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1. Introduction 
In RAN1#83 [1] we agreed the following on NB-IoT:

· NB-IoT supports a physical downlink control channel, NB-PDCCH
This contribution discusses some design aspect of NB-PDCCH particularly the search space, repetition for coverage enhancement, timing and RS.
2. Discussion
We assumed that NB-PDCCH would be similar to MPDCCH where the search space occupies all or part of the narrowband frequency resources across all OFDM symbols in the PRB except for those symbols in the legacy control region (PCFICH, PHICH & PDCCH).  In legacy LTE system the EPDCCH search space can occupy 2, 4 or 8 PRBs whilst for Rel-13 eMTC, the MPDCCH can occupy 2, 4 or 6 (2+4) PRBs and these enable EPDCCH/MPDCCH to be transmitted at high Aggregation Levels (AL) to reach cell edge UEs.  In NB-IoT, only a single PRB is available which limit the NB-PDCCH’s AL to at most 4.  However, it is possible to extend the NB-PDCCH search space in time, i.e. occupying several subframes to provide the resources equivalent to at least 2 and 4 PRBs.  For example, if 1 PRB is used for NB-PDCCH, the search space can be extended to 2 and 4 subframes to give the resources equivalent to 2 and 4 PRBs respectively.  The time resources for NB-PDCCH search space should provide at least the equivalent of 2 and 4 PRBs, whether we should have an equivalent of 1, 6 or 8 PRBs can be FFS.  The subframes forming the NB-PDCCH search space cover contiguous valid subframes.  Invalid subframes shall be postponed (similar to Rel-13 eMTC repetitive case).
Proposal 1: The NB-PDCCH search space is extended in time to cover the resources equivalent to at least 2 and 4 PRBs.
Proposal 2: The time resources for an NB-PDCCH search space spans contiguous valid subframes.  Invalid subframes are postponed.
In Rel-13 eMTC, MPDCCH can occupy part of a narrowband (e.g. 2 or 4 PRBs) or the entire narrowband (6 PRBs).  Allowing MPDCCH to occupy part of the narrowband enables FDM of other channels e.g. PDSCH within the narrowband.  FDM of NB-PDCCH with PDSCH or another NB-PDCCH (for different coverage level) is possible if the NB-PDCCH search space occupies less than 1 PRB, e.g. several subcarriers.  This enable different coverage level to occupy different portion of the NB-IoT narrowband as shown in an example in Figure 1, such that a large repetition of NB-PDCCH and NB-PDSCH for a large CE level would not cause excessive delay to UEs using small number of repetitions.  The multiplexing of channels of different coverage is of course up to eNB scheduler.
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Repetition of NB-PDCCH for coverage enhancement can be performed by repeating the entire search space in time.  
Proposal 3: NB-PDCCH can occupy part of the NB-IoT band (i.e. less than 1 PRB) and can be FDMed with other channels in the same or different coverage levels.

Repetition of NB-PDCCH for coverage enhancement can be performed by repeating the entire search space in time.  That is if the NB-PDCCH search space spans 4 subframes and 1 PRB, then these 4 subframes are repeated as shown in Figure 2.  Here NB-PDCCH without coverage enhancement would span 4 subframes containing 16 CCEs {CCE 0, CCE 1, …, CCE 15} and the basic NB-PDCCH search space is repeated.
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Proposal 4: For Coverage Enhancement, the basic NB-PDCCH search space (i.e. search space as if without coverage enhancement) is repeated.

Localized EPDCCH transmission relies on reliable CSI feedback to enable frequency selective scheduling of the EPDCCH.  CSI feedback may not be available for NB-IoT and so it is difficult to utilize any frequency selective gain from NB-PDCCH localized transmission.  Distributed transmission spreads the CCE across frequency resources to utilize frequency diversity.  Although it is unlikely to obtain significant frequency diversity gain from distributed transmission within 1 PRB in NB-IoT, it may be possible to achieve some time diversity gain if the REG of a CCE is spread across the NB-PDCCH search space in time.  We do not see any significant difference in using localized transmission or distributed transmission for NB-PDCCH there isn’t any benefit in supporting both NB-PDCCH transmission methods.  Since it may be possible to obtain some time diversity gain in distributed transmission, we have a slight preference for NB-PDCCH to use only distributed transmission.
Proposal 5: NB-PDCCH is transmitted using distributed transmission only.

In the email discussion, interleaving of a repetitive NB-PDCCH was proposed, i.e., the repetition of NB-PDCCH contains gaps where other channels such as NB-PDSCH or NB-PDCCH of another search space can be transmitted.  It is argued that such interleaving benefit from time diversity gain and allows the eNB to manage blocking, i.e. by avoiding a long repetition of NB-PDCCH to hog up the resources.  For long NB-PDCCH repetition, time diversity may already exists and for shorter repetition, it is better to complete the repetition faster to avoid delay.  In terms of managing blocking, this can be handled by having different AL similar to that in Rel-13 eMTC or FDM NB-PDCCH search spaces of different coverage levels.

Proposal 6: Interleaving of NB-PDCCH repetition is not introduced in NB-IoT.

The timing relationship between NB-PDSCH and NB-PDCCH, and NB-PUSCH and NB-PDCCH can follow those in Rel-13 eMTC, that is, if NB-PDCCH ends at subframe n, NB-PDSCH starts at subframe n+k and NB-PUSCH starts at subframe n+j.  Possible values are k=2 and j=4, however we are open for other possible values.

Proposal 7: If NB-PDCCH ends at subframe n:
· NB-PDSCH starts at subframe n+k
· NB-PUSCH starts at subframe n+j
· Values for k and j are FFS

DMRS is used in EPDCCH and MPDCCH which allows for beamforming and random precoding.  In our companion paper [2] we concluded that there isn’t any significant difference in performance in using CRS or DMRS in narrowband operation.  Since CRS is already available and SFBC can be used, we do not see much benefit in wasting additional RE by introducing DMRS for NB-PDCCH.  Therefore, NB-PDCCH shall use only CRS for channel estimation and decoding.

Proposal 8: CRS is used for channel estimation and decoding of NB-PDCCH.

3. Conclusion

In this contribution we discuss some design aspect for NB-PDCCH and we propose the following:
Proposal 1: The NB-PDCCH search space is extended in time to cover the resources equivalent to at least 2 and 4 PRBs.

Proposal 2: The time resources for an NB-PDCCH search space spans contiguous valid subframes.  Invalid subframes are postponed.
Proposal 3: NB-PDCCH can occupy part of the NB-IoT band (i.e. less than 1 PRB) and can be FDMed with other channels in the same or different coverage levels.
Proposal 4: For Coverage Enhancement, the basic NB-PDCCH search space (i.e. search space as if without coverage enhancement) is repeated.
Proposal 5: NB-PDCCH is transmitted using distributed transmission only.
Proposal 6: Interleaving of NB-PDCCH repetition is not introduced in NB-IoT.
Proposal 7: If NB-PDCCH ends at subframe n:

· NB-PDSCH starts at subframe n+k
· NB-PUSCH starts at subframe n+j
· Values for k and j are FFS

Proposal 8: CRS is used for channel estimation and decoding of NB-PDCCH.
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Figure � SEQ Figure \* ARABIC �1�: FDM of different coverage level within NB-IoT band





Figure � SEQ Figure \* ARABIC �2�: Repetition of NB-PDCCH
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