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Introduction
At RAN2#103, we clarified PDCCH subframe counting behaviour in R2-1813057 [1] for NB-IoT. Although we acknowledge that counting timers defined in PDDCH periods with PDCCH subframes or subframes is up to UE implementation, we believe that there may still be some ambiguity as to which is correct. In our understanding, no matter which are used, the timers should always run to the same length. We wanted to confirm that companies have the same understanding, and so we want to get feedback on the following scenarios when a timer is started in the middle of a PDCCH period. If the understandings between companies are noticeably different, then we would like to clarify the MAC specification accordingly.
For reference, we have included a spreadsheet illustrating three different overlap scenarios in R2-1816353 [2]. Although in our example we use DRX and DRX-related timers in the configuration, we believe that this issue may also affect the UE in non-DRX scenarios, e.g. RAR windows and contention resolution timers. 
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For reference, the definition for PDCCH subframes for NB-IoT was clarified as follows in [1] with the changes marked.
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 3GPP TS 36.213 [2].
-	For NB-IoT UE, all subframes that are part of the NPDCCH search space represent PDCCH-subframes among all NB-IoT downlink subframes, including those which the UE is not required to monitor as specified in subclause 16.6 of TS 36.213 [2].

The common configuration between all three scenarios in [2] is as follows.
	Rmax
	16

	G
	2

	T
	32

	OnDurationTimer (pp)
	3

	Number of PDCCH subframes within 3 pp
	48

	Number of subframes within 3 pp
	96

	twoHARQ-ProcessesConfig
	Not configured



Excluding invalid subframes, SI is always transmitted at points in time spanning [SFN 0 subframe 0, SFN 1 subframe 2] and [SFN 8 subframe 0, SFN 9 subframe 2].
Case 1, DRX Start Offset equal to 0
Consider the first case, in which DRX start offset is set to 0. In this case, the timer starts right at the beginning of a PDCCH period. Our understanding is that the timer should be incremented as follows. 
The first k0 is set at SFN 0 subframe 0, but due to the transmission of SI, the first valid DL subframe is not until SFN 1 subframe 3. In addition, because there are less than Rmax remaining valid NPDCCH candidates before becoming n+5 subframes from the start of the next search space, the UE is not required to monitor this first search space. However, those candidates must still be counted as if they were monitored in order to count properly from the start of the next search space. This counting of the unmonitored candidate subframes is denoted by “…16” in Figure 1. 
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Fig. 1
The second search space (pp #2) is incremented normally, while during the third search space (pp #3) SI is transmitted once again, leaving the UE without 16 available valid NPDCCH candidates. Because it would overlap with what would be pp #4 if it did start monitoring NPDCCH, the UE does not monitor these NPDCCH candidate subframes, but counts them as if they were monitored as denoted by “…48” in Figure 2.
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Fig. 2
In this case, regardless of the counting schema (PDCCH subframes or subframes) the timer still ends at a point 3 pp from when the timer is started at SFN 0 subframe 0.
Observation 1: When the timer starts right at the beginning of a PDCCH period, it is clear that regardless of whether a UE counts that timer in PDCCH subframes or subframes, the number of PDCCH Periods counted is the same.
Case 2, DRX Start Offset equal to 34
In this case, DRX start offset has been set to 34, and so the UE does not start incrementing OnDurationTimer until SFN 3 subframe 4. The first search space is still marked as if it was not required to be monitored, but pp #1 does not begin until SFN 3 subframe 2. 
The final NPDCCH candidate in pp #1 at SFN 5 subframe 3 is more than n + 5 from the next k0, and so this search space is required to be monitored. At the same time, the UE will not monitor PDCCH during this pp after SFN 5 subframe 3. Our understanding is that after reaching the end of this search space, the UE will count as if it has monitored a full PDDCH period with 16 repetitions, as denoted by “… 16” in Figure 3.
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Fig. 3
Pp #2 for case 2 is the same as pp #3 in case 1 (SI is transmitted), and so the UE does not monitor NPDCCH but counts OnDurationTimer as if it has.
Pp #3 in case 2 is counted without incident. Note that even though the ending subframes differ, regardless of the counting schema, OnDurationTimer still ends 3 pp after being started at SFN 3 subframe 2.
Observation 2: Even though the timer starts in the middle of the second PDCCH period, regardless of whether a UE counts that timer in PDCCH subframes or subframes, the number of PDCCH Periods counted is still the same.
Case 3, DRX Start Offset equal to 25
In case 3, DRX start offset has been set to 25, and so the UE does not start incrementing OnDurationTimer until SFN 2 subframe 5. Because the UE is active within the first pp which spans [SFN 0 subframe 0, SFN 3 subframe 1] it tries to count OnDurationTimer. However, because there are less than Rmax remaining NPDCCH candidates until the next k0 and the final candidate subframe falls within n+5 subframes of the next k0, the UE does not monitor NPDCCH during this pp but increments the timer as if it has, as denoted by “…16” in Figure 16.
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Fig. 4
The UE monitors pp #2 with no incident.
During pp #3, SI is transmitted, and so the UE treats the final pp identically to case 1’s final pp as illustrated below in Figure 5. Regardless of the counting schema, after being started at SFN 0 subframe 0, OnDurationTimer ends 3 pp later.
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Fig. 5
Observation 3: Even though the timer starts in the middle of the first PDCCH period, regardless of whether a UE counts that timer in PDCCH subframes or subframes, the number of PDCCH Periods counted is still the same.
In conclusion, we note that in cases 1, 2, and 3, regardless of where the timer was started (aligned with the first PDCCH period or started in the middle of one), the number of PDCCH periods counted remains the same.
Observation 4: Regardless of where the timer was started (aligned with a PDCCH period or started in the middle of one), the number of PDCCH periods counted remains the same.
Proposal 1: RAN2 to confirm the above observations.
Proposal 2: If the observations do not align with the understanding within RAN2, then the specification should be clarified accordingly.
Conclusion
Observation 1: When the timer starts right at the beginning of a PDCCH period, it is clear that regardless of whether a UE counts that timer in PDCCH subframes or subframes, the number of PDCCH Periods counted is the same.
Observation 2: Even though the timer starts in the middle of the second PDCCH period, regardless of whether a UE counts that timer in PDCCH subframes or subframes, the number of PDCCH Periods counted is still the same.
Observation 3: Even though the timer starts in the middle of the first PDCCH period, regardless of whether a UE counts that timer in PDCCH subframes or subframes, the number of PDCCH Periods counted is still the same.
[bookmark: _GoBack]Observation 4: Regardless of where the timer was started (aligned with a PDCCH period or started in the middle of one), the number of PDCCH periods counted remains the same.
Proposal 1: RAN2 to confirm the above observations. 
Proposal 2: If the observations do not align with the understanding within RAN2, then the specification should be clarified accordingly.
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