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Introduction
At RAN2#101-bis we discussed R2-1806354 [1], which proposed clarifying whether NB-IoT counters and timers should be counted in PDCCH subframes or subframes. Agreements and further discussion were postponed until RAN2#102. Through offline discussions with other companies, we decided that clarifying the definition for PDCCH period (which several NB-IoT parameters are defined and measured in) was the best way forwards.
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Observation
The current definition for PDCCH Period is given in TS 36.321 as follows:
PDCCH period (pp): Refers to the interval between the start of two consecutive PDCCH occasions and depends on the currently used PDCCH search space [2]. A PDCCH occasion is the start of a search space and is defined by subframe k0 as specified in section 16.6 of [2]. The calculation of number of PDCCH-subframes for the timer configured in units of a PDCCH period is done by multiplying the number of PDCCH periods with npdcch-NumRepetitions-RA when the UE uses the common search space or by npdcch-NumRepetitions when the UE uses the UE specific search space. The calculation of number of subframes for the timer configured in units of a PDCCH period is done by multiplying the number of PDCCH periods with duration between two consecutive PDCCH occasions.
Confusion stems from the fact that there appear to be two distinct counting methods for PDCCH periods, when in fact that when one considers the number of NPDCCH candidates that are to be monitored, the number of monitored candidates does not change no matter which method is used.
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Figure 1 (two HARQ processes configured)
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Figure 2 (two HARQ processes not configured)
In the figures above, we compare the timer lengths for when a timer or counter is decremented in a) subframes; b-1) PDCCH-subframes but counting dropped candidates as monitored; b-2) PDCCH-subframes, but not counting dropped candidates as monitored.
Companies agreed that even if a candidate is dropped during a prior search space, it has been considered “monitored” and is not added to the end of a timer or counter which would in effect extend it, i.e. b-1) and not b-2) is the expected behaviour because otherwise the timer or counter lengths would greatly differ, especially in the case when two HARQ processes are not configured. Thus, no matter whether the timer or counter is decremented in PDCCH subframes or subframes, even though the perceived lengths differ, the number of monitored NPDCCH candidates remains the same.
Observation 1: 	No matter whether the timer or counter is decremented in PDCCH subframes or subframes, the number of monitored NPDCCH candidates remains the same.
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We believe that the best way forward in clarifying the definition for PDCCH period is the simplest one. We discuss a few options for doing so below.

Option 1: Remove the sentence describing the calculation of number of PDCCH subframes, but leave the sentence describing the calculation of number of subframes.

By doing this, we eliminate the ambiguity that arises from differing interpretations of how to handle dropped candidates if decrementing by PDCCH-subframes. We leave the actual counting implementation up to the UE (whether to count in PDCCH-subframes or subframes for parameters configured in PDCCH periods), which based on Observation 1 leads to no issues. However, because the calculation of PDCCH-subframes is no longer there, from an implementation standpoint, this may eliminate the possibility of using PDCCH-subframes to decrement at all.

Option 2:  Leave both calculation sentences, and add the following sentence as clarification in order to align with the RAN1 spec.

“In calculating the number of PDCCH-subframes, the UE shall include PDCCH-subframes that belong to candidates/search spaces that will be dropped or not required to be monitored as specified in section 16.6 of TS 36.213 [2].” The clarification is necessary in order to ensure that the number of monitored candidates remains the same between both methods regardless of implementation. In this way, both implementations remain allowed, but the way to properly treat unmonitored candidates becomes clear.

Option 3: Remove both calculation sentences.

If we do this then the definition becomes more unclear than before, because how to treat unmonitored candidates remains undefined in the spec. We feel that this issue may be brought up again in the future by another company who may find the shortened definition unclear.

Looking at the three options above, we propose going with Option 2, as its revised definition leaves the least up to interpretation.

Proposal 1: 	Leave both calculation sentences, and add the following sentence as clarification in order to align with the RAN1 spec: “In calculating the number of PDCCH-subframes, the UE shall include PDCCH-subframes that belong to candidates/search spaces that will be dropped or not required to be monitored as specified in section 16.6 of TS 36.213 [2]”.

Conclusion
Based on the discussion above we note the following:
Observation 1: 	No matter whether the timer or counter is decremented in PDCCH subframes or subframes, the number of monitored NPDCCH candidates remains the same.
Proposal 1: 	Leave both calculation sentences, and add the following sentence as clarification in order to align with the RAN1 spec: “In calculating the number of PDCCH-subframes, the UE shall include PDCCH-subframes that belong to candidates/search spaces that will be dropped as specified in section 16.6 of TS 36.213 [2]”.

If the proposal is agreed, then we also have a draft CR [3] implementing the suggested changes available for discussion.
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