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Introduction
For NB-IoT, based on similar requirements and in order to reduce the standardization effort, we suggest to use the search space design principles for LTE Rel-13 eMTC as a starting point and make suitable modifications to incorporate the characteristics of the NB-IoT carrier, e.g. the channel bandwidth of 180 kHz. In this paper we provide our view on search space design considerations for NB-IoT.
Common search space 
In this section we discuss the necessity of using one or more common search spaces for transmission of broadcast control messages.
Although scheduling of the paging and RAR messages in predefined locations may be a straightforward solution, it will consume time/frequency resources and reduce the scheduling flexibility. Furthermore, traffic patterns of paging and RAR messages are less predictable compared to SIB information. Taking these considerations into account, it is suggested to have a common search space for RAR/paging messages.
Proposal 1: Common search space is defined at least for scheduling of paging and RAR. 
The payload of a paging record can vary in size. In LTE and eMTC it varies between 25 to 61 bits. If multiplexing of multiple paging records within a single NB-PDSCH transport block is supported, an even larger range of allowed transport block sizes will be needed for NB-PDSCH for paging. A purely NB-PDSCH-based search space (not relying on NB-PDCCH but instead relying on blind decoding of NB-PDSCH) results in MCS/TBS blind decoding by the UE, something which is not desired from UE complexity and processing delay points of view. Thus it is suggested that paging messages are carried by NB-PDSCH transmissions scheduled by NB-PDCCH. Using this method, paging indication is carried by NB-PDCCH and if there is a paging attempt UE will decode corresponding NB-PDSCH to check if there it can find a paging record corresponding to its UE identity there. Further details and consideration of paging physical layer procedure can be found in [1].
Proposal 2: NB-PDCCH scheduled NB-PDSCH is used to carry paging record(s). 
The RAR message is transmitted in response to a PRACH preamble and the detailed design depends on the PRACH design and the random access procedure. Similarly to paging, transmission of RAR messages is associated with a blocking probability. As pointed out in [2], our preference is to adopt a similar solution for NB-IoT as for LTE Rel-13 eMTC, meaning that the RAR message(s) are transmitted in an NB-PDSCH transmission scheduled by an NB-PDCCH.
Proposal 3: NB-PDCCH scheduled NB-PDSCH is used to carry RAR message(s).
The number of NB-PDCCH repetitions for paging and RAR should ideally be adapted according to the coverage situation of the UE in a similar fashion as in eMTC. 
UE-specific search space 
For unicast downlink control information (DCI) transmission it is agreed that NB-IoT supports a physical downlink control channel NB-PDCCH [3]. And as discussed in [4], NB-PDCCH can carry the DCI message with different repetition levels depending on the UE’s coverage level. Also, it may be beneficial to apply different DCI formats for different coverage levels and type of DCI content (e.g. uplink grant or downlink resource allocation). Furthermore, for UEs in normal coverage it is suggested to support different ECCE aggregation levels [4]. The UE may not have a-priori knowledge of some of these settings, meaning that the UE needs to do blind detection between a few NB-PDCCH candidate hypotheses.
Requiring the UE to always monitor all different combinations of these options (repetition levels, aggregation levels, DCI formats) may impose a too large processing load on the UE and not be efficient from delay and complexity points of view. This may justify having a UE-specific search space with a limited number of candidates for blind decoding, similar to LTE and eMTC, so that the UE will acquire its own unicast DCI.
Proposal 4: Unicast DCI is scheduled using UE-specific search space.
In order to avoid blocking, each UE should have search space with different values for each parameter, i.e. aggregation level and number of repetitions so that the scheduler has the ability to avoid blocking and schedule many UEs. For UEs in enhanced coverage where it is efficient to allocate the whole bandwidth to one NB-PDCCH, this search space can be based on different repetition levels only, whereas for UEs in normal coverage which there may be a lesser need for repetition, it could be based on fewer repetition levels but more aggregation levels.
Proposal 5: For NB-PDCCH UE-specific search space of possible combinations of {Aggregation level, Number of repetitions} can be defined:
· Multiple NB-PDCCH candidates with different aggregation levels and (small) repetition levels can be configured for UEs in normal coverage level.
· Multiple NB-PDCCH candidates with different (large) repetition levels can be configured for UEs in enhanced coverage level.
Also, for keeping the number of blind decoding trials low it is suggested that the number of blind decodings is no more than that of LTE Rel-13 eMTC.
Proposal 6: Number of blind decoding trials is less than or equal to number of trials LTE Rel-13 eMTC.
Conclusions
In this contribution we have considered and discussed the necessity of having UE-specific and common search space design. Based on the discussion we have the following proposals:
Proposal 1: 	Common search space is defined at least for scheduling of paging and RAR. 
Proposal 2: 	NB-PDCCH scheduled NB-PDSCH is used to carry paging record(s). 
Proposal 3: 	NB-PDCCH scheduled NB-PDSCH is used to carry RAR message(s).
Proposal 4: 	Unicast DCI is scheduled using UE-specific search space.
Proposal 5: 	For NB-PDCCH UE-specific search space of possible combinations of {Aggregation level, Number of repetitions} can be defined:
· Multiple NB-PDCCH candidates with different aggregation levels and (small) repetition levels can be configured for UEs in normal coverage level.
· Multiple NB-PDCCH candidates with different (large) repetition levels can be configured for UEs in enhanced coverage level.
Proposal 6: 	Number of blind decoding trials is less than or equal to number of trials LTE Rel-13 eMTC.
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