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Discussion and Decision
1
Introduction
In [1], it was proposed that UE power consumption can be lowered by reducing measurements and measurement reports.  It was agreed in RAN1#80 to consider simplified channel feedback for MTC power savings at least for coverage enhanced MTC UEs. In this contribution, we consider several ways to reduce UE measurements and measurement reports. 
2

Measurements and Reports
In [1], power consumption analysis for a typical MTC device was performed. At the UE, three stages are considered – active transmit, active receive (either receiving data or performaning measurements), and sleep mode. The default current drawn and power consumption values are provided in Table 1 [1]. From the table, it can be seen that Tx consumes much more power than Rx. Thus, to minimize power consumption, it is most beneficial to concentrate on limiting the transmission time of the UE.
Table 1. UE current and power consumption.
	Description
	Current Consumption
	Power Consumption at 2.4V

	Transmitting current drawn
	100mA
	240mW

	Receiving current drawn
	20mA
	48mW

	Leakage current
	15uA
	36uW


The following measurements and measurement reports are performed by the UE.

RRM 

The UE will perform measurements as configured by the E-UTRAN. The following measurements are possible based on TS36.331–
· Intra-frequency measurements of serving cell.

· Inter-frequency measurements of serving cell.
· Inter-RAT measurements of UTRA, GERAN, or CDMA2000 frequencies.

The E-UTRAN can configure the desired measurements, reporting configurations, measurement identities, quantity configurations, and measurement gaps. 
For LC-MTC UEs, certain types of measurements may not be necessary e.g. inter-RAT since LC-MTC UE may support only a single RAT. Furthermore, it might support only a limited number of frequency bands (e.g. one or two) due to cost reduction, and thus might not require inter-frequency measurements in case of fixed frequency deployment within a single operator. However, to limit support of such measurements at this point would be too restrictive considering future deployments. Currently, these measurement options are configurable by the eNB and it should remain up to eNB implementation whether to configure them or not.
For each measurement report, the reporting configuration and measurement gap determine the reporting trigger and when UE can perform measurement if a gap is needed. Currently, the reporting trigger can be either periodical or event driven. The periodic reporting interval can be between 120ms to 60mins, with three spare values. In case of event driven reporting, several events have been defined but generally it is based on measurement becoming better/worse than threshold. For LC-MTC UEs, periodic reporting may be still needed for some applications (e.g. consumer electronics or wearables) where handover would still be supported.
For UEs in coverage enhancement, however, the time to measurement and the reporting time increase substantially. Consequently, energy consumption increases substantially in coverage enhancement as well. In [1], energy consumption required for the UE to access the system and transmit 1000 bits of data was evaluated. It was shown that energy consumption increases from 12.9 mJ at 140.7dB MCL to 1371.4 mJ at 155.7dB MCL. In this case, periodic measurements and measurement reports would quickly drain the battery. One potential solution here is to support aperiodic measurement report, where the eNB can trigger the UE to perform desired RRM measurements and report the results. An alternative is to configure long measurement period and use event trigger reporting. New triggering events might be added into the list as appropriate.
In addition, for idle mode mobility, the UE is required to measure the RSRP and RSRQ level of the serving cell and evaluate cell selection criteria at least every DRX cycle. This may not be necessary for MTC UEs which may have limited mobility and delay-tolerant traffic. Similarly, TS 36.133 specifies UE measurement capability and the minimum times to identify new cells and perform measurements. For LC-MTC and CE UEs, further relaxation of RRM measurement requirements should be considered as well.
RLM 

For RLM, the UE shall monitor the downlink link quality based on the CRS to determine whether it is in-sync or out-of-sync. There are two thresholds that determine the downlink quality (Qin and Qout) based on hypothetical performance of the PDCCH. Qin corresponds to the 2% BLER of the PDCCH while Qout corresponds to the 10% BLER of the PDCCH.
For LC-MTC UEs, different Qin and Qout values would be required due to the control channel being based on the EPDCCH, 1Rx antenna, and also loss of frequency diversity. In addition, EPDCCH uses DMRS for demodulation, and thus adjustments would be needed to map the EPDCCH radio link quality based on the CRS. One possibility is that in-sync or out-of-sync determination for LC-MTC UEs is still based on hypothetical performance of the PDCCH. However, it is not clear whether PDCCH will be supported at all for LC-MTC UEs. In case it is not supported, it would require extra efforts to use definition based on PDCCH.
Furthermore, for UEs in coverage enhancement, in-sync or out-of-sync determination would have to be adjusted correspondingly as control channel coverage is extended. For example, different Qin and Qout values may be used. One issue is that radio link quality measurements can be quite poor in very low SINRs. For instance, results from [2] show that, at -14.3 dB SNR, the measurement error range is ±12.9dB including a 4dB RF margin. As a result, UEs in coverage enhancement might not be able to accurately determine whether it is in-sync or out-of-sync based on current radio link quality procedure.
Similar to the RRM requirements, RLM requirements may be relaxed for LC-MTC and CE UEs as well. 
CSI and PMI
In RAN1#80, it was agreed that, there is no support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement. If CSI feedback is desired by the eNB, apriodic reporting may be used. 
For LC-MTC UEs in normal coverage, CSI and PMI may be used to convey short term channel information. CSI information helps with scheduling, MCS selection and link adaptation. This information can be obtained from either periodic or aperiodic CQI report. Alternately, the eNB can use RSRP/RSRQ reporting by the UE and outer-loop link adaptation to select MCS. They reflect long-term channel characteristics which may be sufficient for UEs with low or no mobility. With respect to PMI, in some cases, the UE may be able to achieve considerable beamforming or precoding gain. This is especially true for systems with large number of antennas. With limited or no UE mobility, the preferred PMI may remain unchanged for a long term. Hence, periodic PMI reporting on the PUCCH may not be needed. However, it may be beneficial to transmit long-term PMI report to the eNBs using aperiodic reporting on the PUSCH. Therefore, it should be consider further whether aperiodic CSI/PMI may be sufficient for also for LC-MTC UE.

3
Conclusion
In this contribution, we consider several ways to reducing UE measurements and measurement reports. They include not configuring or supporting certain measurements, relaxing the measurement requirements, and using aperiodic measurement reports.
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