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1 Introduction
During email discussion post RAN1 #88bis meeting [88b-07] Understanding of NPDCCH monitoring, the following bullets related to NPDCCH monitoring were agreed for Rel-13 NB-IoT:

It is RAN1 understanding that for Rel-13 NB-IoT: 
1) A UE is not required to monitor any candidates of a (first) NPDCCH search space if an NPDCCH candidate of the (first) NPDCCH search space ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another (second) NPDCCH search space having starting subframe k0 before subframe n+5. 
2)  The first and second search spaces can be of the same type or different types. 
3) This implies that configurations with T=4 would lead to the UE dropping all search spaces. 
FFS if specification change is needed to clarify that a “search space” is the set of candidates with ki derived from the same k0.
For Rel-14 NB-IoT, there is no consensus on NPDCCH monitoring. In this contribution, we discuss Rel-14 NB-IoT UE’s behavior on NPDCCH monitoring.
2 Discussion on NPDCCH monitoring for Rel-14 NB-IoT
In RAN1 #87 and #88 meeting, regarding 2 HARQ processes, there had the following agreement [1]:
· Introduce the {2 HARQ + 1352 bits DL TBS, 1800 bits UL TBS and no change to any Rel-13 specification for NPUSCH} 

· After receiving one DL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms before the start of the first NPDSCH. 

· After receiving one UL grant, Rel-14 NB-IoT UE supporting 2 HARQ processes is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms before the start of the first NPUSCH format 1.
From above agreements, a Rel-14 UE with 2-HARQ capability is able to monitor NPDCCH until 2ms before NPDSCH and NPUSCH. 
For Rel-14 NB-IoT UE, NPDCCH monitoring behavior may have the following options:
· Option 1: Same NPDCCH monitoring behavior regardless of  UE category/capability
· Option 1-1: The same NPDCCH monitoring behavior as in Rel-13 is applied to Rel-14 NB-IoT UEs. i.e., The UE is not required to monitor the NPDCCH search space that ends later than 4 ms before the beginning of the next NPDCCH search space.
· Option 1-2: The UE is not required to monitor the NPDCCH candidates that end later than 4 ms before the beginning of the next NPDCCH search space.
· Option 2: Different NPDCCH monitoring behavior according to the UE category/capability.
· Option 2-1: 
· For Rel-14 NB-IoT UEs with 1-HARQ capability, the UE is not required to monitor the NPDCCH search space that ends later than 4 ms before the beginning of the next NPDCCH search space.
· For Rel-14 NB-IoT UEs with 2-HARQ capability, the UE is not required to monitor the NPDCCH candidates that end later than 2 ms before the beginning of the next NPDCCH search space.
· Option 2-2: 
· For Rel-14 NB-IoT UEs with 1-HARQ capability, the UE is not required to monitor the NPDCCH search space that ends later than 2 ms before the beginning of the next NPDCCH search space.
· For Rel-14 NB-IoT UEs with 2-HARQ capability, the UE is not required to monitor the NPDCCH candidates that end later than 2 ms before the beginning of the next NPDCCH search space.
· Option 2-3: 
· For Rel-14 NB-IoT UEs with 1-HARQ capability, the UE is not required to monitor the NPDCCH search space that ends later than 4 ms before the beginning of the next NPDCCH search space.
· For Rel-14 NB-IoT UEs with 2-HARQ capability, the UE is not required to monitor the NPDCCH candidates that end later than 4 ms before the beginning of the next NPDCCH search space.
For NPUSCH and NPDSCH which is scheduled by NPDCCH, the NB-IoT UE knows the location of NPUSCH/NPDSCH and can buffer the data if the UE cannot timely decode the 2nd NPDCCH before NPUSCH/NPDSCH. Considering that blind decoding is required for NPDCCH, 2 ms processing delay may not be enough for a Rel-14 NB-IoT UE monitoring two adjacent NPDCCH search spaces. Considering that the DCIs for the two HARQ processes can be put in the same NPDCCH search space, existing 4 ms processing delay has no impact on the peak data rate. Based on above analysis, it is preferable to reuse existing 4 ms gap defined in Rel-13 NB-IoT.
From the perspective of implementation, if different NPDCCH monitoring behaviors are applied for Rel-14 NB-IoT UEs according to the UE category/capability, the logical processing would be much more complex compared with Option 1. To reduce the implementation complexity, it is recommended to use same NPDCCH monitoring behavior for Rel-14 NB-IoT UEs regardless of UE category/capability. 
Regarding Option 1-2, only dropping the NPDCCH candidates instead of the whole NPDCCH search space may slightly improve the flexibility. However, Rel-13 and Rel-14 NB-IoT UEs may coexist in a NB-IoT cell for a long time, different NPDCCH monitoring behaviors may increase implementation complexity of the eNB. Furthermore, Option 1-2 is an optimization solution. Considering that Rel-14 NB-IoT is in CR stage, the optimization is not necessary and Option 1-1 is preferable.
Proposal 1: The same NPDCCH monitoring behavior as in Rel-13 is applied to Rel-14 NB-IoT UEs. 
· No CR is needed.
3 Conclusions
In this contribution, we have discussed the NPDCCH monitoring options for Rel-14 NB-IoT UEs. We make the following proposals:
Proposal 1: The same NPDCCH monitoring behavior as in Rel-13 is applied to Rel-14 NB-IoT UEs. 

· No CR is needed.
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