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1 Introduction
In the revised WID “Revised WI: NarrowBand IoT (NB-IoT)” ([1]) approved in RAN #70 meeting, downlink numerology was down-selected to:

· OFDMA on the downlink

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

In RAN1#83 meeting, the following agreements and working assumption on downlink design were made [2]:

Agreement:

For in-band operation, it shall be possible for NB-IoT UE to decode NB-PBCH without knowing the legacy PRB index

· i.e. a single fixed predefined PRB location NB-IoT is precluded.

· Master information broadcast and system information broadcast are supported for NB-IoT

· Master information broadcast is carried by a first physical channel 
· The first physical channel has no accompanying control channel

· System information broadcast is carried by a second physical channel 

· FFS how the UE determines the time/frequency resources for the second physical channel carrying the system information broadcast 

Working Assumption:
· NB-IoT supports operation with more than one DL tx antenna port.

· For operation with 2 DL tx antenna ports, NB-IoT uses SFBC.

· TBCC as in LTE is used for NB-IoT all downlink channels

In this contribution, we discuss considerations on NB-PBCH design for NB-IoT.
2 NB-PBCH design
To simplify the design, a common NB-PBCH design is considered for all three operation modes. In this contribution, we focus on the design of NB-PBCH in-band operation mode.
Proposal 1: Common NB-PBCH design is used for in-band, guard band and standalone operations.
2.1 TTI and repetition
Regarding available subframes within a TTI, we propose to confirm the potential agreement discussed during email discussion: “For NB-IoT FDD: 1. NB-PBCH does not use subframes 1, 2, 3, 6, 7, and 8 in all operation modes (to avoid collision with LTE MBSFN).”
[image: image1.emf]
Figure 1 Examples of NB-PBCH TTI and sub-block repetitions
An example of NB-PBCH TTI is shown in Figure 1. NB-PBCH is transmitted in subframe #0 in each radio frame. NB-PBCH TTI length is 640ms and one NB-PBCH code block is divided into 8 sub-blocks within each TTI. Each sub-block repeats 8 times within 80ms interval. In addition, similar to PBCH in LTE system, different scrambling sequence is used for different sub-blocks. By cell search (detection of NB-PSS/NB-SSS) with maximum 8 times blind detections of NB-PBCH sub-block, NB-IOT UE can acquire the radio frame timing within 640ms TTI length, where radio frame timing within 640ms TTI length corresponds to 6 lower bits of SFN.
Proposal 2: NB-PBCH is transmitted in subframe#0 of each radio frame. 
· TTI length is 640ms.
· One NB-PBCH code block is divided into 8 sub-blocks.
· Each sub-block is repeated 8 times.
2.2 Resource mapping in a NB-PBCH subframe
Regarding resource mapping of NB-PBCH, we propose to confirm the potential agreements during the offline email discussion:“For NB-IoT FDD: 2. N-PBCH does not use the first 3 symbols in a subframe in in-band operation (to avoid collision with LTE PCFICH, PHICH, and PDCCH). 3. N-PBCH does not use resource elements of LTE CRS up to 4 antenna ports in in-band operation.”
Based on the above potential agreements, in order to improve NB-PBCH performance, all other remaining REs in a NB-PBCH subframe can be used for NB-PBCH transmission, with LTE CRS up to 4 antenna ports being punctured.
Proposal 3: All the remaining REs except the first 3 OFDM symbols and 4-port LTE CRS REs in a NB-PBCH subframe are used for NB-PBCH transmission.

2.3 RS pattern
[image: image2.emf]
Figure 2 Examples of NB-PBCH-specific RS pattern
For in-band operation, if same Cell-ID is applied to NB-IoT and LTE system, NB-IoT UE can get the frequency shift of  LTE CRS, and accordingly get specific RE location of  LTE CRS according to Cell-ID acquired by cell search during NB-PBCH decoding. However, NB-IoT UE cannot acquire the sequence of LTE CRS, because NB-IoT UE does not know the frequency location of narrowband used for NB-IoT within the LTE system bandwidth. NB-PBCH-specific RS should be considered to support SFBC transmission in order to ensure the performance of NB-PBCH without the knowledge of frequency location of NB-IoT. Same power level is assumed for NB-PBCH-specific RS and NB-PBCH. Two examples of NB-PBCH specific RS pattern are shown in Figure 1. NB-PBCH specific RS is located in the last two symbols of each slot in Figure 1(a) and more evenly distributed in Figure 1(b).
Based on the assumption in Table 1, we evaluate the link level performance of above two NB-PBCH specific RS patterns. The simulation results are shown in Figure 2. It is observed that performance difference of above two NB-PBCH specific RS patterns is quite small, i.e., NB-PBCH specific RS pattern has little impact on performance.
Table 1 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	2Tx,1Rx

	Payload(including CRC)
	50 bits

	Transmission mode
	SFBC

	Transmission duration
	80 ms (one sub-block)

	Repetition
	8, as shown in Fig.1

	Channel estimation
	Realistic

	Channel implementation
	5000
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Figure 2 Performances of two NB-PBCH-specific RS patterns
If extended CP is supported for NB-IOT, common NB-PBCH-specific RS should be applied for normal CP and extended CP in order to simplify the design. The pattern in Figure 1(a) is easier to be extended to the case of extended CP. As shown in Figure 3, regardless of CP length, NB-PBCH-specific RS always resides in the last two OFDM symbols of each slot. Then, the number of REs for NB-PBCH data REs would be 100 and 76 for normal CP and extended CP, respectively.
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Figure 3 Examples of NB-PBCH-specific RS pattern for normal and extended CP
Proposal 4: NB-PBCH-specific RS is defined for NB-PBCH. 
· Common 2-port NB-PBCH-specific RS pattern is applied for normal and extended CP.

