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1 Introduction
In RAN#69 meeting, a new work item ‘NarrowBand Internet of Things, NB-IOT’ is approved [1]. The WID was revised in RAN#70 [2] whereas the descriptions about downlink are described as follows:
· OFDMA on the downlink

· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 

Further, it was noted in RAN1#83 chairman notes:
· NB-IoT supports a physical downlink control channel, NB-PDCCH

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

Companies are encouraged to consider details of downlink control channel and scheduling design for the Jan adhoc meeting. 

In this contribution, we’d like to share our view on design principle for NB-PDCCH and some details about our proposals.
2 Design principle for NB-PDCCH
It is expected the NB-IoT device is targeted for ultra-low cost. Therefore supporting multiple transmission schemes is not preferred in this system. Considering the in-band operation, LTE CRS will be always transmitted. It is rationale to reuse CRS as the demodulation phase reference after the NB-IoT PRB index is known by system information acquisition. 
Proposal #1: Adopt CRS as the phase reference for NB-PDCCH demodulation.
Further, we’d like to confirm the working assumption made in RAN1#83 that:

· For operation with 2 DL tx antenna ports, NB-IoT uses SFBC
To not increase additional complexity for UE’s channel estimation, we also prefer to support up to 2 TX antenna ports, which leads to the following proposal:
Proposal #2: The transmission scheme of NB-PDCCH is SFBC with up to 2TX antenna ports.
More descriptions on transmission scheme and reference signals can be found in our companion contribution [3].
3 NB-PDCCH design
Based on the principles described in Sec.2, we will demonstrate the detailed designs for NB-PDCCH in this section. 
3.1 NREG/NCCE definition and resource mapping
Since LTE Rel-8 the concept of resource element group (REG) and control channel element (CCE) have been introduced for defining control channels. As we proposed for the transmission scheme of NB-PDCCH with SFBC, the EREG and ECCE definition used for EPDCCH and MPDCCH are not applicable here. On the other hand, the legacy REG definition for PDCCH is derived by considering SFBC with up to 4 TX antenna ports, which is also not well fit in the target transmission scheme of NB-IoT. In this regard, we think introducing new REG and CCE definition is necessary for NB-PDCCH design.
Proposal #3: Define NREG (Narrowband-IoT REG) and NCCE (Narrowband-IoT CCE) as the resource allocation unit of NB-PDCCH
If Proposal #2 is agreed, it is straightforward to define an NREG as two adjacent REs which are paired for SFBC transmission with 2 TX antennas. 
Proposal #4: Define one NREG as the adjacent two REs paired for SFBC transmission. 
CCE is the resource allocation unit for the control channels in LTE. For PDCCH and EPDCCH, one CCE is designed to consist of 36 REs in general. This defines the highest code rate that can be successfully decoded with proper BLER requirement. Though the MPDCCH design reuses the EREG/ECCE definition, the lowest aggregation level has been agreed as 2 in eMTC search space design. This implies it needs at least 72 REs for an MPDCCH to achieve the target decoding performance. Though the DCI size of NB-PDCCH may be expected to be smaller than that in eMTC, considering its more stringent coverage requirement we prefer to define the size of NCCE in the order of half PRB. 
Proposal #5: Define the size of 1 NCCE as 1/2 PRB. 
In Rel-11 EPDCCH, both localized and distributed EREG to ECCE mapping are defined. The purpose of distributed allocation is the gain from frequency diversity. In NB-IoT, however, only one PRB is monitored by the UE for control channel detection. The only way to distribute the REG of a CCE to different PRB is in time domain. Considering the low mobility applications targeted by the NB-IoT, we can envision the diversity gain of distributed allocation is insignificant. On the other hand, the localized mapping is simpler and more straightforward. In this regard, we prefer to support only localized NREG to NCCE mapping for NB-PDCCH. 
Proposal #6: Consider only localized NREG to NCCE mapping applied in NB-IOT. 
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Figure 1: NCCE definition in (a) stand-alone or guard-band mode; (b) in-band mode with 2 TX antenna ports; and (c) in-band mode with 4 TX antenna ports
Fig.1 illustrates the NCCE mapping for stand-alone/guard-band and in-band operating modes with 2/4 TX antenna ports respectively. Due to the occupancy by CRS and LTE PDCCH region, the number of available NREGs within one NCCE may vary for different operating modes.
3.2 NB-PDCCH format
Similar to PDCCH and EPDCCH, we may define different aggregation levels (number of NCCE of a NB-PDCCH) to guarantee the performance of control channel decoding for the UEs with different link quality. In Table I we define four NB-PDCCH formats with aggregation level from 1 to 8. 
Table I: NB-PDCCH format
	NB-PDCCH format
	NCCE # per NB-PDCCH
(Aggregation Level, AL)
	Number of REs per NB-PDCCH

	
	
	Stand-alone mode or guard-band mode
	In-band mode with 2 CRS APs

(PDCCH region, L=3)
	In-band mode with 4 CRS APs(PDCCH region, L=3)

