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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 [1]. NB-IOT should support 3 different modes of operation, i.e., standalone operation, guard-band operation, and in-band operation. In [2], overview of downlink design of NB-IOT is discussed. In this contribution, detailed designs of narrowband physical downlink control channel (N-PDCCH) and narrowband physical downlink shared channel (N-PDSCH) are proposed.
2. Design Principles
2.1. General
As stated in [1], NB-IOT should support 3 different modes of operation:

· ‘Standalone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers.

· ‘Guard-band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band.

· ‘In-band operation’ utilizing resource blocks within a normal LTE carrier.

It is desirable to have commonality in design for different operation modes as much as possible to reduce implementation complexity of devices. An example of downlink frame structure for standalone deployment is shown in Figure 1.
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Figure 1: Example of downlink frame structure for standalone deployment
N-PDCCH carries information of N-PUSCH grants, N-PDSCH assignment, RAR response, paging, and UL ACK/NACK. Four DCI formats are defined for N-PDCCH transmission. N-PDCCHs for N-PUSCH grants, N-PDSCH assignment, RAR response, and paging (i.e., N-PDCCH Type A) are transmitted in 8 frames. The N-PDCCH Type A is transmitted periodically (e.g., every 160 ms). On the other hand, N-PDCCH for UL ACK/NACK transmission (i.e., N-PDCCH Type B) is located between N-PDCCH Type A transmission. The starting point and duration of N-PDCCH Type B can be configured. UEs which did not transmit any N-PUSCH do not need to decode N-PDCCH Type B and can thus reduce the searching complexity.
Proposal 1: N-PDCCH carrying UL ACK/NACK information is located separately from other N-PDCCH.
Each of N-PDCCH and N-PDSCH can occupy a part of subcarriers (e.g., 6 subcarriers among total 12 subcarriers) so that it can be multiplexed in frequency domain. If a downlink physical channel occupies a part of subcarriers, then the transmit power for the physical channel can be boosted to improve the coverage using the transmit power of remaining subcarriers if available.

Proposal 2: Multiple N-PDCCHs can be multiplexed in frequency domain.

Proposal 3: Multiple N-PDSCHs can be multiplexed in frequency domain.

For N-PDCCH, three types of coverage modes, i.e., basic, robust, and extreme coverage mode, corresponding to different coupling loss values, are defined. The resource allocation for each coverage mode in N-PDCCH Type A can be configured. For example, when UEs in basic coverage mode are majority, all resources for N-PDCCH Type A can be allocated to basic coverage mode.
Basically, the DL frame structure are similar to each other for three operation modes, i.e., in-band, guard-band, standalone modes. The major differences are followings:
· [In-band] The first a few OFDM symbols carrying legacy LTE PDCCH/PCFICH/PHICH in each subframe are not used for in-band mode.
· OFDM symbols utilized for legacy LTE PDCCH transmission should be protected.

· The numbers of OFDM symbols carrying legacy LTE PDCCH/PCFICH/PHICH can be predefined and/or notified via system information. 

· [In-band/Guard-band] The transmission time for each N-PDCCH/N-PDSCH for in-band and guard-band mode is larger than that for standalone mode
· Since the power spectral density in downlink is lower for the in-band/guard-band deployment cases as the NB-IOT will share the transmit power with normal LTE, therefore, higher repetition level than that of standalone case is required if the same target coverage is used for three deployment modes.
Regarding transmission scheme, single antenna transmission for standalone mode and transmit diversity (SFBC) scheme for in-band and guard-band mode are assumed. In addition, Convolutional coding scheme, rate matching, and interleaving of legacy LTE design can be re- used for both N-PDCCH and N-PDSCH.

2.2. Reference Signal Structure
In this section, a common reference signal structure for N-PDCCH and N-PDSCH will be explained.

2.2.1. Standalone Deployment
Resource elements mapping of N-CRS for standalone deployment is depicted in Figure 2. CRS mapping of legacy LTE for two antenna case is reused for N-CRS in standalone deployment for achieving commonality.
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Figure 2: RS structure of standalone deployment: single antenna case
Proposal 4: CRS mapping of legacy LTE is reused in standalone deployment.

