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Introduction
The spec is unclear with how to handle invalid subframes when incrementing timers for BL UE and UE in enhanced coverage from Release 14 onwards. After conducting hearings with other companies after discovering this issue, we received responses that support two different understandings. As such, we would first like to confirm with RAN2 what the correct behaviour should be, and then clarify the MAC specification if necessary.
[bookmark: _Ref178064866]Discussion
In May 2018 [1] was agreed, which modified the definition for PDCCH subframes for BL UE and UE in enhanced coverage as follows.
PDCCH-subframe: Refers to a subframe with PDCCH. This represents the union over PDCCH-subframes for all serving cells excluding cells configured with cross carrier scheduling for both uplink and downlink [8]; except if the UE is not capable of simultaneous reception and transmission in the aggregated cells where this instead represents the PDCCH-subframes of the SpCell.
-	For FDD serving cells, all subframes represent PDCCH-subframes, unless specified otherwise in this subclause.
-	For TDD serving cells, all downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell represent PDCCH-subframes, unless specified otherwise in this subclause.
-	For serving cells operating according to Frame structure Type 3, all subframes represent PDCCH-subframes.
-	For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, all downlink subframes configured for RN communication with the E-UTRAN represent PDCCH-subframes.
-	For SC-PTM reception on an FDD cell, all subframes except MBSFN subframes represent PDCCH-subframes, unless specified otherwise in this subclause.
-	For SC-PTM reception on a TDD cell, all downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell except MBSFN subframes represent PDCCH-subframes, unless specified otherwise in this subclause.
-	For BL UE or UE in enhanced coverage, all subframes in which the UE is required to monitor MPDCCH represent PDCCH-subframes among all valid subframes regardless of whether the subframe is dropped, see subclause 9.1.5 of [2].
Of note is the addition of the final clause, which stipulates that a valid subframe in which a UE monitors MPDCCH represents a PDCCH-subframe.
With that in mind, we first present the following network configuration for discussion.
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Fig. 1
In this example, subframes #0 and #1 became invalid for reasons independent of the configuration. As a result, the network has assigned subframes #2 and #3 as PDCCH subframes. G*Rmax is equal to 4 subframes, as denoted by the G*Rmax arrow. Additionally, the parameters G and RMax are preserved throughout the following examples. 
Non-DRX Scenario
Suppose that the UE is not in DRX and counts some TimerX denoted in PDDCH subframes. In this case, we think it is clear that the UE shall count the timer as follows if the timer is configured with a length of 6 PDDCH subframes. 
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Fig. 2
In this case, the timer starts at subframe #2 and ends at the 6th consecutive MPDCCH subframe (subframe #9). 
DRX Scenario, Alt. 1
Let us now consider the same scenario with invalid subframes when the UE is in DRX with a start offset of 2.
[image: ]
Fig. 3
If onDurationTimer is configured with a length of 6 PDCCH subframes, then in this scenario, our understanding is that the UE shall wake up at the start offset point and count the timer as follows.
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Fig. 4
The UE must increment onDurationTimer by 6 PDCCH subframes consecutively, and so beginning from subframe #2, it counts 6 consecutive PDCCH subframes up to subframe #9. As a result, onDurationTimer ends at the same location as the non-DRX case.
In the non-DRX case, where a timer is being counted in PDCCH subframes, it is clear that the UE shall begin counting immediately from the first available PDCCH subframe. Similarly, in the DRX case, where onDurationTimer is being counted in PDCCH subframes, the UE shall also begin counting it immediately from the first available PDCCH subframe after the point where it wakes up.
DRX Scenario, Alt. 2
Let us now also consider an additional way in which the timer may be counted.
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Fig. 5
The rationale behind this approach in Alt. 2 is that the before the UE wakes up, it is unable to take into account the invalid subframes and the resulting postponed PDCCH subframes. As a result, the timer is not started until subframe #4, and ends 6 consecutive PDCCH subframes later at subframe #13.
It should be clear that there is a noticeable difference in where OnDurationTimer ends between the two different scenarios, and that if the NW and UE are implemented differently, then there is the risk the UE may miss transmissions entirely on MPDCCH. In our understanding, because the length of the timer is preserved between the non-DRX understanding and Alt. 1, that Alt. 1 is the correct understanding from both the UE and NW perspectives.
Observation 1: For OnDurationTimer, the UE shall begin counting immediately from the first available PDCCH subframe after the point where it wakes up.
[bookmark: _GoBack]Proposal 1: RAN2 to confirm that the understanding from Alt. 1 and Observation 1 is the correct behaviour.
 Conclusion
Based on the discussion above, we note the following:
Observation 1: For OnDurationTimer, the UE shall begin counting immediately from the first available pdcch subframe after the point where it wakes up.
Proposal 1: RAN2 to confirm that Alt. 1 is the correct behaviour and understanding. 
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