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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This document discusses NB-PDCCH design.

Discussion
Time domain conversion of PRB-set
In order to reuse EPDCCH/M-PDCCH design as much as possible, we propose to use time domain conversion of PRB-set of EPDCCH/M-PDCCH shown below. By such time domain conversion, the way of the design method in search space, eREG, eCCE so on can be reused. 
In the Fig 1, 8 PRB-set case is described but what PRB-set is used before time domain conversion need further discussion. If basic unit of the time granularity is a radio frame (10 subframes), 10 PRB-set is designed is one approach. The other approach is to realize it by 8+2 PRB-set. This is similar to eMTC search space is realized by 4+2 PRB-set.


Fig.1 Time domain conversion of PRB-set
If more repetitions are required than the number of PRB-set, multiple time domain conversion can be also applied as shown figure 2.



Fig.2 Time domain conversion of PRB-set using 8 PRB-set case

Proposal 1: Consider to realize NB-PDCCH resource usage based on time domain conversion. PRB-set size and the number of PRB-set are FFS.

eREG and SFBC
Working assumption on the transmission scheme for operation with 2 DL Tx antenna ports is SFBC. In lower coding rate, SFBC has better performance than random beam forming. To have the same transmission scheme between NB-PDCCH and NB-PDSCH would reduce the complexity of the channel estimation. Therefore, we discuss how to realize SFBC in NB-PDCCH.
In EPDCCH and MPDCCH, 16 EREGs, numbered from 0 to 15, are used for the mapping. As the mapping method, number of EREGs are indexed as all resource elements, except resource elements carrying DM-RS for antenna ports in a physical resource-block pair cyclically from 0 to 15 in an increasing order of first frequency, then time. This is shown in Figure 3 left side.
In order to support SFBC, the index of EREGs needs to be paired. If two paired REs needs to be closed REs, this is expressed in Figure 3 right side. On the other hand, as NB-IOT is targeting stationary condition, to have SFBC pair with a bit separate position of REs can be also sufficient. In such case, no need of the modification of eREG mapping. In the figure, RE used for DMRS is reserved but if we solely to use CRS, it is not necessary. Note that RE used for CRS is punctured in EPDCCH/MPDCCH.
In case of no CSI-RS configuration, there is always SFBC pair. On the other hand, in case of CSI-RS is used, orphan symbol needs to be addressed. Such orphan symbol handling is simpler when random beam forming, where EPDCCH/MPDCCH is used is reused.



Fig.3 Paired mapping of eREG

Proposal 2: Consider to whether eREG mapping modification is required or not for SFBC realization of NB-PDCCH. If orphan symbol handling gets complicated, to consider random beam forming is also one possibility for NB-PDCCH.


Conclusion
We propose following.
Proposal 1: Consider to realize NB-PDCCH resource usage based on time domain conversion. PRB-set size and the number of PRB-set are FFS.
Proposal 2: Consider to whether eREG mapping modification is required or not for SFBC realization of NB-PDCCH. If orphan symbol handling gets complicated, to consider random beam forming is also one possibility for NB-PDCCH.
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