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1 Introduction
In RAN1 NB-IoT AdHoc meeting [1], it was agreed for NB-PDCCH:
· 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 

· Same transmission scheme is applied to NB-PDCCH, NB-PBCH, and NB-PDSCH

· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases

· In in-band, first few OFDM symbols are not used for NB-PDCCH
· FFS CFI is signaled by SIB or MIB or fixed to 3

· In stand-alone and guard-band, all OFDM symbols are assumed to be available for NB-PDCCH

· REG is not defined for NB-PDCCH

· Within CCE resource(s) for NB-PDCCH transmission, a SFBC pair is transmitted consecutively available two REs which is within a OFDM symbol
· REs within SFBC pair can be separated at most one tone

· LTE CRS (if present) is rate matched

· NB-RS  is rate matched

· This has no implication of NB-RS patterns
· FFS: handling of CSI-RS REs
· For NB-IoT, 

· 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
Based on the above agreements, we provide more details about NB-PDCCH, including resource mapping and search space design in this contribution.
2 Resource mapping
According to the agreements: 
· One CCE consists of 6 subcarriers per OFDM symbol in a subframe
there may have two main categories for the CCE resource mapping:

Category A: the 6 subcarriers are consecutive in frequency domain 
Category B: the 6 subcarriers are non-consecutive in frequency domain
For Category A, two alternatives can be considered with 

Alt.A-1: the 6 consecutive subcarriers are located in the same half of the PRB pair for all OFDM symbols.

Alt.A-2: the 6 consecutive subcarriers alternate in the upper half or lower half of the PRB pair for each OFDM symbol.

For Category B, due to the SFBC transmission scheme, the 6 subcarriers of a CCE are divided into 3 SFBC (or 2 on NB-RS OFDM symbols) pairs which are located on odd/even RE pairs per OFDM symbol. Further, there are also two alternatives:

Alt.B-1: the 3 (or 2) SFBC pairs are located with the same RE pairs (either odd or even) for all OFDM symbols.

Alt.B-2: the 3 (or 2) SFBC pairs alternate on odd or even RE pairs for each OFDM symbol.

Fig.1 illustrates the different alternatives for NB-CCE mapping within a subframe.
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(a) Alt.A-1

[image: image2.png]



(b) Alt.A-2
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(c) Alt.B-1
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(d) Alt.B-2

Figure 1: The different alternatives for CCE mapping within the NB-PDCCH subframe
Basically, Category B is trying to distribute the REs of a CCE to a whole subframe which may potentially benefits from frequency diversity. Similar gain may be obtained by the Alt.A-2 of Category A. Therefore it has no motivation for us to define with non-consecutive subcarriers of each OFDM symbol. Further, considering the small bandwidth of NB-IoT system, the advantage from frequency diversity might be limited. As a result unless significant gain is observed from other alternatives, we prefer Alt.A-1 resource mapping for the sake of simplicity.
Proposal #1: The CCE consists of 6 consecutive subcarriers on the same positions in frequency domain of each OFDM symbol.
3 Search space design
In this section, we discuss about the search space design from the aspects of aggregation level, repetition and UE blind decoding. 
3.1 Considerations on aggregation level
In LTE PDCCH or EPDCCH, different aggregation levels (AL, number of CCEs of a PDCCH/EPDCCH) are defined to guarantee the performance of control channel decoding for the UEs with different link quality. We may also define the different ALs for NB-PDCCH to support UEs in different coverage level. In [2] we have demonstrated that UE’s buffer size for NB-PDCCH blind decoding is proportional to the maximum defined aggregation level of the UE’s search space. For UE cost’s concern, we should therefore avoid specifying a maximum AL with large value. 

Furthermore, another dimension by subframe repetition has been introduced to further lower the effective code rate for extended/extreme coverage UEs. In this regard, we can define the maximum aggregation level as the size which is able to accommodate the encoded NB-PDCCH bits without puncturing. For NB-IoT, the DCI size should be smaller than the case of LTE or eMTC. The consensus among this working group is that the DCI size is targeted with size 30 to 40 bits. Therefore the resource available within one subframe should be fairly enough to convey the encoded DCI.
Proposal #2: The maximum aggregation level of NB-PDCCH is 2.

Proposal #3: For aggregation level 2, the 2 CCEs are within the same subframe.

In Table I we define two NB-PDCCH formats with aggregation level 1 and 2. For each aggregation level, the number of available REs of an NB-PDCCH is different for different operating mode. For in-band mode, it is also affected by the LTE CRS port number.
Table 1: NB-PDCCH format
	NB-PDCCH format
	NCCE # per NB-PDCCH
(Aggregation Level, AL)
	Number of REs per NB-PDCCH

	
	
	Stand-alone mode or guard-band mode
	In-band mode with 1 or 2 CRS APs

(PDCCH region, L=3)
	In-band mode with 4 CRS APs(PDCCH region, L=3)

	0
	1
	76
	52
	50

	1
	2
	152
	104
	100


3.2 NB-PDCCH repetition
Subframe repetition is introduced in NB-IoT to lower the code rate for better protection in worse channel conditions. As we have defined two AL, 1 and 2, for the NB-PDCCH, it is rational to specify that the repetition only occurs when the largest aggregation level (AL=2) has been applied. 

