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1 Introduction

In RAN4#80 meeting, companies have provided their NPBCH and NPDCCH simulation results for targeting 1% BLER requirement. It was observed that NPBCH SNR requirement is worse than NPDCCH up to 7dB in a specific case [1]. It was also pointed out that this was due to the RAN1 design difference between NPBCH and NPDCCH, in particular the maximum number of repetition. With current performance mismatch, the performance of NPBCH will ultimately limit the entire NB-IoT coverage enhancement range, resulting in less coverage range than initially intended for the WI.
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Fig.1. Restriction of Coverage from mismatch between NPBCH and NPDCCH
In this contribution, we provide simulation results to show and compare the BLER performance for NPBCH with NPDCCH. This is to support RAN4’s effort for informing RAN1 of this issue, and possibly, seeking a technical solution from RAN1. This argument is not only for NB-IoT, but also for eMTC since a similar performance gap is observed in eMTC PBCH performance as well.
2 NPBCH Simulation Assumptions and Results
In legacy LTE systems, the performance requirement for PBCH is typically lower than its PDCCH counterpart. For example, the following tables are taken from 36.101 section 8.4.1.1 and 8.6.1.1 respectively. As it can be observed, there is 4.4 dB performance gap between PBCH and PDCCH. This is due to a number of factors such as lower code rate, 40ms combining, etc. Similar observations can be made for different duplex mode, propagation channel and CCE aggregation level. Such design principle is rather natural given importance of robust system information acquisition. 
Table 1 Minimum performance PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10 MHz
	8 CCE
	R.15 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	1
	-1.7


Table 2 Minimum performance PBCH

	Test number
	Bandwidth 
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	Pm-bch (%)
	SNR (dB)

	1
	1.4 MHz
	R.21
	ETU70
	1 x 2 Low
	1
	-6.1


For the NB-IoT system, the concept of repetition was introduced for the purpose of coverage enhancement and extension. RAN1 designed the maximum number of repetition for each physical channel to be different, 64 for NPBCH and 2048 for NPDCCH/NPDSCH. Due to the difference of number of repetition, it was observed in RAN4#80 by many companies that the performance for NPBCH is worse than NPDCCH/NPDSCH, in contrary to legacy LTE systems. This implies that for scenarios requiring heavy coverage enhancement, like in very far cell edges, a NB-IoT UE may be able to decode NPDCCH/NPDSCH but not NPBCH. Thus it can be argued that the performance of NPBCH will ultimately limit the entire NB-IoT system and may not satisfy CE target.
For NPBCH, two simulation cases (i.e. Simulation number 1 and 2 in Table 3) have been agreed in RAN4#79AH meeting [2]. Based on this simulation conditions, companies have reported NPBCH performance [1][3][4][5][6]. In this contribution, NPBCH simulation results are compared with results had been shared on last meeting and NPDCCH performance in same simulation condition. 
Table 3 Minimum performance for NPBCH

	Simulation number
	Bandwidth 
	Deployment mode
	Reference Channel
	Propagation Condition
	Antenna configuration 
	Reference value

	
	
	
	
	
	
	Pm-bch (%)
	SNR (dB)

