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In previous NB-IoT Ad-Hoc meeting, significant progresses were made on NB-PDCCH [1].
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 
· Same transmission scheme is applied to NB-PDCCH, NB-PBCH, and NB-PDSCH
· 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
Agreements:
· 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
Agreements:
· 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
NB-CCE mapping 
As agreed in previous meeting, 2 CCEs are defined within one PRB pair. Moreover, one NB-CCE consists of 6 subcarriers per OFDM symbol in a subframe. If interleaved mapping between two NB-CCEs is introduced, marginal frequency or time diversity gain would be expected due to one NB-CCE is only mapped within one RB pair. Moreover, the specification needs significant work to determine the exact interleaved pattern for two NB-CCEs within one PRB pair. Considering limited time for NB-IoT WI and trivial gain for interleaved NB-CCE mapping, it is desirable that one NB-CCE consists of 6 fixed consecutive subcarriers in a subframe. For example, as shown in the Figure below, NB CCE #0 consists of subcarriers #0~#5, and NB CCE #1 consists of subcarriers #6~#11.


Figure 1: NB-CCE mapping
The eNB can inform CSI-RS configuration to NB-IoT UEs. For the REs occupied by CSI-RS, the eNB can rate-match control information transmission around these occupied REs. 
Proposal 1: One NB-CCE consists of REs corresponding to 6 fixed consecutive subcarriers in a subframe.

NB-PDCCH mapping 
Although one NB-PDCCH could be mapped on multiple subframes to support higher aggregation level, the time diversity gain may be limited considering low mobility of NB-IoT UEs. Moreover, the low code rate of control information transmitted within one subframe can be kept due to compact DCI used for NB-IoT. As a result, NB-PDCCH mapped on multiple subframes to support higher aggregation level is similar to NB-PDCCH repetition. 
If one NB-PDCCH is mapped to multiple subframes, a NB-IoT UE has to wait until the final subframe to decode the NB-PDCCH, while a single subframe mapping allows in-place accumulation and thus faster decoding . It should also have some similar performance characteristics to legacy PDCCH.Thus it is preferred that one NB-PDCCH can only be mapped within one subframe, and NB-PDCCH can be repeated within multiple subframes to further improve performance.  
Proposal 2: Each NB-PDCCH repetition is mapped into CCEs within one subframe.
Proposal 3: One NB-PDCCH can be repeated within multiple subframes.
The following figure gives an example to show how one NB-PDCCH is mapped (i.e., rate matching) within one subframe, and the NB-PDCCH can repeat within four subframes. The repeated NB-PDCCH within four subframes constructs one NB-PDCCH candidate.


Figure 2: Illustration of NB-PDCCH mapping and repetition
Further, when one NB-PDCCH is only mapped within one subframe, one or two NB-CCEs can be used for NB-PDCCH mapping. For the case of no NB-PDCCH repetition, the aggregation level can be one or two for NB-PDCCH mapping. For NB-PDCCH repetition, the aggregation level could be always 2 to simplify the standardization work.
Proposal 4: For NB-PDCCH repetition, aggregation level 2 is always assumed.
For normal coverage or extended coverage (144 dB or 154 dB MCL respectively), in view of the repetition number would not be very large, the NB-PDCCH can be transmitted within consecutive (valid) subframes. Moreover, the blocking from NB-PDCCH transmission to other DL channels could be avoidable via eNB’s management.
For extreme coverage, in view of the repetition number would be very large, one NB-PDCCH transmission would block other DL transmission in a longer time. In this case, the NB-PDCCH can be discontinuous transmission to reduce the blocking to other DL transmission. 
As shown in the Figure below, NB-PDCCHs 1~4 are used for normal coverage or extended coverage, which are respectively transmitted within N consecutive subframes. NB-PDCCH 5 is used for extreme coverage, which is repeated in 4 discontinuous blocks (each block consists of N consecutive subframes). N can be the same for all coverage levels to make multiplexing among different coverage class more straightforward.


Figure 2: NB-PDCCH repetition
Proposal 5: For large NB-PDCCH repetition, NB-PDCCH can be discontinuously transmitted.
NB-PDCCHs multiplexing 
In last meeting, it was agreed:
· Different NB-PDCCHs:
· TDM at subframe level for extended and extreme coverage.
· Can be multiplexed in one subframe for normal coverage
· FFS: FDM+TDM
That is, TDM at subframe level is supported for different NB-PDCCHs for extended and extreme coverage. FDM (i.e., NB-CCE level multiplexing) can be supported for normal coverage. As analyzed in section 3, when NB-PDCCH is repeated, two NB-CCEs can be always used, which means TDM is always used for different NB-PDCCHs in repetition. For two NB-PDCCHs each transmitted with one NB-CCE aggregation level, these two NB-PDCCHs can be multiplexed within one subframe.
Proposal 6: Only TDM is supported for different NB-PDCCHs in repetition. FDM is only supported for a NB-PDCCH without repetition.
Conclusions 
In this contribution, further considerations on NB-PDCCH mapping are provided, and the following proposals are given:
Proposal 1: One NB-CCE consists of REs corresponding to 6 fixed consecutive subcarriers in a subframe.
Proposal 2: Each NB-PDCCH repetition is mapped into CCEs within one subframe.
Proposal 3: One NB-PDCCH can be repeated within multiple subframes.
Proposal 4: For NB-PDCCH repetition, aggregation level 2 is always assumed.
Proposal 5: For large NB-PDCCH repetition, NB-PDCCH can be discontinuously transmitted.
Proposal 6: Only TDM is supported for different NB-PDCCHs in repetition. FDM is only supported for a NB-PDCCH without repetition.
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