2.2.2. Guardband Deployment

Resource elements mapping of N-CRS for guard-band deployment is depicted in Figure 3. CRS mapping of legacy LTE is reused for N-CRS in guard-band deployment. Note that the transmit power of N-CRS in guard-band mode can be boosted without affecting legacy CRS in in-band.
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Figure 3: RS structure of guard-band deployment: two transmit antenna case
Proposal 5: CRS mapping of legacy LTE is reused for each antenna port in guard-band deployment, respectively.

2.2.3. In-band Deployment

When power boosting cannot be applied to legacy CRS in in-band case, the performance can largely be degraded due to poor channel estimation performance especially in extreme coverage case. To enhance the performance of channel estimation and data transmission of in-band deployment, additional RS (i.e., N-CRS in Figure 4), can be used. The proposed N-CRS mapping is described in Figure 4.
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Figure 4: RS structure of in-band deployment: two transmit antenna case
Proposal 6: Additional CRS can be used in in-band deployment. The location of the additional CRS is near legacy CRS.
3. Narrowband Downlink Control Channel (N-PDCCH)
3.1. Overview
N-PDCCH carries information of PUSCH grants, PDSCH assignments, RAR response, and paging. Four DCI formats are supported for N-PDCCH.
3.2. DCI Formats
The information in DCI Format 0/1/2/3 is defined in Table 1. Since DCI format 0 and DCI format 1 have the same payload size and transmission scheme, one bit flag for differentiation is needed. A CRC of PDCCH carrying DCI format 2 is masked with specific RNTI, e.g., RA-RNTI, P-RNTI, according to the purpose.
Table 1: DCI Formats
	DCI Format
	Purpose
	Payload (including CRC)
	Contents

	0
	PUSCH grants
	64 bits
	1) Flag for format 0/format 1 differentiation: 1 bit

2) Resource assignment: [16] bits

3) MCS: [5] bits

4) New data indicator: 1 bit

5) Reserved: [21] bits

6) CRC: [20] bits

	1
	PDSCH assignments
	64 bits
	

	2
	PDSCH for specific purposes
	64 bits
	Detailed contents: FFS

	3
	UL ACK/NACK
	32 bits
	1) ACK/NACK bits: [12] bits (for a group of UL packets)

2) CRC: [20] bits


3.3. Search Space
To reduce the UE complexity in searching PDCCH, a UE-specific search space is defined. For transmission of RAR and paging information, a common search space is also defined. It is not excluded that DCI format 0/1 can be transmitted in the common search space. There is no need to define a UE-specific search space for the extreme coverage class, since the number of N-PDCCH is very small.
Proposal 7: For basic and robust coverage classes, common search space and UE-specific search space are used. For extreme coverage class, only common search space is used.
3.4. MCS and Resource Allocation
3.4.1. Standalone Deployment

The resource allocated to the N-PDCCH is divided into three coverage classes corresponding to different coupling loss values. MCS for each coverage class for standalone deployment is proposed in Table 2 and the corresponding required resource is shown in Figure 5.
Table 2: MCS of three coverage modes: standalone deployment
	
	Basic
	Robust
	Extreme

	Coding scheme
	Convolutional Code
	Convolutional Code
	Convolutional Code

	Code rate (per repetition)
	0.4211
	0.2807
	0.1203

	Modulation
	QPSK
	BPSK
	BPSK

	# of Repetition
	1
	1
	8

	# of Subcarriers
	6
	6
	6

	# of OFDM symbols 
(per subframe)
	14
	14
	14

	Effective Transmission Time
	1 ms
	3 ms
	56 ms

	Data Rate
	64 kbps
	21.33 kbps
	1.14 kbps
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Figure 5: Required resource of three coverage modes for N-PDCCH transmission: standalone deployment
Figure 6 shows an example of resource allocation for N-PDCCH where basic and robust coverage modes are multiplexed. One N-PDCCH of extreme coverage mode can be transmitted during 8 Frames.
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Figure 6: Example of resource allocation for N-PDCCH: standalone deployment
3.4.2. In-band Deployment

