ACK transmission can be achieved by using a 2-state reporting, instead of a 3-state one, and by allowing the network to coincide PUSCH and HARQ-ACK transmissions for a Rel-13 low cost UE.

Observation 4: Limiting modulation to QPSK in the DL and using (by implementation) some cost increasing mechanisms such as 2 Rx antennas or 23 dBm PA (with full-duplex FDD operation) can offer power reduction and improve spectral efficiency. 
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