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1 Introduction

In RAN#69, a WI on NarrowBand Internet of Things (NB-IoT) [1] has been approved. According to the WID, NB-IoT should support 3 different modes of operation, stand-alone operation, guard band operation, and in-band operation. 
In the last meeting, it was agreed to support NB-PDCCH which is a physical downlink control channel for NB-IoT as follows [2].

	Agreements:

· NB-IoT supports a physical downlink control channel, NB-PDCCH

· NB-IoT supports a physical downlink shared channel, NB-PDSCH

Note that this does not imply anything about the design of these channels 

Note that final naming of the channels is up to the specification editors. 


This contribution, we provide our views on NB-PDCCH design details.
2 NB-PDCCH resources
2.1 Multiplexing of NB-PDCCH and other channels
To transmit multiple NB-PDCCHs simultaneously for different target MCLs or same target MCL, multiplexing of NB-PDCCHs within a narrowband can be considered. Also, multiplexing of NB-PDCCH and NB-PDSCH is also worth to consider for flexible resource utilization. 

Possible multiplexing methods of multiple NB-PDCCHs are listed below and some examples are illustrated in Figure 1.
· Option 1: Multiplexing using different ECCE resources
· Option 2: Multiplexing using different CCE resources

· Option 3: Multiplexing using different subcarrier resources (FDM)

· Option 4: Multiplexing using different slot/subframe resources (Interleaved TDM)

· Option 5. No simultaneous transmission (TDM)
Since legacy PDCCH/EPDCCH is multiplexed using different CCE/ECCE resources, reusing this concept to multiplex NB-PDCCHs can be considered. If we assume that SFBC transmission scheme is used for NB-PDCCH, applying ECCE structure seems not appropriate. Since a part of REs constructing an ECCE can be used for RS transmission, a SFBC pair can be allocated in two REs with large gap and it can degrade performance. To solve this problem, some specification impacts are expected. For another approach, defining legacy CCE within a subframe, and multiplex NB-PDCCHs using different CCE resources can be considered as shown in Figure 1.(a). However, we don’t see any strong reason to use these complicated structure for NB-PDCCH. 
Instead, for simple approaches of multiplexing NB-PDCCHs, FDM (Option 3) or TDM (Option 4/5) can be considered. 
In Option 3 and 4, simultaneous transmission of NB-PDCCH and NB-PDCCH/NB-PDSCH could be supported. If we consider simultaneous transmission of NB-PDCCH and PDSCH, these options can be discussed which use a part of resources during NB-PDCCH transmission. In Option 3, FDM between NB-PDCCH and NB-PDCCH/NB-PDSCH can be realized implicitly by transmitting NB-PDCCH and NB-PDSCH in a part of subcarrier resources. In case of Option 4, NB-PDCCH and NB-PDCCH/NB-PDSCH can be transmitted simultaneously using interleaved subframes structure, and it would require some specification works. 

In Option 5, NB-PDCCH and NB-PDCCH/NB-PDSCH transmission can be TDMed. However, an NB-PDCCH can be transmitted when the narrowband is not occupied by another NB-PDCCH or NB-PDSCH transmission. Therefore, this option can reduce time spending to receive NB-PDCCH, but simultaneous transmission of NB-PDCCH and NB-PDCCH/NB-PDSCH within a narrowband is also not allowed.
In our view, for multiplexing between NB-PDCCH and NB-PDCCH/NB-PDSCH, NB-PDCCH transmission using only a part of resources within a subframe can be considered to reduce resource waste and support scheduling flexibility (i.e., Option 3/4). However, in case of NB-PDCCH transmission with large repetitions (e.g., 164dB target MCL), it could be important to utilize all resources during NB-PDCCH transmission to reduce NB-PDCCH reception time and UE power consumption (i.e., Option 5). So, in case of large repetitions, NB-PDCCH transmission can be restricted to use all available resources.
Proposal 1: It is desirable to consider NB-PDCCH transmission using a part of resources within a subframe.
Proposal 2: In case of NB-PDCCH transmission with large repetitions, it can be considered to transmit NB-PDCCH using consecutive subframes and utilizes all resources within a subframe.
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Figure 1. Examples of NB-PDCCH multiplexing

2.2 Aggregation levels

As mentioned in previous section, in our view, multiplexing and scheduling flexibility could be more important than reducing time spending to receive an NB-PDCCH at least for UEs in relatively good coverages. Then, for example, 6 subcarriers or 1 slot can be defined as CCE for NB-PDCCH, and a UE can monitor one or two ALs.