One reason is that this can prevent the case of repeating the encoded bits with puncturing when AL=1. For example, in in-band mode with 4 CRS APs, only 100 channel bits are available to convey the encoded DCI. If the DCI is finally defined as 40 bits, the encoded bits may be rate matched to fit in one CCE. Even with repetition, there may have some parity bits that are never transmitted. We believe the performance would be worse than the scheme with same code rate by using AL=2 and half repetition number.   
Another justification is the simplification of search space design. Without considering the case of AL=1 with repetition, it can naturally reduce the candidates of NB-PDCCH blind decodes which reduces UE’s complexity. Some details about blind decoding will be discussed in sec.3.3. 
Proposal #4: NB-PDCCH repetition only occurs when AL=2.
According the link level evaluation results [3], the NB-PDCCH of extreme coverage UE may need hundreds of repetitions to meet the BLER requirement. Some techniques, such as scheduling window concept [4] or transmission gap [5], can be introduced to avoid blocking. In that case, the NB-PDCCH may repeat in consecutive or non-consecutive subframes.
Proposal #5: NB-PDCCH repetition subframes can be consecutive or non-consecutive.

3.3 NB-PDCCH blind decoding
UE’s complexity on NB-PDCCH mainly depends on the number of blind decodes. Due to the low cost target of NB-IoT UE, it is highly desirable to minimize the required number of NB-PDCCH blind decoding. Blind decoding candidates of UE-SS in eMTC is at most 16, it is preferred to reduce the number even further.
For example, Fig.2 demonstrates the search space design for UEs in normal coverage. We denote the search space here by {AL, R, C}; where 
· AL is the aggregation level, 
· R represents the repetition number, 

· C is the number of blind decoding candidates corresponding to {AL, R} pair. 
Code rate of DCI depends AL and R. In Fig.2, four code rates are defined, and for example CR0 refers to AL=1 and R=1. There are 2 blind decoding candidates defined for CR0. In the example, there are eight possible CR0 choices. With pre-defined hash function, each UE can determine its own 2 blind decoding candidates. There are in total six blind decoding candidates defined : two for CR0, two for CR1, one for CR2, one for CR3.

[image: image5]
Figure 2: Example of NB-PDCCH blind decoding candidate for normal coverage UEs
Generally speaking, four different code rates with 6 blind decoding candidates may be pre-defined for Normal/Extended/Extreme coverage UE, as shown in Table 2.
Table 2: NB-PDCCH blind decoding candidates
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If after further study, five code rates are appropriate to be defined for Normal coverage, it is preferred to have at most 8 blind decoding candidates, as shown in Table 3.

Table 3: NB-PDCCH blind decoding candidates with 5 different code rates for Normal coverage
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Proposal #6: The number of blind decoding of NB-PDCCH in NB-IoT at most 8 for normal or extended/extreme coverage UEs
3.4 NB-PDCCH search space according to scheduling window design
Scheduling window is proposed for NB-PDSCH in [6]. It is convenient to define search space of NB-PDCCH according to scheduling window design. “Block” issue is always addressed in NB-IoT design. “Block” issue means the long transmission of Extreme coverage UE blocks the transmission of Normal coverage UE. To prevent “block” issue, search space of Normal coverage UE and that of Extended/Extreme coverage UE could be separated, as shown in below Figure 3. Search space of Normal coverage only occurs in even scheduling window, and search space of Extended/Extreme coverage UE only occurs in odd scheduling windows. In this way, transmission of Normal coverage is ensured. In addition, NB-PDCCH repetition number of Extended/Extreme can be defined according to subframe number per scheduling window. As shown in Table 4, 
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Figure 3: search space design of NB-PDCCH
Table 4: NB-PDCCH blind decoding candidates corresponding to scheduling window design
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Proposal #7: Search space of Normal coverage UE and that of Extended/Extreme coverage UE do not overlap.
4 Conclusion
This contribution describes the details of downlink control channel design for NB-IoT. The corresponding proposals are summarized as follows:
Proposal #1: The CCE consists of 6 consecutive subcarriers on the same positions in frequency domain of each OFDM symbol.

Proposal #2: The maximum aggregation level of NB-PDCCH is 2.

Proposal #3: For aggregation level 2, the 2 CCEs are within the same subframe.

Proposal #4: NB-PDCCH repetition only occurs when AL=2.

Proposal #5: NB-PDCCH repetition subframes can be consecutive or non-consecutive.

Proposal #6: The number of blind decoding of NB-PDCCH in NB-IoT is at most 8 for normal or extended/extreme coverage UEs.
Proposal #7: Search space of Normal coverage UE and that of Extended/Extreme coverage UE do not overlap.
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