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Introduction
	RAN1 NB-IoT adhoc agreements:
· A CCE for NB-PDCCH is composed by resources within a subframe
· within a PRB pair, 2 CCEs are defined 
· Single antenna port transmission is also supported based on the above definition 
· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases
· One CCE consists of 6 subcarriers per OFDM symbol in a subframe
· NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE
· It means that only cross subframe scheduling is supported
· Different NB-PDCCHs:
· TDM at subframe level for extended and extreme coverage.
· Can be multiplexed in one subframe for normal coverage
· FFS: FDM+TDM



	RAN1#84 agreements:
· DL and UL scheduling delays are indicated in DCI
· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 
· FFS the number of values and the sets of values
· CSS is defined for RAR (as well as paging)
· UE is not required to simultaneously monitor NB-PDCCH USS and CSS
· Max aggregation level for NB-PDCCH: 2
· Repetition is only applied in case AL=2
· For USS, UE only searches in its configured set of ALs and numbers of repetitions of PDCCH
· When AL = 2 is used, two NB-CCEs of the same UE are in the same subframe
· For blind decoding, UE is not required to monitor more than:
· 3 NB-PDCCH blind decoding candidates in any subframe when there is no NB-PDCCH repetition, and 
· 4 NB-PDCCH blind decoding candidates in any subframe when there is NB-PDCCH repetition of any of the candidates in the subframe



	Working Assumption:
· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space



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 for NB-IoT.
UE-specific Search space design
In this section we will try to explain the detail design of the UE specific search space however most of the design principle and structure can be reused for common search space as well. 
Rel.13 LTE MTC and NB-IoT targets the same requirements and use cases, and in order to fulfill these requirements, both uses similar physical channel design and techniques to reach UEs in extreme and extended coverages, including repetition of data and control channel on subframe basis. Therefore it is reasonable to reuse rel.13 LTE MTC search space design for NB-IoT as much as possible in order to reduce standardization effort as well.
Proposal 1: NB-IoT search space design reuse LTE rel.13 MTC search space design principles.
Regarding downlink control channel for NB-IoT i.e. NPDCCH, it is already agreed that only two CCEs are defined per subframe. Which means each UE can only have one or two aggregation levels to transmit control signaling per subfreme. Further it is agreed that in case there are repetitions, only aggregation level 2 is used and when AL = 2 is used, two NB-CCEs of the same UE are in the same subframe. This means that for NPDCCH with repetitions always AL=2.  
Proposal 2: NPDCCH candidates with repetition in the search space are only defined for AL=2.
In order to manage the search space and reduce the number of BDs, the concept of starting subframe for search space should be resused which means that UEs will start blind decoding at the beginning of specific subframes. The starting subframe could be properly set for both UE-specific and common search space.
Proposal 3: Starting subframe occasions are defined for NB-IoT search space so that UEs only need to begin blind decoding at starting subframe occasions.
Also similar to LTE Rel.13 MTC, number of repetition levels that is monitored by UE in each search space occasion should be limited in order for the UE to be able to decode all candidates within the search space period. For that matter it is already agreed to have no more than 4 blind decoding at each subframe when there are repetitions. Also the working assumption is that the start of an NPDCCH search space is at least 4ms after the end of the last NPDCCH search space. In order to fulfil this requirements and making sure that UE will get proper time to do the blind decoding, the search space for the case when have repetitions can be defined similar LTE REl. 13 MTC as shown in figure1. This means the set of candidates needs to be decoded by the UE are {2, Rmax /8, 1}, {2, Rmax /4, 1}, {2, Rmax /2, 1}, {2, Rmax, 1} and if Rmax /k is not an integer UE simply ignores this case. For Rmax = 2 we can add aggregation level 1 as well so that we have more opportunities to schedule PDCCH. In this case search space is the set of following candidates{1,1,2}, {2,1,1}, {2,2,1}. 
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Figure 1) Search space based on eMTC without any gaps in transmission
However as we explained in [1], it seems vital for NB-IoT downlink to define gaps between transmission of extreme coverage UEs so that UEs with no or a few number of repetitions can receive their data without any excessive delay. So it is necessary to introduce grid structure where each grid splits into two set of consecutive valid subframes. One part used to transmit repetitions of extreme coverage UEs and the other is the gap where UEs with no or few number of repetitions can receive data and control in downlink.  
Proposal 4: In case of extreme coverage, gaps are introduced within the search space.
In order to incorporate this idea to search space design, we simply extend the length of each candidate in search space by including the gaps. However UEs in extreme coverage only needs to accumulate valid subframes inside the transmission part and simply ignore the gap when try to decode the PDCCH. In case the candidate is not in extreme coverage, the same behaviour is applicable while in this case there is no gap that needs to be taken into account.  
Proposal 5: In case of extreme coverage, UEs need to monitor discontinuous repetitions imposed by the gaps. For this case UEs only accumulate scheduled valid subframes not in the gaps. This means UE needs to monitor following sets: 
{2, Rmax /8 + Rgaps /8, 1}, {2, Rmax /4 + Rgaps /4, 1}, {2, Rmax /2 + Rgaps /2, 1}, {2, Rmax + Rgaps , 1} 
Where Rmax is number of maximum repetitions configured for USS and Rgaps is the length of all gaps, in terms of number of subframes, applied during Rmax. In case any of the above candidates’ transmission does not contain gaps, Rgaps /k should be set to zero.
Since within the gaps, UEs not in extreme coverage, can receive downlink information, it is necessary that set the length of the gaps so that search space can be defined inside the gaps as well. In this case above proposal can be used by setting Rgaps to zero. For Rmax = 2 following set of candidates{1,1,2}, {2,1,1}, {2,2,1} can be used as mentioned before.
Proposal 6: Proposal 5 can be used for search space set of candidates for UEs not in extreme coverage by setting Rgaps=0. For Rmax = 2  UE moniots following set of candidates {1,1,2}, {2,1,1}, {2,2,1}. 
Proposal 7: transmission part for extreme coverage UEs can be used to set up search space for non-extreme coverage UEs if it is not scheduled for extreme coverage UEs.
In order to manage search space for extreme coverage and non-extreme coverage UEs, UE specific starting subframe can be used to indicate the starting point of blind decoding.
Proposal 8: search space starting subframe method is used to manage starting point of BD for extreme and non-extreme coverage UEs.
As explained in [1], we can define a threshold to distinguish extreme coverage and non-extreme coverage, this threshold could be simply based on the number of repetitions assigned to extreme coverage. in this case 
Proposal 9: Gaps are not defined for the candidate in case Rmax /k is not within the range of extreme coverage number of repetitions.
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Figure 2. search space with gaps
In case of no repetition there are 3 possible configurations that should be checked by the UE i.e. two aggregation level 1 possibility i.e. CCE#1, CCE#2 and one possible aggregation level 2. This is in line with the agreement on having at most 3 blind decoding candidates in any subframe when there is no NB-PDCCH repetition.
Proposal 10: Candidates which in the search space for the case of no repetitions are {1,1,2}, {2,1,1} i.e. overall three blind decoding.