	0
	1
	76
	60
	58

	1
	2
	152
	120
	116

	2
	4
	304
	240
	232

	3
	8
	608
	480
	464


From the UE’s NB-PDCCH blind decoding point of view, the maximum aggregation level will define the buffer requirement to store the received signals of NB-PDCCH subframes. In that sense, we think NB-IoT UE should at least require less storage than eMTC. Therefore it is preferred that the maximum AL should not larger than 8, which will occupy 4 subframes to convey one NB-PDCCH. Fig.2 shows the mapping between NCCE to NB-PDCCH for different aggregation level.
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Figure 2: Illustration of mapping between NCCE and NB-PDCCH
Proposal #7: The maximum TTI for NB-PDCCH should not be larger than 4ms.
3.3 Search space design
 As described in our companion paper [4], we define a scheduling window which consists of NB-PDCCH region and NB-PDSCH region, as Fig.3 shows. Similar to the design in EPDCCH or MPDCCH, a UE will be semi-statically configured with nPRB resource blocks for NB-PDCCH blind decoding within the scheduling window. nPRB also defines the TTI length for a UE to monitor for NB-PDCCH. To support extended coverage in NB-IoT, repetition should be further introduced for NB-PDCCH as well. The NB-PDCCH repetition will occur at the same position across different scheduling windows.
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Figure 3: MUX between NB-PDCCH and NB-PDSCH
The search space design can be therefore defined similarly to eMTC by the set of {AL,R,C}; where AL is the aggregation level, R represents the number of NB-PDCCH TTI repetitions, and C is the corresponding number of NB-PDCCH candidates.

For example, if the UE is configured by nPRB = 4 and the search space is defined by:

{1,R1,1}{2,R1,1}{4,R1,1}{8,R1,1}
{1,R2,1}{2,R2,1}{4,R2,1}{8,R2,1}
{1,R3,1}{2,R3,1}{4,R3,1}{8,R3,1}
{1,R4,1}{2,R4,1}{4,R4,1}{8,R4,1}

the corresponding UE processing for NB-PDCCH blind decoding can be demonstrated as Fig.4. The UE’s behavior for blind decoding may be similar to that in eMBC. However, the number of blind decoding should be designed as not larger that in eMTC. 
Proposal #8: The number of blind decoding of NB-PDCCH in NB-IoT should not be larger than that of MPDCCH in eMTC.
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Figure 4: An example of UE processing for NB-PDCCH blind decoding
Within one scheduling window, for example, with 20ms length, it is proposed that the size of NB-PDCCH can be configured by the eNB depending on the network loading. At the UE side, however, the maximum subframe numbers within the scheduling window is limited by, for example, 4 subframes to avoid increasing complexity, as our Proposal#7. In this regard, we can design multiple NB-PDCCH groups which are dedicated for different UE’s monitoring. Fig.5 gives an example about how the NB-PDCCH and NB-PDSCH can be allocated within a scheduling window with different eNB configurations. The major advantage is that the network can dynamically adjust the ratio between the NB-PDCCH and NB-PDSCH depending on system loading and UE’s traffic type. The eNB can also perform load-balancing among UEs to monitor different NB-PDCCH groups. Furthermore, supporting multiple groups can also avoid NB-PDCCH blocking due to some extreme coverage UEs.
The assignment of UEs to monitor different NB-PDCCH groups can be based on some predefined rule, for example, based on UE’s RNTI. We can also use the signaling by the NB-PDCCH allocated in common search space to designate a UE to monitor certain NB-PDCCH subframes. This can be left for further study.
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Figure 5: NB-PDCCH grouping with different configurations
Proposal #9: The size of NB-PDCCH region within a scheduling window can be configured by eNB.

Proposal#10: More than 1 NB-PDCCH group within the NB-PDCCH region is supported

· How to assign the UEs to monitor which NB-PDCCH group is FFS

4 Conclusion
This T-doc describes the details of downlink control channel design for NB-IoT. The corresponding proposals are summarized as follows:
Proposal #1: Adopt CRS as the phase reference for NB-PDCCH demodulation.
Proposal #2: The transmission scheme of NB-PDCCH is SFBC with up to 2TX antenna ports.
Proposal #3: Define NREG (Narrowband-IoT REG) and NCCE (Narrowband-IoT CCE) as the resource allocation unit of NB-PDCCH

Proposal #4: Define one NREG as the adjacent two REs paired for SFBC transmission. 

Proposal #5: Define the size of 1 NCCE as 1/2 PRB. 
Proposal #6: Consider only localized NREG to NCCE mapping applied in NB-IOT. 
Proposal #7: The maximum TTI for NB-PDCCH should not be larger than 4ms.

Proposal #8: The number of blind decoding of NB-PDCCH in NB-IoT should not be larger than that of MPDCCH in eMTC.

Proposal #9: The size of NB-PDCCH region within a scheduling window can be configured by eNB.

Proposal#10: More than 1 NB-PDCCH group within the NB-PDCCH region is supported

· How to assign the UEs to monitor which NB-PDCCH group is FFS
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