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1 Introduction
The Rel-13 MTC WI [1] has the joint overall objectives of reducing complexity and enhancing coverage, whilst providing a reduction in UE power consumption. In the power consumption reduction (PCR) objectives is included:
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life:
· 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
This contribution discusses what reporting relaxations can mean for PCR in Rel-13 MTC.
2 Reporting in LTE
There are a few basic types of information in LTE that can be seen as UE reporting:

A1.
Measurement reporting
A2.
Inter-RAT measurement reporting

B1.
CSI feedback

B2.
PMI/RI feedback, if configured

PCR from reporting relaxations can come from two main directions: (i) reduction of on-time to conduct measurements; and (ii) reduction of transmit power and on-time to send the report to eNB.
2.1 General design conditions

Items A1 and A2 in the list above are mostly for handling inter-cell situations, when handover is approaching, etc. They operate on a relatively slow time scale. Items B1 and B2 are designed to provide feedback to aid the millisecond level scheduling in LTE. Both sets of reporting can be periodic or aperiodic. In the case of measurement reports, they can be configured for periodic sending, or they can be event triggered, after which they are then periodic for a time. The CSI/PMI/RI feedback can also be periodic or aperiodic according to configuration. In both reporting sets, the aperiodic reports are being triggered specifically for some reason (e.g. UE is approaching a cell-edge, or eNB requires updated CSI for scheduling purposes). These occur only as needed and at important times, and relevant to A1 and A2, RAN2#84 agreed that “enhanced coverage capable UEs as well as low complexity capable UEs support the existing connected mode mobility procedures”. Relaxing the UE’s behaviour toward these reports is unlikely to have significant power consumption reduction because they are aperiodic, but would be likely to result in the network not having information at crucial moments. 
Proposal 1:
Do not introduce UE reporting relaxations for aperiodic and triggered reporting.
On the other hand, for periodic reporting, MTC may have characteristics that allow some relaxation, especially when considered with other parts of the Rel-13 WID:
· Slowly-changing channel conditions due to limited mobility

· Temporally sparse traffic patterns

· Latency tolerance
On the other hand, providing PCR also implies that any relaxations have to be balanced against degradation in system performance that would tend to cause re-transmissions from the UE or eNB, as both will increase on-time, and the former also increases UE TX power consumption. Nevertheless, in the cases and at times when the UE exhibits one or more of the above three characteristics, there may be scope to re-visit the operation of periodic reporting.

Proposal 2:
Reporting relaxations are designed for scenarios matching at least one of:

· Slowly-changing channel conditions due to limited mobility

· Temporally sparse traffic patterns

· Latency tolerance

2.2 Reporting relaxations for periodic reporting

2.2.1 Relaxations for RRM measurements

When RSRP/RSRQ or a measurement on an inter-RAT quantity has not changed by more than a defined threshold, the UE can be allowed to send a simple ‘no report’ indication to the eNB, despite the periodic configuration, and has no need to conduct the corresponding measurement, i.e. it can be in a low power state at those times. This is a relatively simple re-use of the hysteresis already built-in to mobility measurements. Assuming the UE has some of the characteristics in Section 2.1, and the thresholds are set appropriately, this could help eliminate some proportion of the periodic measurement and reporting power consumption.

Proposal 3:
Study ways for the UE to only send periodic mobility measurement reports when the relevant measurement quantity, e.g. RSRP/RSRQ has changed by more than a threshold amount. FFS suitable threshold(s).

2.2.2 Relaxations for CQI/PMI/RI reporting

Depending on the Release, CQI is calculated using either CRS or CSI-RS. In either case, a similar hysteresis approach to CQI reporting could be adopted as suggested above for CRS-based mobility measurements. That is, the UE can drop the periodic CQI/PMI/RI if the CQI has not changed by more than a threshold. It can correspondingly skip doing the measurement. This is better than using a full report linked to a differential update report because the WI is striving to reduce UE active transmit time.

Proposal 4:
Study ways to introduce UE dropping of periodic CQI/PMI/RI reports if the CQI has not changed by more than a threshold amount. FFS suitable threshold(s).

This leaves it open to the UE to still calculate and send the periodic CQI report if it prefers to do so.
2.3 CRS not supported

Within LTE, mobility measurements are based on CRS measurements to calculate RSRP, RSSI, and RSRQ. There is discussion within the WI [2] whether to support all DL TMs. In particular, there may be a conclusion to support or not support TMs based on CRS or DM-RS.

