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1
Introduction
In RAN1#83, it was agreed that –

· 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 

· 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.

In this contribution, we consider NB-PBCH design for NB-IoT.
2

NB-PBCH
As agreed in RAN1#83, the Master Information Block (MIB) is carried by a first physical channel which has no accompanying control channel. Similar to the terminology used in LTE, we call this first physical channel the Narrowband Physical Broadcast Channel (NB-PBCH). We consider the NB-PBCH design from [1] as the baseline. In this case, the NB-PBCH transmission time interval is 640ms (i.e. the MIB does not change within this period). This transmission occurs periodically and consists of 8 code blocks, where each block spans 80ms. Figure 1 shows an illustrative block diagram of the NB-PBCH based on the design from [1].
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Figure 1. NB-PBCH block diagram. 
Some potential fields to be included in the NB-MIB include –
· SFN 

· SystemInformationValueTag

· LTE CRS information for in-band operation
· SIB1 scheduling information
· CRC. CRC mask is used to indicate the number of transmit antenna ports at the eNB. In case of in-band operation, this CRC mask is used to indicate the number of transmit antenna ports for LTE.
In the NB-PBCH design from [1], the NB-PBCH transmission time interval is 640ms (i.e. the MIB does not change within this period). This transmission occurs periodically and consists of 8 code blocks, where each block spans 80ms. Since the timing is unknown to the UE, it must blindly detect the code blocks. To reduce UE complexity, lower number of code blocks can be considered. However, performance would be worse as the NB-PBCH transmission time interval will be reduced and therefore the UE can combine less code blocks. For evaluation purpose, we will assume the size of the NB-MIB to be 50 bits comprising of 34 information bits and CRC of size 16 bits. We will consider in-band operation. Table 1 provides other link-level simulation assumptions used in the evaluation.
Figure 2 gives the acquisition time for in-band operation for three different NB-PBCH transmission time intervals – 160ms, 320ms, 640ms. From the figure, it is seen that the acquisition time increases significantly as the time interval decreases. With 160ms and 320ms (2 and 4 code blocks), it would not be possible to meet the 10sec exception report latency based on the analysis in [4]. Therefore, it is proposed that NB-PBCH transmission time interval is 640ms.
Proposal 1: NB-PBCH transmission time interval is 640ms (i.e. the MIB does not change within this period).
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Figure 2. Performance of NB-PBCH for in-band operation.
The design for NB-PBCH depends on whether the operation mode is indicated by the NB-PSS/SSS or by the NB-MIB. If operation mode is indicated by the NB-MIB, the NB-PBCH design would be common for all modes. Otherwise, we can have different NB-PBCH designs depending on the operation mode.
Option 1: Operation mode is indicated by NB-MIB
In this case, the design should be the same for all operation modes since the UE is not aware of mode. As a result, this design will be based on in-band operation, which is the most restrictive. Since the UE does not know the LTE configuration for control region, the first 3 OFDM symbols and resource elements containing LTE CRS (up to 4 antenna ports) should be reserved (i.e. not used for NB-PBCH). Note that for 1.4MHz system bandwidth, up to 4 OFDM symbols may be reserved for legacy control configuration. However, it is reasonable to expect that in-band NB-IoT will not be deployed in 1.4MHz channel bandwidth due to the large amount of overhead that would be required to support both systems.

Furthermore, it was agreed in RAN1#83 that, 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. As a result, additional NB-IoT N-CRS may be required for NB-PBCH demodulation. Alternately, the UE may use NB-PSS or NB-PSS for channel estimation and demodulation. However, this would require the placement of NB-PSS or NB-SSS to be as close to the NB-PBCH as possible, thus restricting the design of either signals. Even if this was possible, performance will degrade when the UE is not stationary. In addition, for TDD it may not be possible to have the synchronization signals close to the NB-PBCH in time. Therefore, it is proposed that a NB-IoT N-CRS is used for NB-PBCH demodulation. The NB-IoT N-CRS design is described in [3].

Figure 3 illustrates the proposed NB-PBCH transmission for in-band transmission where all OFDM symbols within the subframes are used but resource elements are reserved for LTE.

