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1 Introduction
The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] includes three main objectives: (1) specify a new Rel-13 low complexity UE category, (2) LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction. Reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique for Rel-13 low complexity UEs.

In this contribution we discuss remaining DRX aspects for BL UEs and UEs in enhanced coverage. 
2 Discussion
2.1 Clarification on starting condition of some DRX timers
In RAN2#92 the following agreement on drx-InactivityTimer was made: 
“drx-InactivityTimer is started after the last subframe of M-PDCCH repetition and configuration is done using the legacy mechanism.”

We would like to clarify what “last subframe of MPDCCH repetition” is intended to mean: It should mean the last subframe of the configured MPDCCH search space, and not the last repetition the UE receives before being able to decode the DCI. 
The eNB cannot know if the UE has succeeded in decoding the MPDCCH earlier than the last configured subframe of the search space. If UE starts a timer after decoding MPDCCH but before the configured search space ends, the result would be unsynchronized timers between the UE and the eNB.

Observation 1 drx-InactivityTimer should be started after the last subframe of the configured MPDCCH search space. 
To clarify drx-InactivityTimer behaviour and define HARQ RTT Timer starting condition for BL UEs and UEs in enhanced coverage, we propose the following to be captured in Section 5.7 Discontinuous Reception (DRX) in TS 36.321:

	When PDCCH refers to MPDCCH, monitoring PDCCH and receiving an indication (new transmission or retransmission) means the UE waiting until the last subframe of the configured MPDCCH search space has been transmitted before executing the next specified action. If a timer is to be started upon reception of an indication on MPDCCH, it shall be started on the last subframe of the configured MPDCCH search space. 


Proposal 1 Capture the above text proposal in TS 36.321 section 5.7.

Handling of the downlink HARQ RTT Timer was left as FFS in the previous RAN2 meeting. The downlink HARQ RTT Timer should be started after the indicated transmission (i.e. all repetitions) has been received, or when it should have been received. 
Proposal 2 Downlink HARQ RTT Timer is started after the last indicated subframe of the PDSCH transmission.
2.2 Downlink HARQ RTT Timer length
Currently the downlink HARQ RTT Timer is set to 8 subframes for FDD, and to 4+k for TDD, where k depends on the TDD configuration. When repetitions and cross-subframe scheduling is used, the earliest possible time when the UE can expect DL assignment (i.e. the MPDCCH) for a retransmission needs to account for the PUCCH repetitions and the configured UL subframes. Both of these are configured with RRC. 
Proposal 3 Downlink HARQ RTT Timer is extended by the value of the used PUCCH repetition factor, where only valid (configured) UL subframes are counted for the extension. Capture the following text proposal in TS 36.321. 

	7.7
HARQ RTT Timer

For UEs except BL UEs or UEs in enhanced coverage, for each serving cell, in case of FDD configuration on the serving cell which carries the HARQ feedback for this serving cell the HARQ RTT Timer is set to 8 subframes. For each serving cell, in case of TDD configuration on the serving cell which carries the HARQ feedback for this serving cell the HARQ RTT Timer is set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in subclauses 10.1 and 10.2 of [2] , and for an RN configured with rn-SubframeConfig [8] and not suspended, as indicated in Table 7.5.1-1 of [11].

For BL UEs and UEs in enhanced coverage, in case of FDD configuration the downlink HARQ RTT Timer is set to N + 8, where N depends on the configured repetition factor for PUCCH and N is counted only for valid UL subframes, as indicated in subclause 10.2 in [2]. In case of TDD configuration, the HARQ RTT Timer is set to N + k + 4, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, and N is counted only for valid UL subframes, as indicated in subclauses 10.1 and 10.2 of [2].


2.3 Downlink HARQ and drx-RetransmissionTimer
As MPDCCH is not transmitted on every subframe, and the starting subframes of UE specific search space for MPDCCH are spread depending on the maximum configured MPDCCH repetition factor, mpdcch-NumRepetition, and the configured starting location, mpdcch-StartSF-UESS [4], we propose that the downlink retransmission timer is started only on the first MPDCCH starting opportunity after the HARQ RTT Timer has expired. The MPDCCH configuration is known to both UE and eNB, thus there is no ambiguity of the next possible opportunity. 

Proposal 4 drx-RetransmissionTimer is started on the next MPDCCH starting opportunity after HARQ RTT Timer has expired.
Please see our contribution on asynchronous uplink HARQ [5] with more discussion and text proposal for the above proposal. 
3 Conclusion

In this contribution we have discussed some DRX timer starting condition issues for Rel-13 low complexity and/or coverage enhanced UEs. We made the following observation:

Observation 1
drx-InactivityTimer should be started after the last subframe of the configured MPDCCH search space.


Based on the discussion in section 2 we propose the following:
Proposal 1
Capture the above text proposal in TS 36.321 section 5.7.
Proposal 2
Downlink HARQ RTT Timer is started after the last indicated subframe of the PDSCH transmission.
Proposal 3
Downlink HARQ RTT Timer is extended by the value of the used PUCCH repetition factor, where only valid (configured) UL subframes are counted for the extension. Capture the following text proposal in TS 36.321.
Proposal 4
drx-RetransmissionTimer is started on the next MPDCCH starting opportunity after HARQ RTT Timer has expired.
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