CSS search space design
We can reuse most of the design of USS for common search space as well, the detail of CSS for paging is explained in [2]. Regarding search space for RAR, msg.3 fall-back and msg4, we can wait until more agreement is reached for RACH process for NB-IoT. 
Conclusions
In this contribution we discussed the search space design principles, following is our proposals
Proposal 1: NB-IoT search space design reuse LTE rel.13 MTC search space design principles.
Proposal 2: NPDCCH candidates with repetition in the search space are only defined for AL=2.
Proposal 3: Starting subframe occasions are defined for NB-IoT search space so that UEs only need to begin blind decoding at starting subframe occasions.
Proposal 4: In case of extreme coverage, gaps are introduced within the search space.
Proposal 5: In case of extreme coverage, UEs need to monitor discontinuous repetitions imposed by the gaps. For this case UEs only accumulate scheduled valid subframes not in the gaps. This means UEs needs to monitor following NPDCCH candidates: 
{2, Rmax /8 + Rgaps /8, 1}, {2, Rmax /4 + Rgaps /4, 1}, {2, Rmax /2 + Rgaps /2, 1}, {2, Rmax + Rgaps , 1} 
Where Rmax is number of maximum repetitions configured for USS and Rgaps is the length of all gaps, in terms of number of subframes, applied during Rmax. In case any of the above candidates’ transmission does not contain gaps, Rgaps /k should be set to zero.
Proposal 6: Proposal 5 can be used for search space set of candidates for UEs not in extreme coverage by setting Rgaps=0. For Rmax = 2  UE moniots following set of candidates {1,1,2}, {2,1,1}, {2,2,1}. 
Proposal 7: transmission part for extreme coverage UEs can be used to set up search space for non-extreme coverage UEs if it is not scheduled for extreme coverage UEs.
Proposal 8: search space starting subframe method is used to manage starting point of BD for extreme and non-extreme coverage UEs.
Proposal 9: Gaps are not defined for the candidate in case Rmax /k is not within the range of extreme coverage number of repetitions.
Proposal 10: Candidates which in the search space for the case of no repetitions are {1,1,2}, {2,1,1} i.e. overall three blind decoding
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