If CRS are not supported by the Rel-13 MTC UE, then those RS that remain will have to be used for measurements. These remaining RS would be DM-RS for PDSCH, DM-RS for EPDCCH, and CSI-RS when configured. The time/frequency density of these RS is less than CRS, so it is necessary to ensure a reasonable minimum number of REs are available to the UE to conduct a useful measurement. Still, the measurement quality would likely be lower than that based on CRS. Effectively, part of the relaxation is to tolerate some degradation to the measurement quality with the justification that if e.g. a cell handover occurs too late, it is not such a problem for the MTC UE because reduced support for mobility is permitted (e.g. RLF and connection re-establishment can be tolerated). 
Then the power consumption reduction comes from the reduced number of subframes that the measurements can be based on in this case.
It would be logical also to allow the UE to skip any periodic reports where there is not a recent enough measurement subframe according to the relaxed measurement definition – such reporting instances would be known to the eNB since they depend on the RS configuration. This would also give a reduction in UE transmit power, with the side benefit of avoiding the need for the eNB to grant corresponding UL resources.

If CRS-based TMs are not supported by Rel-13 MTC UEs:

Proposal 5:
For Rel-13 MTC UEs, mobility measurements are only defined in subframes where a suitable minimum number of non-CRS RS are present (DM-RS or CSI-RS). FFS on suitable minimum number(s).
Proposal 6:
Study ways to allow the UE not to send periodic measurement reports for which there is not a recent enough measurement subframe. FFS what is recent enough.
These two proposals together could help to target the measurement effort into times when the reporting is at its most relevant and necessary and reduce it at other times.
2.4 Use of discovery reference signal
Rel-12 has introduced the discovery reference signal (DRS), which is PSS/SSS/CRS and, if configured, CSI-RS. DRS occur in some of up to 5 subframes in FDD and TDD, and are associated with a discovery measurement time configuration (DMTC). A DMTC may have periodicity of at least 40, 80, or 160 ms, and lasts for 6 ms. New measurements based on DRS are also defined. CRS occur in at least the same subframe as PSS/SSS, and CSI-RS may be in the same or different subframes. On a deactivated secondary cell, the UE only expects the presence of DRS in the DMTC duration, and this procedure could have useful extension to Rel-13 MTC as a reporting relaxation.
Thus DRS have some of the relevant characteristics for reporting relaxations:
· They combine several existing signals, including CRS

· A DMTC has a slow periodicity
· It could be not needed for the UE to simultaneously process other L1 transmissions at the same time as DRS measurements, so there is not an increase in UE processing load.

It therefore seems possible that, for the Rel-13 MTC UE, the normal CRS-based mobility measurements could be replaced with DRS-based measurements instead, as a reporting relaxation.

Proposal 7:
Consider DRS-based measurements for the Rel-13 MTC UE, as a reporting relaxation.

3 Conclusion
In this contribution we took a high level look at what reporting relaxations could be possible for the Rel-13 MTC UE, in terms of targeting scenarios and report types where savings can most easily found with limited impact to the network. We identified some general rules as follows:
Proposal 1:
Do not introduce UE reporting relaxations for aperiodic and triggered reporting.
Proposal 2:
Reporting relaxations are designed for scenarios matching at least one of:

· Slowly-changing channel conditions due to limited mobility

· Temporally sparse traffic patterns

· Latency tolerance
Proposal 3:
Study ways for the UE to only send periodic mobility measurement reports when the relevant measurement quantity, e.g. RSRP/RSRQ has changed by more than a threshold amount. FFS suitable threshold(s).
Proposal 4:
Study ways to introduce UE dropping of periodic CQI/PMI/RI reports if the CQI has not changed by more than a threshold amount. FFS suitable threshold(s).
Proposal 5:
For Rel-13 MTC UEs, mobility measurements are only defined in subframes where a suitable minimum number of non-CRS RS are present (DM-RS or CSI-RS). FFS on suitable minimum number(s).
Proposal 6:
Study ways to allow the Rel-13 MTC UE not to send periodic measurement reports for which there is not a recent enough measurement subframe. FFS what is recent enough.
Proposal 7:
Consider DRS-based measurements for the Rel-13 MTC UE, as a reporting relaxation.
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