[image: image3.emf]R

1

R

0

R

1

R

0

R

1

R

0

R

1

R

0

R

0

R

1

R

0

R

1

R

1

R

0

R

1

R

0

R

3

R

3

R

3

R

3

R

2

R

2

R

2

R

2

N

1

N

0

N

1

N

0

N

1

N

0

N

1

N

0

N

1

N

0

N

1

N

0

N

1

N

0

N

1

N

0

LTE control region

NB-PBCH

N

1

N

0

NB-IoT N-CRS

R

1

R

3

R

0

N

1

LTE CRS


Figure 3. NB-PBCH mapping for in-band operation.
Link-level analysis of the NB-PBCH is performed using the simulation assumptions shown in Table 1. The payload consists of 34 bits and 16-bit CRC transmitted over 8 code blocks (640ms). Convolution coding and QPSK modulation are used. The results are shown in Figure 4. From the figure, it is seen that the acquisition time at -12.6dB SNR is approximately 1920ms when transmitting NB-PBCH every 10ms. This acquisition time is sufficient to meet the 10sec delay budget for exception reporting [4]. Furthermore, if CRS boosting is used, the acquisition can be reduced to 1280ms for approximately 90% of the users. In this case, the CRS is boosted by puncturing equivalent number of data symbols.
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Figure 4. Performance of NB-PBCH for in-band operation.
For in-band operation, only non-MBSFN subframes may be used. Thus, for FDD, subframes 0,4,5,9 are available while, for TDD, subframes 0,1,5,6 are available. Thus, it is proposed that for FDD, NB-PBCH is transmitted in subframe #0 while for TDD we may utilized subframe #1 or the DwPTS [3] 
Option 2: Operation mode is indicated by NB-SSS
If operation mode is indicated by NB-SSS, the design for in-band would remain the same as described in the previous section but it would be beneficial to have a different design for stand-alone/guard-band (e.g. no need to have N-CRS, lower overhead, using all OFDM symbols in the subframe). For stand-alone/guard-band operation, legacy LTE signals are not present. The key difference between stand-alone and guard-band is the total eNB transmit power for NB-IoT. In the evaluations, stand-alone operation uses 43dBm of transmit power while guard-band operation uses 35dBm of transmit power [2]. Using these values, the target SNRs at 164dB MCL are -4.6dB and -12.6 dB, respectively. Figure 5 illustrates the proposed NB-PBCH transmission where all OFDM symbols within the subframes are used. The CRS design is described in [3]. From the design perspective, it is easier to use the entire subframe for NB-PBCH transmission. This would make the subframe ineligible for any other transmissions and therefore there would be no need to define special handling (e.g. puncturing or rate-matching) for the subframes containing the NB-PBCH. To minimize the overhead, the periodicity of the NB-PBCH can be adjusted accordingly based on the desired performance targets.
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Figure 5. NB-PBCH mapping for stand-alone and guard-band operation. 
To evaluate the performance, link-level analysis of the NB-PBCH is performed. The payload consists of 34 bits and 16-bit CRC transmitted over 8 code blocks (640ms). Antenna configuration is 1Tx-1Rx for stand-alone and 2Tx-1Rx for guard-band. CRS mapping is based on LTE. Convolution coding and QPSK modulation are used. Table 1 provides other link-level simulation assumptions used in the evaluation. Figure 6 illustrates NB-PBCH performance for stand-alone and guard-band scenarios.
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(a) Stand-alone
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(b) Guard-band


Figure 6. Performance of NB-PBCH for (a) stand-alone and (b) guard-band operation. 
From Figure 6, it is seen that, for stand-alone operation, transmitting NB-PBCH every 20ms (corresponding to 5% overhead) is more than sufficient. In this case, at 164dB MCL, the acquisition time is 640ms or less for >97% of the users. Even with NB-PBCH transmission every 40ms, the acquisition time is 640ms or less for >90% of the users at 164dB MCL. This acquisition time is more than adequate to meet the 10sec delay budget for exception reporting. Thus, NB-PBCH periodicity of 20ms or 40ms is sufficient. Note that it would be necessary to obtain this timing from the synchronization channel.
For stand-alone and guard-band operations, all subframes are available for NB-PBCH transmission. However, for in-band operation, only non-MBSFN subframes may be used. Thus, for FDD, subframes 0,4,5,9 are available while, for TDD, subframes 0,1,5,6 are available.
For guard-band operation, performance results in Figure 6 show that the acquisition time is 1280ms or less for >97% of the users when NB-PBCH periodicity of 10ms is used. This corresponds to 10% overhead for NB-PBCH. If CRS boosting is used, the acquisition can be reduced to 640ms or less for approximately 90% of the users. In this case, the CRS is boosted by puncturing some data symbols. 
Based on the above discussion, it is therefore proposed that –
Proposal 2: 
For in-band operation mode,

· NB-PBCH is transmitted every 10ms in subframe #0 using all except the first 3 OFDM symbols.
· Resource elements containing LTE CRS (up to 4 antenna ports) are not used for NB-PBCH.
· NB-IoT N-CRS is used for NB-PBCH demodulation.

Proposal 3: 
If operation mode is indicated in NB-MIB,

· NB-PBCH transmission for stand-alone and guard-band is the same as for in-band.
If operation mode is indicated in NB-SSS,

· For stand-alone operation, NB-PBCH is transmitted every 20ms or 40ms in subframe #0 using all OFDM symbols.
· For guard-band operation, NB-PBCH is transmitted every 10ms in subframe #0 using all OFDM symbols.
3
Conclusion
In this contribution, we consider NB-PBCH design for NB-IoT. Based on our analysis, we make the following proposals –

Proposal 1: NB-PBCH transmission time interval is 640ms (i.e. the MIB does not change within this period).
Proposal 2: 
For in-band operation mode,

· NB-PBCH is transmitted every 10ms in subframe #0 using all except the first 3 OFDM symbols.
· Resource elements containing LTE CRS (up to 4 antenna ports) are not used for NB-PBCH.
· NB-IoT N-CRS is used for NB-PBCH demodulation.

Proposal 3: 
If operation mode is indicated in NB-MIB,

· NB-PBCH transmission for stand-alone and guard-band is the same as for in-band.
If operation mode is indicated in NB-SSS,

· For stand-alone operation, NB-PBCH is transmitted every 20ms or 40ms in subframe #0 using all OFDM symbols.
· For guard-band operation, NB-PBCH is transmitted every 10ms in subframe #0 using all OFDM symbols.
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Table 1. Link-level simulation assumptions.
	Parameter
	Value

	
	Stand-alone
	In-band/Guard-band

	Frequency band
	900 MHz

	eNB Tx power
	43 dBm
	35 dBm

	System bandwidth
	200 kHz
	10 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	DL: eNB: 1Tx, MS: 1Rx
	DL: eNB: 2Tx, MS: 1Rx

	Frequency error
	Randomly chosen from [-50, +50] Hz

	Timing error
	Randomly chosen from [-2.5, +2.5]us



