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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 MTC 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 Initial and Subsequent System Access
PSS/SSS

For initial access, a Rel-13 low cost UE first needs to acquire PSS/SSS. Even though for a UE operating with coverage enhancements (CE), reliance on legacy PSS/SSS can lead to long acquisition times than can reach a few seconds, this can be acceptable as it is basically a singular event – re-synchronization after a long DRX can be much faster since the UE needs to only account for its clock drift. Nevertheless, evaluations only considered Rayleigh fading channels where, despite a minimal Doppler shift, there is full time diversity in periods of 100s of milliseconds and opportunistic fading can lead to PSS/SSS detection. PSS/SSS detection for Ricean fading channels should be further considered.

MIB

After PSS/SSS detection, the UE proceeds with MIB acquisition. Unlike PSS/SSS, the MIB detection time can be same for initial system access and for subsequent system access since the clock drift after a long DRX cycle can require SFN re-acquisition. However, for a UE operating with CE, MIB detection time after initial access can be reduced if MIB repetition cycles are either always ‘ON’ or are informed to the UE [3]. Therefore, the MIB design should ensure MIB detection for UEs requiring maximum CE and that the time required for this detection is minimized (UEs requiring maximum CE are the ones also requiring maximal power savings).
SIB

SIB detection is the most challenging part of the system access process as, due to its large size (~1000 bits), the SIB can require repetitions over hundreds of subframes, even when inter-subframe CRS/DMRS filtering and frequency hopping are used [4]. 
A first issue is whether the SIB is scheduled by EPDCCH or whether it is transmitted at predetermined subframes and RBs. If the SIB is scheduled by EPDCCH, it is possible to perform MCS/resource adaptation; otherwise the SIB needs to always be transmitted with a lowest MCS (determined by a combination of actual MCS and number of repetitions). 

A second issue, if SIB is not scheduled by EPDCCH, is for how long a UE will keep attempting to decode SIB before it declares a failure (the MIB can indicate support for CE operation or the UE can determine it needs to assume CE operation based on measurements). One approach is to specify (hard-code) the maximum number of SIB repetitions and the UE can keep trying to decode the SIB over the respective maximum number of subframes. The disadvantage is that such a number of repetitions can be very large and a network may not necessarily support the maximum number of SIB repetitions (e.g. CE for the cell can be much smaller than the maximum one). Then, the UE will unnecessarily keep receiving over hundreds of subframes and significantly prolong initial system access especially in TDD systems (this issue may not exist for subsequent system access as the UE can be informed by RRC signaling of the number of SIB repetitions). Another approach is to use ~2 spare bits in the MIB to indicate 1 of ~4 possible maximum numbers of SIB repetitions. This avoids having the UE unnecessarily perform a very large number of decoding operations but reserves spare bits in the MIB. It is noted that in case the SIB is scheduled by EPDCCH, it is also beneficial for the UE to know the maximum number of EPDCCH repetitions but, even if hard-coded, this number will be much smaller than the maximum number of SIB repetitions and thus have a much smaller impact on UE power consumption.
A third issue is whether a Rel-13 low cost UE should know whether a network supports its access before proceeding to detect SIB. Inclusion of 1 bit in the MIB can indicate whether the network supports access from the Rel-13 low cost UEs; otherwise, some additional power consumption should be tolerated for initial access before the UE attempts to find another network.
A fourth issue is the starting subframe symbol for DL transmissions including SIB transmissions. In many operating conditions, such as off-peak hours, suburban cells, small cells, etc., the legacy control region can occupy one subframe symbol. Requiring that DL transmissions to Rel-13 low cost UEs start after the third subframe symbol leads to a loss of 2/11=18% of additional resources and a respective degradation in spectral efficiency and increase in number of repetitions. For the SIB transmission, this means tens or possibly hundreds of additional repetitions for UEs requiring maximum coverage enhancements. 
Observation 1: Indication by MIB spare bits of whether the network supports access for Rel-13 low cost UEs and for the maximum number of SIB repetitions can reduce UE power consumption. Whether the SIB is scheduled by EPDCCH or transmitted with predetermined MCS in predetermined resources can also affect average UE power consumption.

Observation 2: Indicating in the MIB the starting subframe symbol for PDSCH/EPDCCH transmissions can result to a large reduction in the number of SIB repetitions. 

RAR/Paging

Similar to SIB transmission, a first issue is whether or not RAR/paging transmissions are scheduled by EPDCCH. Scheduling by EPDCCH can adapt the MCS and the resources and can provide flexibility to the network. The number of EPDCCH repetitions for a compact DCI format that may potentially schedule RAR/paging needs to also be considered. For the RAR, each message should not include unnecessary information.
A second issue is whether RAR/paging messages address a single UE or a group of UEs. Transmitting RAR/paging per UE can result to a smaller number of repetitions as the message size becomes smaller but also leads to reduced spectral efficiency and blocking as not all UEs can be simultaneously served particularly when each transmission requires 6 RBs and is over multiple subframes. Also, if the RAR/paging messages are not scheduled by EPDCCH, the UE can unnecessarily consume power expecting to decode RAR/paging in predetermined resources when there is no such transmission (EPDCCH may require less repetitions than RAR/paging or a UE may anyway decode EPDCCH for other purposes). Therefore, both in terms of spectral efficiency and average UE power consumption, it is likely that using UE-specific RAR and paging messages is detrimental. Considering that RAR/paging messages for a group of UEs can have a size that is much smaller than the SIB size and comparable to the size of data TBs, it is preferable to not change Rel-12 operation and maintain support for UE-group specific RAR/paging [5].