MCS each coverage class for in-band deployment is proposed in Table 3 and the corresponding required resource is shown in Figure 7. The first three OFDM symbols in each subframe are assumed to be reserved for legacy LTE PDCCH hence not used for N-PDCCH.
Table 3: MCS of three coverage modes: in-band deployment
	
	Basic
	Robust
	Extreme

	Coding scheme
	Convolutional Code
	Convolutional Code
	Convolutional Code

	Code rate (per repetition)
	0.3077
	0.1758
	0.1758

	Modulation
	QPSK
	BPSK
	BPSK

	# of Repetition
	1
	2
	50

	# of Subcarriers
	6
	6
	6

	# of OFDM symbols 
(per subframe)
	11
	11
	11

	Effective Transmission Time
	2 ms
	14 ms
	350 ms

	Data Rate
	32 kbps
	4.57 kbps
	183 bps
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Figure 7: Required resource of three coverage modes for N-PDCCH transmission: in-band deployment
3.4.3. Guardband Deployment
FFS
4. Narrowband Downlink Shared Channel (N-PDSCH)
4.1. Transmission Mode
N-PDSCH carries downlink data. Two transmission modes (TM) are defined for N-PDSCH. 
· TM 1: Single antenna transmission

· TM 2: Transmit diversity

As a transmit diversity scheme of TM 2, SFBC is adopted.
4.2. Resource Allocation

For resource allocation, N=1, 2, 4, 6, 12 subcarriers can be used for one PDSCH and the minimal scheduling unit is 1 ms.
5. Conclusions

In this contribution, the reference signals and resource mapping of N-PDCCH and N-PDSCH are presented. In summary, the proposals are as follows:
Proposal 1: N-PDCCH carrying UL ACK/NACK information is located separately from other N-PDCCH.

Proposal 2: Multiple N-PDCCHs can be multiplexed in frequency domain.

Proposal 3: Multiple N-PDSCHs can be multiplexed in frequency domain.

Proposal 4: CRS mapping of legacy LTE is reused in standalone deployment.

Proposal 5: CRS mapping of legacy LTE is reused for each antenna port in guard-band deployment, respectively.

Proposal 6: Additional CRS can be used in in-band deployment. The location of the additional CRS is near legacy CRS.
Proposal 7: For basic and robust coverage classes, common search space and UE-specific search space are used. For extreme coverage class, only common search space is used.
6. References
[1] RP-151621, New Work Item: NarrowBand IOT (NB-IOT), Qualcomm Incorporated, 3GPP TSG RAN Meeting #69, Phoenix, USA, September 14 - 16, 2015.
[2] R1-155510, Narrowband LTE – Overview of Downlink Design, Samsung, 3GPP TSG RAN WG1 #82bis, Malmo, Sweden, October 5-9, 2015.
3/7

_1504634822.vsd
N-PBCH


N-SIB1 or N-SSS


N-PSS


N-PBCH


N-SIB1 or N-SSS


N-PSS


...


8 Frame (80 ms)



_1504643536.vsd
Subframe (1 ms)



_1504676739.vsd
Subframe (1 ms)



_1504632456.vsd
Robust
(6x3)


Extreme
(6x56)


Basic
(6x1)



_1504633664.vsd



Robust


Robust


Basic


N-PBCH


N-SIB1 or N-SSS


N-PSS


Basic


Basic


N-PBCH


N-SIB1 or N-SSS


N-PSS


N-PSS


N-SIB1 or N-SSS




Robust


N-PBCH


Basic


Basic


Basic


Basic


Basic


Basic


Basic


Basic


Basic


Basic


Basic


...


N-PSS


8 Frame (80 ms)



_1504632467.vsd
Basic
(6x2)


Robust
(6x14)


Extreme
(6x350)



_1504628762.vsd
Subframe (1 ms)



