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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things, which addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. At RAN1 NB-IoT Adhoc meeting, the following agreements were achieved regarding the NB-PDCCH design [3]. In this contribution, we discuss the remaining details of NB-PDCCH design.

	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 
· 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
· 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


2. Discussions
A. CCE Resource Mapping 
It was agreed that there are 2 CCEs in a PRB pair within one subframe, and one CCE consists of 6 subcarriers per OFDM symbol in a subframe. One CCE may have different amount of available REs, depending on the operation modes, the number of antenna ports, etc., as shown in some examples in Fig. 1. For in-band operation, one PDCCH may occupy a large number of subframes due to the repeated transmission; it is slightly preferred to always keep the first 3 OFDM symbols in a subframe not used by NB-PDCCH. Thus, one CCE may have a minimum number of 50 REs and a maximum number of 80 REs. In addition, to simplify the design, it is preferred that one CCE always occupies the same 6 consecutive subcarriers in a subframe, e.g., the upper 6 consecutive subcarriers or the lower 6 consecutive subcarriers.

Proposal 1: One CCE occupies the same 6 consecutive subcarriers per OFDM symbol in a subframe.
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Fig. 1: CCE resource mapping in different cases
B. Search Space 
In the NB-IoT system, low power consumption is one of the important requirements to the UEs. In legacy LTE system, common search space and UE-specific search space are defined to reduce the number of blind decoding attempts at the UE side. In NB-IoT, the similar approach can be considered. Even though the system information scheduling can be PDCCH-less, it is expected that the common search space is needed at least for RAR response and paging. 
Since there are 2 CCEs per subframe, there can be two CCE aggregation levels, i.e., 1 and 2. The CCEs are repeated during multiple subframes in the time domain. To reduce the UE complexity, it is preferred to support very limited number of CCE repetition levels, e.g., 2 (n and 2n repetitions). Based on the combinations of CCE aggregation levels and repetition levels, a set of PDCCH candidates can be defined in the allocated resources for PDCCH of a certain coverage class. 
Proposal 2: Support both common search space and UE-specific search space in NB-PDCCH.
C. PDCCH Multiplexing
To avoid resource blocking by one long PDCCH transmission, it is natural to consider both FDM/TDM based multiplexing among the UEs in the same coverage class or different coverage classes. With 2 CCEs in a PRB pair, it is possible to multiplex 2 UEs in the frequency domain. Considering further multiplexing among PDCCHs and PDCCH/PDSCH, it is possible to consider both continuous and discontinuous repetitions of a PDCCH in the time domain, as shown in Fig. 2. The number of subframes for continuous repetitions and the interval for discontinuous repetitions can be pre-defined for each coverage class. 
Proposal 3: Support both continuous and discontinuous transmissions for NB-PDCCH.

[image: image2.emf]PDCCH

#0

PDCCH

#0

PDCCH

#1

PDCCH

#1

1

 

P

R

B

 

(

1

8

0

k

H

z

)

PDCCH

#0

PDCCH

#0

PDCCH

#1

PDCCH

#1

PDCCH

#0

PDCCH

#0

PDCCH

#1

PDCCH

#1

...

...

...

...

Continuous 

Repetitions

PDCCH

#2

PDCCH

#2

PDCCH

#3

PDCCH

#3

PDCCH

#2

PDCCH

#2

PDCCH

#3

PDCCH

#3

PDCCH

#2

PDCCH

#2

PDCCH

#3

PDCCH

#3

PDCCH

#2

PDCCH

#2

PDCCH

#3

PDCCH

#3

PDCCH

#0

PDCCH

#0

PDCCH

#1

PDCCH

#1

...

...

...

...

PDCCH

#4

PDCCH

#4

PDCCH

#5

PDCCH

#5

PDCCH

#4

PDCCH

#4

PDCCH

#5

PDCCH

#5

Continuous 

Repetitions

Discontinuous

Repetitions

i i+1 i+2

Logical subframe index

PDSCH

PDSCH

PDSCH

PDSCH

...

...

...

...


Fig. 2: Combination of continuous/discontinuous NB-PDCCH transmissions
3. Conclusions
In this contribution, some considerations of the NB-PDCCH design were discussed. The proposals are as follows:
Proposal 1: One CCE occupies the same 6 consecutive subcarriers per OFDM symbol in a subframe.

Proposal 2: Support both common search space and UE-specific search space in NB-PDCCH.
Proposal 3: Support both continuous and discontinuous transmissions for NB-PDCCH.
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