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1. Introduction
In Rel-13 eMTC, the monitoring of paging has some issues that result in increased UE power consumption. These two issues are the inability to perform MPDCCH early detection and false alarm due to MPDCCH overlapping between different paging occasions. These issues can be solved in Rel-14 by introducing some minimum changes in the specification.
2.  Enabling early detection of MPDCCH
Unlike MPDCCH for regular PDSCH, the MPDCCH for paging can only start at the paging occasion. This decision was reached to enable early detection of MPDCCH presence for good coverage UEs. This is of vital importance for the paging channel, since the eNB does not know the actual coverage enhancement level of a given UE and, therefore, the MPDCCH is dimensioned to cover the worst case UE. 
The rationale behind this early detection is as follows: a UE can determine the RSRP/RSRQ value and, based on that, determine the number of MPDCCH repetitions needed to correctly decode it. If no MPDCCH is decoded after that number of repetitions, the UE can determine that no MPDCCH is present and go back to sleep. For example, a UE in good coverage may determine that a single subframe is enough to decode MPDCCH, and if it is not correctly decoded it may go back to sleep.
This approach, however, requires knowledge of the power level of MPDCCH, which cannot be obtained from the measured RSRP/RSRQ. This is caused by the fact that the ports used for CRS and the ports used for MPDCCH transmissions are not the same, so the UE cannot make any assumption on the MPDCCH ports based just on the measured CRS power. The UE may assume that both ports are using the same power, but this may lead to some scenarios where the UE behaviour is unpredictable:
· If an eNB power boosts CRS and give less power to MPDCCH, the UE may determine that no MPDCCH is present when it actually is (e.g. the UE determines that it needs 1 SF to decode but it actually would need 2)
· If the eNB power boosts MPDCCH, the UE may stay awake for longer than needed, resulting in unnecessary power consumption (e.g. the UE determines that it needs 128 repetitions to decode, but the eNB is actually boosting MPDCCH by 3dB, so it would only need 64 repetitions).
A simple solution to this problem would be to introduce in SIB some relationship between the CRS ports and the MPDCCH ports. For example, a power offset value (e.g. {-3, 0, 3}dB) can be included in SIB2 so that the UE can correctly assess the number of repetitions needed to decode MPDCCH.
Proposal 1: Introduce signalling in SI indicating the power level of MPDCCH for paging to enable early MPDCCH detection.
3. MPDCCH ambiguity
3.1. Overlap between paging occasions
In eMTC, the paging message is carried over PDSCH scheduled by MPDCCH. Due to coverage enhancement needs, both the control and data channel may be repeated. In many cases, and especially due to the large number of UEs, the eNB may configure a large number of PO/PF to increase the paging capacity. In this case, and if the separation between PO is less than 256 subframes, the MPDCCH for a first PO may overlap with the second PO. This creates a confusion for the UEs in the second paging occasion, which would decode the MPDCCH and interpret it as its own PO, when it belongs to the previous PO. 
After decoding the MPDCCH, the UE will try to decode the corresponding PDSCH, creating an unnecessary increase in power consumption. In Figure 1 we present an example of this issue:
· eNB transmits MPDCCH for PO1. The UE 1 in PO1 decodes MPDCCH and corresponding PDSCH.
· The MPDCCH overlaps with PO2. The UE 2 in PO2 decodes the MPDCCH corresponding to PO1. It interprets the contents of the DCI and tries to decode PDSCH. 
If UE2 did not have this false alarm, it would just monitor for its own PO 2, determine that there is no MPDCCH, and go back to sleep. With the confusion created by MPDCCH, the UE is awake for a much longer time, as it needs to decode PDSCH.
Observation 1: The overlap of MPDCCH corresponding to different PO creates false alarms, increasing the UE power consumption.



Figure 1 The UE monitoring PO2 decodes the MPDCCH for PO1, increasing the battery consumption of the UE
3.2. Impact of increasing separation between PO
In RAN2 it was agreed to increase the range of nB to prevent this false alarm from happening [1]. This solution, however, only addresses partially the problem, since it forces to use long DRX and small number of paging occasions. There are two major drawbacks with this solution:
· Large separation between different PO: To prevent the confusion from happening, different PO (from network perspective, may be for different UE) have to be separated by at least 256 valid downlink subframes. For TDD cells (e.g. with UL/DL cfg. 1), this number has to be multiplied by a factor of 2 due to availability of reduced number of downlink subframes.
·  Use of very long DRX values: The application of the RAN2 solution may lead to the use of unnecessarily long DRX values. Some eMTC UEs (e.g. wearables, control applications) may need lower delay requirements. If all the UEs are forced to the use of long DRX values to avoid this confusion, these requirements may not be met.
· Network designed for worst case UE: In a typical deployment, the number of UEs requiring a large number of repetitions for MPDCCH (e.g. 256) is expected to be reasonably small. If we force the PO to be separated by this large value, the paging for most UEs will be unnecessarily delayed due to the need to avoid ambiguity. 
· Reduced number of PO: When the paging probability is small, having more groups of UEs is beneficial from a power consumption perspective. This small paging probability is expected to be used in cases with mainly MO traffic, where data for a given UE is seldom, or in cells with a small number of UEs (e.g. small cells). For example, if the network needs to page a single UE, the fraction of UEs that would decode that MPDCCH is 1/N, where N is the number of PO in the DRX cycle. Thus, a larger number of PO may be beneficial to reduce the UE power consumption.
Observation 2: The solution introduced in RAN2 to avoid the paging ambiguity (larger value of nB) is based on reducing the number of PO, which in turn increases the UE power consumption in cells with small paging probability (e.g. with mainly MO traffic).

3.3. Proposed solution
As a solution to the problem, we propose to introduce a PO-specific scrambling to MPDCCH. In the current specification, the initialization of the scrambling sequence for MPDCCH is as follows:



We propose to introduce an additional parameter containing the absolute subframe number of the paging occasion as follows:


Note that this change is isolated to this particular initialization, and does not affect any other procedures regarding MPDCCH or paging.
Proposal 1: Initialize the MPDCCH scrambling by the absolute subframe/radio frame number of the PO to avoid false alarms.

4. Summary
Proposal 1: Introduce signalling in SI indicating the power level of MPDCCH for paging to enable early MPDCCH detection.
Observation 1: The overlap of MPDCCH corresponding to different PO creates false alarms, increasing the UE power consumption.
Observation 2: The solution introduced in RAN2 to avoid the paging ambiguity (larger value of nB) is based on reducing the number of PO, which in turn increases the UE power consumption in cells with small paging probability (e.g. with mainly MO traffic).
Proposal 2: Initialize the MPDCCH scrambling by the absolute subframe/radio frame number of the PO to avoid false alarms.
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