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Introduction
In November 2018 at RAN2#104, we submitted a discussion paper discussing a scenario where a timer defined in PDCCH periods could be started at a point that is not k0 and is in the middle of a PDCCH period [1]. At the time, the paper was noted and no action was taken in RAN2. 
After discussing the problem in question offline with both device and network vendors in the interim, we would like to bring this issue up again and propose that RAN2 clarify the specification accordingly.
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MAC Specification
The main timer that we focus on for this paper is onDurationTimer, which according to the current MAC specification [2] specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.
For NB-IoT, onDurationTimer is started under the following procedure according to clause 5.7 in the MAC specification:
	-	If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or
-	if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:
-	if NB-IoT:
-	if there is at least one HARQ process for which neither HARQ RTT Timer nor UL HARQ RTT Timer is running, start onDurationTimer.
It is also noted that Annex C gives the following as intended behaviour for onDurationTimer (irrelevant rows removed for clarity and brevity) for devices that are not NB-IoT UE.
Table C-1: Intended UE behaviour for DRX timers
	DRX Timers
	Intended UE behaviour 
([x, y] means including subframe x and y)

	…
	…

	onDurationTimer or onDurationTimerSCPTM
	The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n, n+m-1].

	…
	…

	NOTE 1:	For FDD, m is equal to X; for TDD, m is equal to the minimum number of subframes so that X PDCCH-subframes are included during the subframes [x, y].
NOTE 2:	A MAC entity configured with eIMTA monitors PDCCH in some subframe(s) in addition to PDCCH-subframes, as specified in clause 5.7.
NOTE 3:	For BL UE or UE in enhanced coverage, m is equal to the minimum number of subframes so that X PDCCH-subframes are included during the subframes [x, y].



NOTE 3 makes it clear that the number of subframes during which the UE shall monitor PDCCH in PDCCH-subframes is equal to a minimum number such that X PDCCH-subframes are included during the interval. However, again, this clarification does not apply for NB-IoT. Furthermore, in NB-IoT, onDurationTimer is defined in PDCCH periods. As a result, the total interval over which an NB-IoT UE is expected to monitor PDCCH while onDurationTimer is running is unclear just from consulting the MAC specification.
Observation 1: While the starting position for onDurationTimer is clear for NB-IoT, the total interval over which the timer should run until is not.
Problem Scenario
As discussed in [1], our stance on the issue stems from the understanding when incrementing a timer defined in PDCCH periods, that timer should run to the same point regardless if PDCCH subframes or subframes are used for PDCCH periods in the UE implementation.
The scenario in question comes into play when drx-StartOffset is not set to 0, and so the UE does not begin monitoring PDCCH until a point after the assigned k0 has passed. For discussion, this is illustrated in simplified form below. For reference, a more detailed analysis is available in the accompanying Excel spreadsheet in [3].
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Figure 1: Differing understandings on when to 
start, run, and end onDurationTimer with nonzero drx-StartOffset
In this simplified case, the location of each k0 assigned to the UE is given by the vertically dashed lines. The time during which onDurationTimer is running is represented by the red arrows at the bottom, with two prevailing understandings based on our offline discussion with other companies. The circles with the numbers represent the nth PDCCH period counted while onDurationTimer is running.
Due to a lack of clarity on how to handle this sort of scenario in the MAC specification, we found that companies we talked to about this reached one of two understandings on how to handle onDurationTimer.
Understanding 1
Our understanding of the issue is that even though the UE cannot begin counting immediately as scheduled at the first k0 due to the nonzero drx-StartOffset, the length of the timer is measured from the intended starting k0 and not from the subframe given by evaluating:
k0 + drx-StartOffset
As a result, in the above configuration, the UE must complete its scheduled monitoring of PDCCH given by evaluating the equation: 
first_k0 + 3pp
As a consequence of RAN2’s understanding that no matter if the UE implementation counts PDCCH periods in subframes or PDCCH subframes, they must both complete within the allotted time. This is depicted in Understanding 1 above and in the detailed analysis in [3]. The majority of companies supported our view, noting that even though PDCCH Period #1 is only partially monitored due to the drx-StartOffset, it is considered valid for scheduling and UE are expected to monitor it.
Understanding 2
Another understanding that emerged supported by one or two other companies is depicted in Understanding 2 both above and in our detailed analysis. Companies that responded in support of this way of monitoring PDCCH believed that since the nonzero drx-StartOffset results in a partial PDCCH Period, it is considered invalid for scheduling by the network and it will not schedule PDCCH during that time. Instead, the NW will wait until the next PDCCH Period which is fully aligned with k0, and expect the UE to begin monitoring from that point onwards. Starting of onDurationTimer would also be postponed until the next k0.
However, this goes against what the MAC specification currently states regarding starting onDurationTimer. Furthermore, looking at the overall behaviour, a UE or NW implemented according to Understanding 2 and configured with a nonzero drx-StartOffset must always require
onDurationTimer + 1 pp
number of PDCCH periods in order to account for the first partial PP that is effectively thrown away.
Consequences of Differing Understandings
It should be obvious by looking at the above arrows for Understanding 1 and 2 that there is nearly 1 pp of difference between devices that implement one understanding or the other. If a NW is implemented according to one understanding and a UE is implemented according to the other, then there is a possibility that the UE may miss receiving PDCCH transmissions from the NW. 
Observation 2: If the NW and UE have differing understandings of this issue in their implementations, then there is a risk that the UE may miss receiving PDCCH transmissions from the NW.
[bookmark: _GoBack]We would also like to note that this issue affects not only DRX-related timers like onDurationTimer, but all timers in NB-IoT that are counted in units of PDCCH periods.
In light of the above discussion, we would like RAN2 to address this issue by confirming a common understanding for expected behaviour and making a clarification to the MAC specification as proposed in [4].
Proposal 1: RAN2 to confirm that Understanding 1 is the correct way to handle a timer counted in PDCCH periods in this situation.
Proposal 2: If the spec does not seem to communicate this clearly enough, then RAN2 to clarify the issue in question.
Conclusion
The following observations and proposal are made based on the discussion above.
Observation 1: While the starting position for onDurationTimer is clear for NB-IoT, the total interval over which the timer should run until is not.
Observation 2: If the NW and UE are have differing understandings of this issue in their implementations, then there is a risk that the UE may miss receiving PDCCH from the NW.
Proposal 1: RAN2 to confirm that Understanding 1 is the correct way to handle a timer counted in PDCCH periods in this situation.
Proposal 2: If the spec does not seem to communicate this clearly enough, then RAN2 to clarify the issue in question.
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