· NB-PBCH-specific RS pattern is determined based on PCID.
2.4 RS sequence
To avoid extra work in standardization, the sequence generation method of LTE CRS can be reused:
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Since current LTE CRS sequence is generated according to NRBmax,DL PRBs (i.e., maximum DL bandwidth configuration) and NB-IoT only includes 1 PRB, it is required to preconfigure which segment of LTE CRS sequence used for NB-PBCH-specific RS. For example, center part (m=NRBmax,DL-1, NRBmax,DL) or the front part (m=0,1) of LTE CRS sequence can be truncated and used for NB-PBCH-specific RS.
Proposal 5: Preconfigure one segment of LTE CRS sequence as NB-PBCH-specific RS sequence.
2.5 Contents carried in NB-PBCH
NB-PBCH may carry following information:
System Frame Number(SFN), bit length = 4: For in-band operation, the timing of NB-IoT system should be aligned with LTE system. The timing period of LTE system is 10240ms (i.e., 1024 radio frames). After cell search and NB-PBCH detection, NB-PBCH UE can acquire the timing within 640ms TTI and additional 4 bits are required for acquiring the remaining SFN information.
SI Value Tag, bit length = 5~6: According to discussion in RAN2, “systemInfoValueTag” can be carried by NB-PBCH instead of SIB1, to facilitate more frequent update of System Information. SI Value Tag is used for indicating the change of system information. SI Value Tag will be incremented by 1 once the system information changes.
NB-SIB1 Scheduling Information, bit length = 4~6: SIB1bis in Rel-13 eMTC is based on control-less transmission and control parameters are indicated in M-PBCH. Similar scheme can be reused for NB-SIB1.
Operation Mode, bit length = 1~2: In order to reduce the complexity of DL synchronization and cell search and to ensure that NB-IoT UE can acquire the operation mode with minimum delay, it is preferred to indicate the operation mode information by NB-PBCH.
Offset between NB-PSS/SSS/NB-PBCH and NB-PDCCH/NB-PDSCH, bit length = 2~4: For in-band operation, considering the impact of channel raster, narrowband for NB-PSS/SSS/NB-PBCH may not be aligned with LTE PRB. In order to reduce the impact on LTE downlink channels, NB-PDCCH/NB-PDSCH can be transmitted in narrowband aligned with legacy PRB. The frequency offset between center of NB-PSS/SSS/NB-PBCH and center of  NB-PDCCH/NB-PDSCH can be indicated by NB-PBCH. Details of channel raster are discussed in [3].
Configuration on RS Sequence, bit length = 3~8: For in-band operation, location of LTE CRS can be acquired after cell search, but the sequence value of LTE CRS is unknown to the NB-IoT UE. In order for NB-PDCCH/NB-PDSCH to reuse LTE CRS, sequence information of LTE CRS can be indicated by NB-PBCH. For example, PRB index where NB-IoT system locates or relative offset between center of NB-IOT system and center of LTE system can be signaled.
Number of RS Ports, bit length = 1: For in-band operation, LTE CRS may be 2 ports or 4 ports. NB-PDCCH/NB-PDSCH resource mapping can be done based on the actual number of CRS antenna ports after NB-PBCH decoding.
Table 2 Possible contents carried in NB-PBCH
	Parameters
	Number of Bits

	System Frame Number
	4

	SI Value Tag
	5~6

	NB-SIB1 Scheduling Information
	4~6

	Operation Mode
	1~2

	Offset between NB-PSS/SSS/NB-PBCH and NB-PDCCH/NB-PDSCH
	2~4

	Configuration on RS Sequence
	3~8

	Number of RS Ports
	1

	Reserved
	FFS

	Total
	20~31


Considering 16 bits CRC overhead, the contents carried by NB-PBCH would not be greater than 50 bits. After TBCC coding, rate matching, sub-block segmentation, sub-block repetition and QPSK modulation, NB-PBCH symbols would be mapped to the available REs within a NB-PBCH scheduling period.
Proposal 6: NB-PBCH carries the following information: SFN, SI Value Tag, NB-SIB1 scheduling information, pperation mode, offset between NB-PSS/SSS/NB-PBCH and NB-PDCCH/NB-PDSCH, configuration on RS sequence, number of RS ports.
3 Conclusions
In this contribution, we have discussed considerations on NB-PBCH design. We make the following proposals:
Proposal 1: Common NB-PBCH design is used for in-band, guard band and standalone operations.
Proposal 2: NB-PBCH is transmitted in subframe#0 of each radio frame. 

· TTI length is 640ms.
· One NB-PBCH code block is divided into 8 sub-blocks.
· Each sub-block is repeated 8 times.
Proposal 3: All the remaining REs except the first 3 OFDM symbols and  4-port LTE CRS REs in a NB-PBCH subframe are used for NB-PBCH transmission.
Proposal 4: NB-PBCH-specific RS is defined for NB-PBCH. 

· Common 2-port NB-PBCH-specific RS pattern is applied for normal and extended CP.

· NB-PBCH-specific RS pattern is determined based on PCID.
Proposal 5: Preconfigure one segment of LTE CRS sequence as NB-PBCH-specific RS sequence.

Proposal 6: NB-PBCH carries the following information: SFN, SI Value Tag, NB-SIB1 scheduling information, operation mode, offset between NB-PSS/SSS/NB-PBCH and NB-PDCCH/NB-PDSCH, configuration on RS sequence, number of RS ports.
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