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1. Introduction
At the RAN1 #83 meeting, there were several discussions regarding the downlink control channel for NB-IoT and the related agreement was reached as follows [1].
Agreements:
· NB-IoT supports a physical downlink control channel, NB-PDCCH
Companies are encouraged to consider details of downlink control channel and scheduling design during this Ad-hoc meeting. In this contribution, we discuss the detailed NB-PDCCH designs in terms of NB-PDCCH construction, search space design and DCI. Then, our initial views are to be revealed based on the discussion.  
2. Discussion

2.1. NB-PDCCH construction
A. Baseline for the NB-PDCCH construction
Regarding the baseline for NB-PDCCH construction, the following two alternatives are possible. 
Alt.1: PDCCH-based construction
In this alternative, REG-based resource mapping and CRS-based SFBC transmission scheme are supported 
Alt.2: EPDCCH/MPDCCH-based construction
In this alternative, eREG concept is utilized for the resource mapping and the transmission scheme can be the DM-RS based beamforming or precoder cycling.   
The benefit of first alternative is to remove the relying on the DM-RS and then only CRS is to be monitored by NB-IoT devices, which could reduce the complexity on the device side. Since SFBC requires transmission on multiple pairs of resource units (REs), while it is probably that the total number of REs may not be integer of the transmission pairs, then there would be some orphan REs left. Compared with PDCCH-based design, the EPDCCH-based or MPDCCH-based design could utilize all possible resources within one subframe. Furthermore, it could provide good commonality with LTE-MTC and would be forward-compatible with future operation by allowing NB-IoT not to rely on the CRS. While the pay of the second alternative is the support of both DM-RS and CRS, which may potentially incur more device cost. Thus, which design should be adopted needs further investigation.  

B. Multiple-subframe control region
Considering only 1 PRB is supported by the NB-IoT, the straightforward DCI mapping is to support the aggregation level of up to 4 (E)CCEs in order to map one DCI within one subframe and repeat this DCI for multiple subframes to achieve the receiving requirement. Another alternative is to span the control region across multiple subframes and support the aggregation levels of more than 4 (E)CCEs . Then, one DCI can be mapped across multiple subframes. Considering support of aggregation levels more than 4 (E)CCEs could enable better resource multiplexing flexibility and higher aggregation level could potentially benefit from the coding gain compared with simple repetition, we prefer the alternative of spanning the control region across multiple subframes and supporting aggregation level of more than 4 (E)CCEs. 
C.  (E) CCE construction for NB-PDCCH 
As it is better to span the control region across multiple subframes, then two alternatives are possible for the (E) CCE construction for NB-PDCCH
Alt.1: (E)CCE is constructed by (E)REGs from the same subframe

Alt.2: (E)CCE is constructed by (E)REGs from multiple subframes
From simplicity perspective, Alt.1 is better. Certain time diversity gain can be expected in Alt.2, while considering little mobility feature of NB-IoT devices, the gain may be negligible. Thus, we have a slight preference on constructing the (E)CCEs by using (E)REGs from the same subframe for simplicity 
D. Multiplexing of NB-PDCCHs from different coverage enhancement level
As for the multiplexing manner, we see the following alternatives
Alt.1: FDM manner

Among the 180 kHZ bandwidth, different sub-carriers or (E)CCEs within one subframe are assigned to NB-PDCCHs of different coverage enhancement levels. 

Alt.2: TDM manner
During a period, NB-PDCCHs of different coverage enhancement levels are transmitted by using different subframes. The subframes for different coverage enhancement level can be reserved based on pre-defined rule or managed by eNB’s scheduling. 
Considering there is only 180kHz for transmission, utilizing FDM manner may incur potential resource fragment and complicate the eNB scheduling at the same time. TDM manner seems easier to implement. As for the detailed TDM manner realization, reserve certain subframes for different coverage enhancement based on predefinition is more beneficial to the power saving and eNB’s scheduling. 
Proposal 1 : Consider the following points for the NB-PDCCH construction.
· Further investigate which design is more appropriate for NB-PDCCH, PDCCH-based design or E-PDCCH-based design.
· Support mapping the control region of NB-PDCCH across multiple subframes.
· Construct (E) CCEs by using (E)REGs from the same subframe.
· Apply TDM manner to multiplex NB-PDCCHs of different coverage enhancement level over 180 kHz.
2.2.  Search space design

