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1 Introduction
This contribution clarifies some details of NPDCCH monitoring requirements in TS 36.213 with text proposals appended at the end.
2 Clarifications on NPDCCH monitoring
2.1 NPDCCH monitoring between NPDSCH and ACK/NACK

In the RAN1#84bis meeting it was agreed that [1]:
· Monitoring

· An NB-IoT UE that has received a grant from an NB-PDCCH is not required to monitor NB-PDCCH for any further DL or UL grant during the time period between the end of the NB-PDCCH that schedules the grant and the start of the corresponding NB-PDSCH or NB-PUSCH transmission
The intention of this agreement follows a general principle in NB-IoT that the ultra-low cost NB-IoT UE should only be required to one thing at a time, as it has very little, if any, spare processing capability. However, it is unclear if “the corresponding NB-PDSCH or NB-PUSCH transmission” includes the scheduled ACK/NACK transmission on NPUSCH. If the uplink ACK/NACK transmission is not included, it is possible that there exists NPDCCH for the UE between the end of the NPDSCH transmission and the start of its corresponding uplink ACK/NACK transmission, as shown in Figure 1.
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Figure 1 Possible NPDCCH monitoring between NPDSCH and its corresponding ACK/NACK

According to the agreements in the RAN1 #84bis meeting, the time offset between the end of NPDSCH transmission and the start of its corresponding uplink ACK/NACK transmission  is scheduled by eNB from the set of 12ms+{0ms, 8ms} for 3.75 kHz subcarrier spacing and 12ms+{0ms, 2ms, 4ms, 6ms} for 15 kHz subcarrier spacing. The maximum time offset is 12ms+8ms. The baseline delay of 12ms mainly comes from the latency required for NPDSCH processing at UE. It is also agreed that “The start of NB-PUSCH transmission is >=8ms later than the end of its associated NB-PDCCH transmission”. The constraint of at least 8 ms delay mainly considers the latency required for NPDCCH decoding at UE. According to the above analysis, it is difficult for a low-complexity UE to monitor NB-PDCCH during the time offset between the end of NPDSCH transmission and the start of its corresponding uplink ACK/NACK transmission. Furthermore, the last DL subframe will be dropped as a Type-B HD-FDD guard period, so the number of subframes may be irregular. Finally, the gap between NPDCCH and NPUSCH is smaller than (12+x) ms, thus clearly only suitable for UEs needing smaller numbers of NPDCCH repetitions, and therefore is completely unusable for scheduling UEs in deeper coverage who would nevertheless be required to monitor NPDCCH as normal during this time. Consequently, it is proposed to clarify that “the corresponding NB-PDSCH or NB-PUSCH transmission” includes the scheduled ACK/NACK transmission on NPUSCH format 2.
Proposal 1: Clarify that “the corresponding NB-PDSCH or NB-PUSCH transmission” includes the ACK/NACK transmission on NPUSCH format 2 scheduled in DCI Format N1.

2.2 NPDCCH monitoring between format N1 and NPRACH

The NPDCCH monitoring during the gap between the end of NPDCCH order via DCI format N1 and the start of NPRACH transmission should also be clarified. NPDCCH order indicates UE to send NPRACH for uplink synchronization. Before uplink synchronization is done, it is not reliable to decode NPUSCH transmission correctly. The uplink ACK/NACK transmission corresponding to NPDSCH transmission will also fail with high probability. Consequently, uplink synchronization is needed before any other scheduling. Therefore, a NB-IoT UE should not be required to monitor NPDCCH between the end of NPDCCH order and the start of the ordered NPRACH transmission.
Proposal 2: An NB-IoT UE that has received a NPDCCH order is not required to monitor NPDCCH for any further DL or UL grant during the time period between the end of the NPDCCH order and the start of the ordered NPRACH transmission.

3 Clarifications related to TS 36.213
In section 16.6 of 36.213 [2], only the NPDCCH monitoring procedure between the end of NPDCCH with DCI Format N0 and the start of the corresponding NPUSCH transmission is specified. The NPDCCH monitoring procedure between the end of NPDCCH with DCI Format N1 and the start of the corresponding NPUSCH format 2 transmission should be clarified as in the TP1 below.
The NPDCCH monitoring procedure related to NPDCCH order with DCI format N1 is also added in TP1 below.

4 Conclusion
Clarification to ensure ultra-low complexity UEs do not have excessive NPDCCH monitoring requirements are discussed, the corresponding text proposal for 36.213 is given below.

Proposal 1: Clarify that “the corresponding NB-PDSCH or NB-PUSCH transmission” includes the ACK/NACK transmission on NPUSCH format 2 scheduled in DCI Format N1.
Proposal 2: An NB-IoT UE that has received a NPDCCH order is not required to monitor NPDCCH for any further DL or UL grant during the time period between the end of the NPDCCH order and the start of the ordered NPRACH transmission.
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Text Proposal 1 for 36.213:

--------------------------------------------------------- Start of TP -----------------------------------------------------
……
16.6
Narrowband physical downlink control channel related procedures
If a NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 until subframe n+k-1.
If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPUSCH format 2 transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 until subframe n+k-1.
If a NB-IoT UE detects NPDCCH with DCI Format N1 for NPDCCH order ending in subframe n, and if the corresponding NPRACH transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 until subframe n+k-1.
……
--------------------------------------------------------- End of TP -----------------------------------------------------
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