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In the NB-IoT Ad-Hoc meeting [1], the following agreements were concluded on the multiplexing between different NB-PDCCHs and the multiplexing between NB-PDSCH and NB-PDCCH.
Agreements:
· For NB-IoT, 
· 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
In this contribution, we give our further considerations on the design of NB-PDCCH search space.
CSS
In eMTC, CSS is supported for the control channel to schedule RAR and Paging. For eMTC SIBx transmission, dynamic scheduling via physical downlink control channel is not supported.
Compared to eMTC, the main difference for control channel transmission is the number of maximum RB limited from 6 RB to 1 RB. Therefore, the previous analyses on the transmission of common message (SIB, RAR and Paging) in eMTC can be similarly applied to the discussion of common message transmission in NB-IoT. 
For NB-IoT SIB, the transport block size of SIB message is usually not changed frequently, so the NB-IoT SIB can be transmitted without dynamic scheduling, which is beneficial to save systematic resource overhead and reduce UE’s acquisition time.
For RAR/Paging, depending on the number of multiplexed UEs within one RAR/Paging message, the transport block size of RAR/Paging message may be varied frequently. Therefore, NB-PDCCH in CSS would be beneficial to dynamically schedule NB-IoT RAR/Paging.
Proposal 1: NB-IoT CSS is supported for dynamic scheduling of NB-IoT RAR and Paging message. 
NB-PDCCH candidate 
The factors to construct one NB-PDCCH candidate may include starting NB-CCE index, aggregation level, repetition number, starting subframe. 
As analyzed in our companion contribution [2], the aggregation level should be always equal to 2 NB-CCEs for one NB-PDCCH in repetition. Correspondingly, the starting NB-CCE index of the NB-PDCCH is always equal to 0. 
The starting subframe of one NB-PDCCH candidate can be determined according to the NB-PDCCH repetition number and NB-PDCCH search space. As adopted in eMTC, within the same time duration, there may have multiple NB-PDCCH candidates with small repetition number and one NB-PDCCH candidate with large repetition number.
The following figure illustrates how to determine NB-PDCCH candidates. Assuming within one NB-PDCCH search space, four repetition numbers (R1, R2, R3 and R4) are supported for NB-PDCCH blind detection. For repetition number R1, there are eight possible NB-PDCCH candidates within one NB-PDCCH search space. The starting subframe of each NB-PDCCH candidate shall be determined by the starting subframe of search space and repetition number of NB-PDCCH candidate. For example, there are 15 NB-PDCCH candidates within one NB-PDCCH space in the figure below. However, it is important to reduce the blind decode load for NB-IoT compared to eMTC, in respect of the ultra-low UE complexity objective.


Figure 1: NB-PDCCH candidates
To reduce the number of UE NB-PDCCH blind detections within one NB-PDCCH search space, the NB-PDCCH candidates for a specific UE can be further limited according to UE’s RNTI. For example, UE determines the starting subframe of NB-PDCCH candidates according to a hashing function (as determining the starting CCE index in frequency domain). The figure below shows within the same NB-PDCCH search space, the NB-PDCCH candidates of UE1 can be different from that of UE2.


Figure 2: NB-PDCCH candidates for different UEs
For one NB-PDCCH transmitted without repetition, the aggregation level can be equal to one or two NB-CCEs. When aggregation level is equal to one NB-CCE, the starting NB-CCE index can also be determined based on RNTI as applied in LTE.
Proposal 2: The starting subframe of one NB-PDCCH candidate can be determined according to the NB-PDCCH repetition number, RNTI and NB-PDCCH search space. 
NB-PDCCH search space multiplexing among different coverage classes
As illustrated in Figure 1, one NB-PDCCH search space will be constructed by multiple candidates. The eNB can inform the starting subframe and period of NB-PDCCH search space per coverage class .


Figure 3: Illustration of configuring NB-PDCCH search space for one coverage class
As agreed in the last meeting, different NB-PDCCHs are TDM for extended coverage and extreme coverage. Further, as analyzed in our companion contribution [2], TDM should be adopted for different NB-PDCCHs in repetition.
As shown in the figure below, depending on eNB configuration on NB-PDCCH search space, the NB-PDCCH search space corresponding to different coverage classes can be overlapped or orthogonal. One NB-PDCCH search space of the lowest coverage class can be defined as one search space resource unit. One NB-PDCCH search space for high coverage class can be constructed by several search space resource units, and different search space resource units can be transmitted distracted as shown in the Figure 4-b.
Proposal 3: eNB should configure the starting subframe, interval of search space resource unit and period of NB-PDCCH search space per coverage class. 


(a)


(b)
Figure 4: NB-PDCCH search space multiplexing among different coverage classes
NB-PDCCH search space for each coverage classes
For the construction of NB-PDCCH, it can reuse the methodology of search space construction for eMTC. In eMTC, the possible control channel candidates are also related to the number of MPDCCH PRB set and number of PRBs within each MPDCCH PRB set. However, for NB-IoT, only one RB is used for NB-PDCCH transmission. Therefore, this is no need to configure PRB set. 
Moreover, in eMTC, {aggregation level, repetition number, number of trial} is used to describe the search space, and we can also reuse this mechanism for defining the NB-PDCCH search space of each coverage class. For each coverage class, the maximum repetition number Rmax can be configured by high layer signaling, and the supportable repetition number under each coverage class is determined according to the configured Rmax. For example, 
For coverage class 1, the supportable repetition numbers could be:
R1=1
R2= Rmax/2
R3= Rmax
For coverage class 2, the supportable repetition numbers are:
R1= Rmax/4
R2= Rmax/2
R3= Rmax
For coverage class 3, the supportable repetition numbers are:
R1= Rmax/8
R2= Rmax/4
R3= Rmax/2
R4= Rmax
The table below gives the possible NB-PDCCH candidate sets within one search space for each coverage class. The number of NB-PDCCH blind detection within one subframe should be less than that in eMTC. Moreover, to reduce NB-IoT UE’s blind detection and save NB-IoT UE’s power consumption, an NB-IoT UE should not be supported to simultaneously monitor CSS and USS.
Table 1: NB-PDCCH candidate set within one search space for each coverage class
	Coverage class
	NB-PDCCH candidate set

	1
	{1, 1, 2}, {2, Rmax/2, 1}, {2, Rmax, 1}

	2
	{2, Rmax/4, 1}, {2, Rmax/2, 1}, {2, Rmax, 1}

	3
	{2, Rmax/8, 1}, {2, Rmax/4, 1}, {2, Rmax/2, 1}, {2, Rmax, 1}



Proposal 4: The methodology of search space for eMTC should be the starting point for the design of NB-PDCCH search space.
Proposal 5: An NB-IoT UE should is not required to simultaneously monitor CSS and USS. 
The UE only monitors the search space corresponding to the coverage level that is supposed to be the UE’s coverage level. The assumed coverage level of the UE can be the coverage level where the UE transmits PRACH for RAR.
Conclusions 
In this contribution, further considerations on NB-PDCCH search space are provided, and the following proposals are given:
Proposal 1: NB-IoT CSS is supported for dynamic scheduling of NB-IoT RAR and Paging message. 
Proposal 2: The starting subframe of one NB-PDCCH candidate can be determined according to the NB-PDCCH repetition number, RNTI and NB-PDCCH search space. 
Proposal 3: eNB should configure the starting subframe, interval of search space resource unit and period of NB-PDCCH search space per coverage class. 
Proposal 4: The methodology of search space for eMTC should be the starting point for the design of NB-PDCCH search space.
Proposal 5: An NB-IoT UE should is not required to simultaneously monitor CSS and USS. 
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