A. Support of different search spaces
For eMTC in Rel-13, search spaces for different purposes are defined. For example, UE-specific search space is defined for the unicast scheduling, while common search space for RAR and search space for Msg.3 re-transmission and Msg.4 are defined to schedule the message during RACH accordingly. Common search space for paging is also defined dedicatedly for the scheduling of paging message. For the NB-IoT, at least UE-specific search space is needed for the unicast scheduling, while the necessity of common search space for RACH or paging depends on the scheduling algorithm and also RAN2 discussion. For example, if control-less scheduling is defined for the scheduling of messages during RACH or paging, then there is no need to define common search space for RACH or paging. Thus, before we address the common search space definition or design, we should firstly discuss the mechanism for paging and RACH. 
B. Subframes for NB-PDCCH monitoring

As we discussed in the above sub-section, supporting control region spanning in time-domain is desirable. If the control region could start in any subframe, it will incur lots of blind decodings on the device side, which is not beneficial to the power saving. To avoid this situation, similar mechanism to eMTC can be reused, in which a subset of available starting subframes for NB-PDCCH monitoring is defined. Then the NB-IoT UE does not have to monitor every possible time resource for its control message detection

C.  (E)CCE index determination
For normal LTE UEs and eMTC UEs, the (E)CCEs are indexed within one subframe. And the (E)CCEs for one search space is determined based on hash function  as shown below.
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 is the slot number within a radio frame.
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 is the number of PDCCH candidates to monitor in the given search space. Generally,  the input parameters to determine the (E)CCE index are slot/ subframe index of the transmitted DCI within one radio frame, UE-ID and aggregation level.
However, the situation is different for NB-IoT case. Since the control region is likely to span over multiple subframes, the (E)CCE indexing across multiple subframes should be newly defined. A simple method is to index all the ECCEs across multiple subframes in ascending order in time domain as shown in the following example. 
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Figure 1 Example of (E)CCE indexing
In addition, Yk in the hash function is determined by the subframe index of the control region. However, for NB-IoT, the control region may span across multiple subframes. Which subframe index within the control region will be used to determine Yk needs clear definition. For simplicity, using the starting subframe index of the control region to determine Yk can be considered.
Proposal 2: Consider the following points for the NB-IoT search space design.
· Before determining the support of common search space, we should firstly discuss the mechanism for Paging and RACH.
· Limit a subset of subframes for NB-PDCCH monitoring.
· Index the (E)CCEs of multiple subframes in ascending order in time domain.
· Define which subframe index to be used for search space equation. .
2.3. DCI
For eMTC, different DCI formats for different coverage enhancement modes are defined. For NB-IoT, similar principle would be reused for efficient transmissions. On that basis, some further enhancement is possible. For example, the resource allocation can be optimized to support sub-PRB resource allocation or PRB resource allocation across multiple subframes. The HARQ process number field can be compressed with the reduction of the supported parallel HARQ processes. Since the 16-bit CRC occupy a large ratio of resource, shortening the CRC sequence can be considered as well.  

Proposal 3: Further investigate the DCI design for NB-IoT
3. Conclusion
In this contribution, we discussed the NB-PDCCH related aspects including the NB-PDCCH construction, search space design and DCI. Based on the discussion, our proposals are summarized as follows
Proposal 1 : Consider the following points for the NB-PDCCH construction.
· Further investigate which design is more appropriate for NB-PDCCH, PDCCH-based design or E-PDCCH-based design.
· Support mapping the control region of NB-PDCCH across multiple subframes.
· Construct (E) CCEs by using (E)REGs from the same subframe.
· Apply TDM manner to multiplex NB-PDCCHs of different coverage enhancement level over 180 kHz.
Proposal 2: Consider the following points for the NB-IoT search space design.

· Before determining the support of common search space , we should firstly discuss the mechanism for Paging and RACH.
· Limit a subset of subframes for NB-PDCCH monitoring.
· Index the (E)CCEs of multiple subframes in ascending order in time domain.
· Define which subframe index to be used for search space equation.
Proposal 3: Further investigate the DCI design for NB-IoT
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