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1 Introduction

At the RAN1 ad-hoc meeting on NB-IoT, the following was agreed for NB-PDCCH [1]:

· 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
On the topic of DL multiplexing, the following was agreed [1]:
· 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
In this contribution, we share our views on some of the details of search space design for NB-PDCCH. Our views on the remaining details of physical layer processing for NB-PDCCH are presented in [2], while we present some solutions on the general topic of DL multiplexing via TDM in [3].
2 NB-PDCCH Search Space: CSS and USS
Although SI messages are transmitted without dynamic scheduling, separate instances of CSS may be needed for the scheduling of paging and RAR messages, unless these messages are agreed to be transmitted directly on NB-PDSCH without dynamic scheduling. If CSS is introduced, then such a design can follow the Rel-13 eMTC approach, wherein separate instances of CSS are configured for scheduling of paging (CSS-paging) and for scheduling of RAR (CSS-RAR). Furthermore, the same CSS-RAR configuration can be used as the SS for indicating retransmission of Msg3 (Msg3 reTx) and for Msg4 scheduling.
Needless to say, at least the UE-specific search space (USS) would be defined. 

Given the single PRB constraint w.r.t. the NB-IoT system BW and the fact that only up to 2 NB-CCEs can be multiplexed in a PRB-pair, it is quite reasonable to expect that CSS-paging or CSS-RAR and USS would be multiplexed in time. Hence, automatically we preclude the scenario wherein a UE is expected to monitor CSS and USS simultaneously. Also, in view of avoiding complex UE behavior, a UE should not be required to monitor any CSS when in CONNECTED mode, e.g., for group scheduling/TPC/HARQ-ACK or for fall-back. Any fall-back or RRC reconfiguration of the USS may be realized via CONNECTION reestablishment rather via CSS monitoring. 
Proposal 1:

· CSS, if introduced, is only supported for monitoring of paging scheduling and/or monitoring of RAR scheduling.
· A UE is not expected to monitor CSS and USS simultaneously.
· A UE is not expected to monitor CSS when in CONNECTED mode.
Similar to the Rel-13 eMTC design, the configuration of CSS-RAR or CSS-paging can be provided by SIB signaling while the configuration of the USS is carried in the RRCConnectionSetup message that be transmitted together with the Msg4 (Contention Resolution Message) or as a separate transmission following Msg4. 

Primarily the configuration includes the information on the time-domain resources possibly including the starting subframe of the SS (described further in the next section) and the bitmap indicating the available subframes for mapping of the NB-PDCCH candidates. For CSS-paging, the starting subframe of the SS can be defined by the paging occasion (PO) itself.
3 Search Space construction for NB-PDCCH
An NB-PDCCH search space (SS) is composed of one or more NB-PDCCH candidates that are defined by the pair (L, R) where ‘L’ corresponds to the aggregation level and ‘R’ corresponds to the repetition level that a UE is expected to monitor for transmission of NB-PDCCH.
Considering that the DCI size is not expected to be beyond 30-40 bits, even with addition of 16 bit CRC, it should always be possible to easily accommodate a DCI within a PRB-pair (2 NB-CCEs) such that the effective code-rate is no more than the mother code rate of 1/3. Since rate-matching beyond the mother code rate employs repetition code, there would be no need to define aggregation levels that go beyond a single subframe. 
Consequently, the maximum aggregation level supported for NB-PDCCH is 2.

In order to simplify UE implementation and facilitate easier monitoring of and simpler design of the NB-PDCCH search space, it can also be considered to always fix the aggregation level for NB-PDCCH to 2. However, even if AL = 1 is supported, only UEs in good coverage using a small number of repetitions may require to monitor candidates using AL = 1. For UEs in extended or extreme coverage conditions, AL should always be fixed to 2. Additionally, for CSS-paging, AL=2 is always used.

Proposal 2:

· The maximum aggregation level supported for NB-PDCCH is 2.
· To simplify UE implementation and easier search space design, the aggregation level for NB-PDCCH may be fixed to 2.

Different NB-PDCCH repetition levels can be used to constitute a UE’s NB-PDCCH SS. To provide scheduling flexibility, it may be allowed that for NB-PDCCH candidates with medium-large number of repetitions, an NB-PDCCH candidate with smaller RL can start in a subframe that occurs within the span of an NB-PDCCH candidates with higher repetitions. 

Proposal 3:

· It may be allowed that for NB-PDCCH candidates with medium-large number of repetitions, an NB-PDCCH candidate with smaller RL can start within the extent of another NB-PDCCH candidate with larger repetition level.
Regarding NB-CCE starting indices for NB-PDCCH candidates, for both USS and CSS, if NB-PDCCH with AL=1 is supported, the UE may assume that the same NB-CCE starting index of an NB-PDCCH candidate corresponding to the first subframe is maintained for remaining repetitions of the NB-PDCCH. Note that for NB-PDCCH with AL=2, this would be automatically realized since a subframe accommodates only up to two NB-CCEs.
In our companion contribution [3], we presented our views on DL multiplexing via TDM realized via UE-specific configuration of the bitmap indicating the UE-specific available DL subframes. Accordingly, for USS, the subframes corresponding to the different repetitions of an NB-PDCCH candidate would be mapped only to the UE-specific available subframes, thereby allowing the eNB to efficiently multiplex different UEs. 
Dedicated RRC signaling is used to configure the starting subframe of the USS in terms of the radio frame number and subframe number. This can be provided to the UE as part of the USS configuration. Similar to the design adopted in Rel-13 eMTC, the period of the starting subframe for the USS can be longer than the maximum repetition level (R_max) to be monitored for an NB-PDCCH candidate in the USS. To facilitate UE power consumption reduction (w/o needing any additional alignment with DRX), only a single instance of a USS may occur after the USS starting subframe. Alternatively, multiple instances of USS may occur until next occurrence of starting subframe for USS to provide additional scheduling opportunities.
In order to support discontinuous time-domain resource mapping at the subframe-level, SIB signaling can be used to indicate in a cell-specific manner, the available subframes for CSS-paging, CSS-RAR/SS-Msg3 reTx/Msg4 scheduling via separate bitmaps, or, even a single common bitmap may be configured for all supported CSS instances. Considering that NB-PDCCH scheduling paging messages or RAR message corresponding to UEs in extreme coverage may require large number of repetitions, such a design employing discontinuous time-domain resource mapping is essential to enable the eNB to schedule RAR/paging messages such that they don’t block other unicast scheduling opportunities.
Proposal 4:

· Dedicated RRC signaling is used to configure the starting subframe of the USS in terms of the radio frame number and subframe number.
4 Conclusions

In this contribution, we presented our views on some of the details of search space design for NB-PDCCH. Our views are summarized via the following proposals:

Proposal 1:

· CSS, if introduced, is only supported for monitoring of paging scheduling and/or monitoring of RAR scheduling.
· A UE is not expected to monitor CSS and USS simultaneously.
· A UE is not expected to monitor CSS when in CONNECTED mode.
Proposal 2:

· The maximum aggregation level supported for NB-PDCCH is 2.
· To simplify UE implementation and easier search space design, the aggregation level for NB-PDCCH may be fixed to 2.

Proposal 3:

· It may be allowed that for NB-PDCCH candidates with medium-large number of repetitions, an NB-PDCCH candidate with smaller RL can start within the extent of another NB-PDCCH candidate with larger repetition level.
Proposal 4:

· Dedicated RRC signaling is used to configure the starting subframe of the USS in terms of the radio frame number and subframe number.
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