	1
	180 KHz
	Stand-alone
	R.NB1.1
	EPA1
	1 x 1
	1
	TBD

	2
	180kHz
	In-band/Guard-band
	R.NB1.2
	EPA1
	2 x 1 Low
	1
	TBD


Table 4
RMC table for NPBCH
	Parameter
	Unit
	Value

	Reference channel
	
	R.NB1.1
	R.NB1.2

	Number of transmitter antennas
	
	1
	2

	Channel bandwidth
	MHz
	0.2
	0.2

	Modulation
	
	QPSK
	QPSK

	Target coding rate
	
	50/1600
	50/1600

	Payload (without CRC)
	Bits
	34
	34


The simulation results of NPBCH with SNR for Simulation Case 1 have been summarized in Fig.2.
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Fig.2. NPBCH BLER with SNR for Simulation 1
The simulation results of NPBCH for Simulation Case 2 is compared with those of NPDCCH in Fig. 3.
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Fig.3. NPBCH and NPDCCH BLER with SNR for Simulation 2
Observation 1: For Simulation Case 1, the BLER of 1% is achieved at SNR around -3.3dB. For Simulation Case 2, the BLER of 1% is achieved at SNR around -6.1dB.
Observation 2: In comparison with NPDCCH performance, it is shown that NPBCH performance is between NPDCCH with repetition 64 and 128. 
Observation 3: For scenarios requiring heavy coverage enhancement, such as a very far cell edge scenario, a NB-IoT UE may be able to decode NPDCCH with 2048 repetition but not NPBCH.

 One thing to note is that RAN1 seemed to have acknowledged mismatch between NPBCH and other physical channels in some degree. Assuming that the worst case operating SINR given a certain target MCL likely comes with in-band deployment, up to 6dB power boosting which can be applied for in-band operation can alleviate this issue, i.e., NPBCH at anchor carrier can enjoy 6dB better condition while NPDCCH/NPDSCH at non-anchor carrier can handle the worse condition with larger repetition. 6dB gap between NPBCH operating SNR of -6.1dB and the current RAN4 SNR requirement target of -12dB for NPDCCH/NPDSCH [7] would be justifiable under this assumption, but validity of such assumption is not completely clear. Hence, we propose to confirm validity of 6dB power boosting assumption of anchor carrier for in-band operation.
 Unfortunately, we think that RAN1’s further technical consideration is needed even with the above confirmation. Under RAN1’s in-band evaluation assumption [8], MCL of 164dB would reach operating SNR of around -12dB even with 6dB power boosting, which means that NPBCH would need to operate at least at -12dB SNR. To handle this issue, RAN1 has considered ‘keep-trying’ approach, but such an approach can cause an issue during cell re-selection in real-life performance view point as well as in RAN4 specification view point, which RAN1 might have overlooked. Even initial acquisition can be a problem since it can take extremely long time due to fading.
 Furthermore, evaluation assumption in [8] is rather optimistic due to assumption of 10MHz channel. Operating SNR would become 3dB lower with 20MHz channel keeping the same MCL, which makes operating SNR to be around -21dB (without power boosting) and -15dB (with power boosting). Given performance in Fig. 3, NPDCCH can operate at -8dB SNR with 128 repetitions, so NPDCCH has a chance to operate at around -20dB SNR with maximum 2048 repetitions while NPBCH would fail badly with lower than -12dB SNR. Hence, we propose to inform RAN1 of potential coverage mismatch between NPBCH and other physical channels when maximum 2048 repetitions are considered. 
 Proposal: Send an LS to RAN1 to confirm validity of 6dB power boosting assumption of anchor carrier for in-band operation as well as to inform technical issues identified in RAN4.
3 Conclusion 
In this contribution, it was pointed out the NPBCH RAN1 design is fundamentally limited compared to other physical channels, due to the difference in number of repetition. A concern many companies share and observe is that this may limit the coverage enhancement performance of NB-IoT. We provided a summary of submitted NPBCH simulation results and compared it with those of NPDCCH. The following observations and proposals were made:
Observation 1: For Simulation Case 1, the BLER of 1% is achieved at SNR around -3.3dB. For Simulation Case 2, the BLER of 1% is achieved at SNR around -6.1dB.

Observation 2: In comparison with NPDCCH performance, it is shown that NPBCH performance is between NPDCCH with repetition 64 and 128. 
Observation 3: For scenarios requiring heavy coverage enhancement, such as a very far cell edge scenario, a NB-IoT UE may be able to decode NPDCCH with 2048 repetition but not NPBCH
Proposal: Send an LS to RAN1 to confirm validity of 6dB power boosting assumption of anchor carrier for in-band operation as well as to inform technical issues identified in RAN4.
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