Observation 3: RAR/paging messages are not a major consideration for UE power consumption. It is preferable to not change the Rel-12 functionality for UE-group specific RAR/paging messages.

UL transmissions

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 [6]. Msg3 can be transmitted with the same CE level as the RA preamble for which the UE detects a respective RAR. 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 [7].

Observation 4: 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 is according to the CE level of the RA preamble with a subsequent RAR detection).

2.2 Data/Control Transmissions

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 [11]. CRC length reduction and use of convolutional coding can be considered for small MCS. 
As for the SIB, DL transmissions should not be forced to always occur after 3 subframe symbols. For PUSCH transmissions that require most of the UE power consumption, narrowband transmissions can also be beneficial to improve channel estimation and reduce the number of required repetitions for UEs requiring large CE [7].
Observation 5: Power reduction for PDSCH/PUSCH requires minimizing a respective number of repetitions for a respective configured CE level. 
EDDCCH
In addition to using physical layer means, such as enabling inter-subframe RS filtering and using frequency hopping, minimizing applicable DCI format sizes to only convey useful information is also needed to reduce a respective number of repetitions and UE power consumption [8]. CRC length reduction is FFS as a UE operating with CE should be allowed to attempt EPDCCH detection with a smaller number of repetitions than the configured one in order to reduce power consumption and this should be protected from CRC false checks. For UEs operating with CE, the number of blind decoding operations per subframe is also expected to be significantly reduced and a single DL/UL DCI format can be used for scheduling PDSCH/PUSCH transmissions [9].
Enhancements to SPS PDSCH/PUSCH transmissions can also apply as, for some applications such as metering, PDSCH/PUSCH receptions can be triggered to/from a group of UEs and occur in predetermined resources over long time periods.
Observation 6: DCI formats for Rel-13 low cost UEs should not include unnecessary information. The number of blind decoding operations can be significantly reduced and a single DL/UL DCI format can be used for PDSCH/PUSCH scheduling. UE-group triggering of SPS PDSCH/PUSCH transmissions can reduce EPDCCH overhead. Further, power reduction for EPDCCH requires minimizing a respective number of repetitions for a respective configured CE level.
PUCCH

Periodic CSI transmission from a UE is not be necessary and it can be left to the network implementation to trigger A-CSI transmission (although this is at the expense of an associated EPDCCH transmission, it improves use of the UE transmission power). Alternatively, configuration for P-CSI transmission can be left to network implementation as UE complexity is not affected by also supporting transmission of PUCCH Format 2.

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 [10].

Observation 7: P-CSI transmission can left as a network choice. HARQ-ACK/SR transmission should enable use of both inter-subframe RS filtering and frequency hopping in order to minimize repetitions and UE power consumption.

2.3 Implementation Aspects
Implementation means can be used/enabled to reduce UE power consumption. UE processing relaxation for turbo/convolutional decoding was previously discussed but it is unclear whether there is any meaningful impact on UE power consumption considering the small/medium size TBs given the restriction on peak rate. 

Restriction to QPSK modulation can be allowed for the DL, especially since a Rel-13 low cost UEs is highly likely to require repetitions for DL transmissions, in order to reduce ADC power consumption. QPSK or even introduction of π/2-BPSK can be considered in the UL in order to minimize the cubic metric and the PA back-off and DAC power consumption.

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.
Observation 7: Limiting modulation to QPSK in the DL and to QPSK or π/2-BPSK in the UL can offer power reduction without penalizing spectral efficiency. 
2.4 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. Measurements for CSI are FFS, particularly for coverage limited UEs, given the ability to receive only in 6 PRBs and the likelihood for substantial measurement errors. 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: Indication by MIB spare bits of whether the network supports access for Rel-13 low cost UEs and for the maximum number of SIB repetitions can reduce UE power consumption. Whether the SIB is scheduled by EPDCCH or transmitted with predetermined MCS in predetermined resources can also affect average UE power consumption.
Observation 2: The MIB can indicate the starting subframe symbol for PDSCH/EPDCCH transmissions in order to reduce the number of SIB repetitions. 

Observation 3: RAR/paging messages are not a major consideration for UE power consumption. It is preferable to not change the Rel-12 functionality for UE-group specific RAR/paging messages.

Observation 4: 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 is according to the CE level of the RA preamble with a subsequent RAR detection).
Observation 5: Power reduction for PDSCH/PUSCH requires minimizing a respective number of repetitions for a respective configured CE level. 

Observation 6: DCI formats for Rel-13 low cost UEs should not include unnecessary information. The number of blind decoding operations can be significantly reduced and a single DL/UL DCI format can be used for PDSCH/PUSCH scheduling. UE-group triggering of SPS PDSCH/PUSCH transmissions can reduce EPDCCH overhead. Further, power reduction for EPDCCH requires minimizing a respective number of repetitions for a respective configured CE level.

Observation 7: P-CSI transmission can left as a network choice. HARQ-ACK/SR transmission should enable use of both inter-subframe RS filtering and frequency hopping in order to minimize repetitions and UE power consumption.

Observation 8: Limiting modulation to QPSK in the DL and to QPSK or π/2-BPSK in the UL can offer power reduction without penalizing spectral efficiency. 
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