For NB-PDCCH with large repetitions, all resources during NB-PDCCH transmission can be used to transmit NB-PDCCH.  In this case, only one AL (aggregation level) which uses all resources within a subframe can be supported or the concept of AL might not be used.

Proposal 3: NB-PDCCH with no/small repetitions can support one or two ALs. NB-PDCCH with large repetitions can support only one AL. 
2.3 Repetition numbers

Depending on the target MCL value, the amount of resources to transmit NB-PDCCH becomes different. Even for a target MCL, the required resources would be varied according to channel fluctuation and the amount of power boosting, etc. Therefore, applying different repetition numbers for NB-PDCCH depending on the target MCL and channel environment is considerable. Then, it is considerable to reuse repetitions number configuration method in Rel-13 MTC. In Rel-13 MTC, a set of repetition numbers which can be used for M-PDCCH transmission is determined by RRC UE-specifically and M-PDCCH is transmitted using a repetition number within the set. 
Proposal 4: UE monitors multiple repetition numbers for NB-PDCCH. A set of repetition numbers for NB-PDCCH monitoring is configured by RRC UE-specifically.
2.4 Starting subframe of NB-PDCCH
Starting subframe of NB-PDCCH also can follow the principle of Rel-13 MTC M-PDCCH. Possible starting subframe of NB-PDCCH can be restricted to reduce UE decoding complexity. In addition, to maximize NB-PDCCH scheduling opportunity, NB-PDCCH transmission can start every R subframes where R is the repetition number of the NB-PDCCH as shown in Figure 2.
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Figure 2. Starting subframe of NB-PDCCH depending on repetition numbers
Proposal 5: NB-PDCCH with repetition number R can start transmission every R subframes.

3 Valid subframe for NB-IoT

In Rel-13 MTC, a set of valid subframes for MTC downlink/uplink transmission is introduced to restrict subframes utilized for MTC UEs. It makes a UE not receive downlink channels in MBSFN subframes for PMCH transmission, or assures resources for scheduling data for legacy UEs without high latency. With the same purpose, it is considerable to reuse the concept of valid subframe at least for in-band NB-IoT operation. 
Proposal 6: A set of valid subframes is configured at least for in-band NB-IoT.

4 NB-PDCCH common search space

Another topic to be discussion for NB-PDCCH is whether and how to design common search space. In Rel-13 MTC, CSS for paging and RAR (including Msg 3/4) are introduced. Also, CSS for TPC and fallback is introduced only for CE Mode A. In our view, CSS needs to be defined at least for paging and RAR. However, when we assume that NB-IoT targets high coverage enhancement and low mobility, CSS for TPC/fallback seems not necessary similar to Rel-13 MTC CE Mode B. If necessary, TPC by DCI 3/3A can be replaced by TPC by RRC.
Proposal 7: NB-PDCCH CSS is introduced at least for RAR and Paging.

5 Conclusion 

In this contribution, we discussed NB-PDCCH design for NB-IoT. Based on discussion, we obtained following proposals.
Proposal 1: It is desirable to consider NB-PDCCH transmission using a part of resources within a subframe.

Proposal 2: In case of NB-PDCCH transmission with large repetitions, it can be considered to transmit NB-PDCCH using consecutive subframes and utilizes all resources within a subframe.

Proposal 3: NB-PDCCH with no/small repetitions can support one or two ALs. NB-PDCCH with large repetitions can support only one AL. 
Proposal 4: UE monitors multiple repetition numbers for NB-PDCCH. A set of repetition numbers for NB-PDCCH monitoring is configured by RRC UE-specifically.

Proposal 5: NB-PDCCH with repetition number R can start transmission every R subframes.

Proposal 6: A set of valid subframes is configured at least for in-band NB-IoT.

Proposal 7: NB-PDCCH CSS is introduced at least for RAR and Paging.
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