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Introduction
During RAN2#102 over discussions on R2-1809094[1] regarding the handling of PDCCH Periods and invalid subframes, some companies mentioned that the definition for a PDCCH-subframes could be further clarified as well. In this discussion paper, we examine the current definition of PDCCH-subframes as it pertains to NB-IoT UE as well as propose an additional subclause for clarification.
[bookmark: _Ref178064866]Discussion
During the discussion in Busan on R2-1809094, companies agreed that a timer calculated in PDCCH-subframes used by an NB-IoT UE is only decremented when PDCCH is being actively monitored. On subframes where PDCCH is not monitored, the timer is not decremented, and those are not considered PDCCH-subframes. The clause that was added to the definition for PDCCH Period was:

“When counting a timer whose length is calculated in PDCCH-subframes, the UE shall include PDCCH-subframes that will be dropped or not required to be monitored as specified in section 16.6 of TS 36.213.”

Although the above was agreed to be added, there was also the opinion that if one looked at the definition for PDCCH-subframes located right next to that of PDCCH Period in the spec, there did not appear to be a definition for PDCCH-subframes that properly applied to NB-IoT UE.

For reference, the definition for PDCCH-subframes as given by TS 36.321[2] in Rel-15 is 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 3GPP TS 36.213 [2].

According to the above, depending on whether or not the serving cell is configured as FDD or TDD, the definition for PDCCH-subframe in the context of any UE takes either the “For FDD serving cells” definition or “For TDD serving cells” definition, unless it falls into a more specific subclause that follows. In the case of NB-IoT UE however, they do not fall into any of the remaining subclauses (BL UE include only eMTC UE). As a result, with the definition as it stands now, NB-IoT UE would take either the FDD serving cell or TDD serving cell definition.
Either definition reads similarly, which is to say that for NB-IoT UE, as highlighted above, all subframes represent PDCCH-subframes. In the context of NB-IoT however, this is incorrect.

Observation 1: 	The current definition for PDCCH-subframes implies that for NB-IoT UE, all subframes are PDCCH subframes.

The intended behaviour for decrementing a timer in units of PDCCH-subframes for NB-IoT (Scenario 1) is illustrated in the figure below. Additionally, the counting for if the definition for PDCCH-subframes is taken as is (Scenario 2) is also shown in order to illustrate incorrect behaviour.
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Despite this discrepancy in the spec, we believe that both UE and eNB vendors intuitively understand how to decrement PDCCH-subframe-defined timers for NB-IoT UE. In order to avoid confusion by future readers of the spec, we propose adding a subclause as follows in order to properly capture the definition for NB-IoT.

Proposal 1:	A subclause specifying a definition for PDCCH-subframes for NB-IoT UE is to be added to the specification.

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 in which the UE is required to monitor NPDCCH represent PDCCH-subframes among all valid subframes, see subclause 16.6 of 3GPP TS 36.213 [2].

Additionally, we also propose slightly modifying the wording for PDCCH Period, in order to align with the above proposal. If we were to borrow the current wording from PDCCH Period and say that:
“For NB-IoT UE, all subframes in which the UE is required to monitor NPDCCH represent PDCCH-subframes, including those that will be dropped or not required to be monitored as specified in section 16.6 of TS 36.213”, 
[bookmark: _GoBack]while leaving the current definition for PDCCH Period unchanged, then after taking both the definitions for PDCCH Period and PDCCH-subframe into account, that would essentially read as:
“all required to be monitored subframes and not required to be monitored subframes would be considered as PDCCH-subframes”. 
To avoid this possible contradiction, the above change to PDCCH-subframes requires the following modification to PDCCH Period.

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. When counting a timer whose length is calculated in PDCCH-subframes, the UE shall include PDCCH-subframes that will be dropped or not required to be monitored as specified in section 16.6 of TS 36.213 [2]. 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.

Companies are invited to give their input on the above proposed clarification. The above wording is based upon prior discussions on R2-1809094 and the definition as it applies for BL UE just above that. It has also been captured in draft CR R2-1811862 for consideration.

Conclusion
Based on the discussion above, we note the following:
Observation 1: 	The current definition for PDCCH-subframes implies that for NB-IoT UE, all subframes are PDCCH subframes.
Proposal 1:	A subclause specifying a definition for PDCCH-subframes for NB-IoT UE is to be added to the specification.
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