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1. Introduction

For power saving purpose, the concept of DRX would be still beneficial even to Rel-13 low complexity MTC. However, because of heavy repetitions, it is difficult to apply the legacy DRX mechanism to CE (Coverage Extension) capable MTC UE. Accordingly, it is expected to improve the DRX mechanism for Rel-13 low complexity MTC UE.
This paper will discuss how to improve the DRX mechanism.
2. Discussion
2.1
legacy Discontinuous Reception (DRX)

For power saving purpose, DRX has been applied since Rel-8. When in RRC_CONNECTED, UE is allowed to monitor the PDCCH discontinuously using the DRX operation, which is specified with several timers and parameters such as onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer, longDRX-Cycle, drxStartOffset, drxShortCycleTimer, shortDRX-Cycle and HARQ RTT timer. 

Fig 1 is the general operation of the DRX. In DRX operation, the Active Time is regarded as the time while onDurationTimer, drx-InactivityTimer or drx-RetransmissionTimer is running. Also, there are other cases on the Active Time, see TS36.321 section 5.7.  As new assignment over PDCCH is scheduled during onDurationTimer is running, both drx-InactivityTimer and a HARQ RTT timer start. As the HARQ RTT timer expires, drx-RetransmissionTimer then starts. If at least one of drx-InactivityTimer or drx-RetransmissionTimer is running, the UE has to monitor PDCCH. If PDCCH indicates the assignment, the HARQ RTT timer starts and drx-RetransmissionTimer stops. For the successful decoding, HARQ RTT timer stops.
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Fig 1
General DRX operation 
2.2
DRX Modification for Rel-13 Low Complexity MTC UE

The concept of DRX would be still beneficial to Rel-13 low complexity MTC UE. We then have a question on whether to still re-use the legacy DRX operation. It is assumed that M-PDCCH (which might be also modified to efficiently support Rel-13 low complexity MTC) would be used instead of legacy PDCCH, and for coverage extension, the M-PDCCH and the data transmission will be repeated for soft combining. Rel-13 low complexity MTC UE would identify whether the M-PDCCH includes its assignment at the end of repetitions of the M-PDCCH. It means that onDurationTimer has to be set to cover at least the repetitions of the M-PDCCH as shown in Fig 2. In current specification, the range of onDurationTimer is from 1 to 200 PDCCH subframes (for FDD, 1 ~ 200 ms). It is FFS how many to repeat M-PDCCH for coverage extension. According to RAN1 agreement, there is a gap between the end of M-PDCCH repetitions and the starting point of data transmission. At this moment, we can have the following proposals:
Proposal 1: DRX can be configured even for Rel-13 low complexity MTC UE.

Proposal 2: The configured value of onDurationTimer ensures that the coverage-extended MTC UE can receive all repetitions of the M-PDCCH.
In addition, it has to be investigated further if the current range of DRX cycle is sufficient for the coverage-extended MTC UE.
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Fig 2
An example: Rel-13 DRX operation for no activity

Also, a discussion on the starting point of the timers related to DRX is needed. In current specification, the drx-InactivityTimer (re)starts whenever PDCCH indicates a new transmission. In Rel-13 low complexity MTC, the MTC UE would identify if PDDCH indicates a new transmission for the MTC UE at the end of the repetitions of M-PDCCH.  Accordingly, we can assume that the drx-InactivityTimer also starts at the end of repetitions of M-PDCCH as shown in Fig 3. The drx-InactivityTimer has to run at least until the end of repetitions of the data transmission indicated by the M-PDCCH. For the starting point of the HARQ RTT timer, it seems slightly controversial. One approach is to also start the HARQ RTT timer at the end of repetitions of M-PDCCH. Depending on the starting point, the range of HARQ RTT timer needs to be re-defined. The legacy HARQ RTT timer is fixed, i.e. for FDD, set to 8 subframes and for TDD, set to k = 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback. If the HARQ RTT timer starts at the end of repetitions of data transmissions, the HARQ RTT timer has to be extended because the MTC UE has to repeatedly transmit HARQ feedback for coverage extension. According to RAN1 agreement, the consequential data transmission starts to be transmitted after k subframe from the end of repetitions of M-PDCCH. As the HARQ RTT timer expires, the drx-RetransmissionTimer starts. The configured value of drx-RetransmissionTimer has to also guarantee to cover the repetitions of the M-PDCCH.
Proposal 3: The drx-InactivityTimer starts at the end of repetitions of M-PDCCH, which indicates a new transmission for the MTC UE. 
Proposal 4: The HARQ RTT timer starts at the end of repetitions of M-PDCCH. The value of HARQ RTT timer to be extended is FFS.
Proposal 5: The configured value of drx-RetransmissionTimer ensures that the coverage-extended MTC UE can receive all repetitions of the M-PDCCH.
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Fig 3
An example: Rel-13 DRX operation for DL activity
3. Conclusion
It is proposed that
Proposal 1: DRX can be configured even for Rel-13 low complexity MTC UE.

Proposal 2: The configured value of onDurationTimer ensures that the coverage-extended MTC UE can receive all repetitions of the M-PDCCH.
Proposal 3: The drx-InactivityTimer starts at the end of repetitions of M-PDCCH, which indicates a new transmission for the MTC UE. 

Proposal 4: The HARQ RTT timer starts at the end of repetitions of M-PDCCH. The value of HARQ RTT timer to be extended is FFS.

Proposal 5: The configured value of drx-RetransmissionTimer ensures that the coverage-extended MTC UE can receive all repetitions of the M-PDCCH.
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