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Discussion/Decision
1
Introduction
In RAN1 NB-IoT Ad-hoc meeting, the followings have been agreed for 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

· 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

· 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 discuss on further details of NB-PDCCH.
2
NB-PDCCH design
As a building block for NB-PDCCH design, the definition of NB-CCE in a high level has been agreed in the previous RAN1 NB-IoT Ad-hoc meeting [1], where two NB-CCEs are multiplexed per PRB-pair and FDM of two NB-CCEs within a PRB-pair is used. Since four ECCEs have been defined per PRB-pair in E/M-PDCCH, the available REs of one NB-CCE may be similar to that of two ECCEs.
The lower ECCE aggregation levels (ALs) have been used for high geometry UEs irrespective of the UE capability (e.g. number of Rx, supportable bandwidth) to increase multiplexing capacity as well as reduce the blocking probability of the downlink control channel. Although the NB-IoT UE is a delay tolerant and it doesn’t require a high throughput performance, the high multiplexing capacity and low blocking probability seem to be important to support massive NB-IoT UE connections.    
In addition, since the DCI size (e.g., ~30bits) could be smaller than regular LTE as well as Rel-13 eMTC due to even narrower bandwidth capability, there seems to be a higher chance to use the lower aggregation levels. Therefore, NB-CCE aggregation level 1 (which is equivalent to ECCE aggregation level 2) should be supported as a NB-PDCCH candidate in a search space. 
Proposal-1: support NB-CCE AL one (AL=1) as a NB-PDCCH candidate
Given that the DCI size for NB-IoT is relatively small, the maximum NB-CCE aggregation level may be limited to two since the coding rate would be lower than the mother coding rate of TBCC in most cases and the coverage can be enhanced with repetitions. Furthermore, since the NB-IoT UEs are delay tolerant, the FDM multiplexing of two UEs in NB-PDCCH with repetitions doesn’t seem to be necessary. Therefore, an NB-PDCCH candidate may be defined as aggregation level and repetitions {L, R}, where the AL=1 only has R=1. Therefore, the NB-PDCCH candidate can be one of {1, 1} and {2, R}, where R may be a set of repetition numbers determined based on the maximum repetition number. 
Proposal-2: an NB-PDCCH candidate is one of {1, 1} and {2, R}, where R may be a set of repetition numbers determined based on the maximum repetition number
A window based transmission may be used for NB-PDCCH and NB-PDSCH transmissions. For example, a NB-PDCCH window (i.e., NB-PDCCH search space) and NB-PDSCH window may be configured in a cell-specific manner or a UE-specific manner and the time windows may be determined based on the maximum repetition number configured. Therefore, a UE only monitors NB-PDCCH within a NB-PDCCH window and if the UE is not scheduled in that window, the UE may wait until next NB-PDCCH window to monitor.
Since the NB-PDCCH candidate may be transmitted with simple repetitions, if a UE is in a good coverage, the UE may stop monitoring an NB-PDCCH candidate with a large repetition, which may save UE battery consumption.

Proposal-3: NB-PDCCH search space is defined as a time window which may be determined based on the maximum repetition number for NB-PDCCH configured
A common search space (CSS) has been used for multicast and broadcast signals (e.g., RAR, paging, and SIBs) as it can minimize the downlink control signaling overhead for those channels by sharing the RNTI for multiple UEs. Therefore, it seems to be a straightforward to support the common search space for NB-PDCCH at least for RAR and paging as similar to eMTC.

A UE-specific search space has been defined to reduce the UE blind decoding complexity while increasing the downlink control channel capacity. Considering that reduced UE battery consumption and massive UE connections are necessary for NB-IoT, UE-specific search space (USS) seems to be beneficial for NB-IoT as well. Therefore, both USS and CSS need to be defined for NB-IoT.

Proposal-4: both USS and CSS are used for NB-IoT 

The SIB1 for eMTC (SIB1bis) is transmitted without an associated downlink control channel since the reception of the associated downlink control channel can delay the SIB acquisition time, thus resulting in wasting of UE battery and control channel resources. Without an associated downlink control channel, the SIB1bis transmission is not flexible in terms of time and frequency scheduling, thus inter-cell interference cannot be well randomized. Therefore, time and frequency resource randomization based on physical cell-ID has been used for SIB1bis. The same rule can apply for SIB1 transmission for NB-IoT (NB-SIB1).

Proposal-5: SIB1 for NB-IoT reuses the same design principles of SIB1bis
3
Conclusion
In this contribution, we discussed on considerations on the NB-PDCCH design. From the discussions, we propose followings: 
Proposal-1: support NB-CCE AL one (AL=1) as a NB-PDCCH candidate
Proposal-2: an NB-PDCCH candidate is one of {1, 1} and {2, R}, where R may be a set of repetition numbers determined based on the maximum repetition number
Proposal-3: NB-PDCCH search space is defined as a time window which may be determined based on the maximum repetition number for NB-PDCCH configured
Proposal-4: both USS and CSS are used for NB-IoT 
Proposal-5: SIB1 for NB-IoT reuses the same design principles of SIB1bis
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