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1. Introduction

In last RAN4 meeting the radio link monitoring for NB-IoT UE was discussed, and the RLM simulation assumption was agreed in a way forward [1]. In this contribution, we will provide our initial RLM simulation results for NB-IoT UE based the agreed assumptions.
2. Simulation assumptions
The parameters used in the simulations are shown in Table A1 in Appendix. The initial simulations are evaluated with radio propagation channels AWGN, ETU 1Hz and EPA 1Hz, respectively. Also, the NB-PDCCH performance will be investigated with different repetition level and antenna configuration.
3. Simulation results
The NB-PDCCH performances are shown in figure 1-6.
3.1. 
Stand-alone operation
3.1.1.  
AWGN
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Figure 1: NB-PDCCH performance for stand-alone AWGN
3.1.2.  
EPA1
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Figure 2: NB-PDCCH performance for stand-alone EPA 1Hz
3.1.3.  
ETU1
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Figure 3: NB-PDCCH performance for stand-alone ETU 1Hz
3.2.  
In-band operation
3.2.1.  
AWGN
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Figure 4: NB-PDCCH performance for in-band AWGN
3.2.2.  
EPA1
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Figure 5: NB-PDCCH performance for in-band EPA 1Hz
3.2.3.  
ETU1
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Figure 6: NB-PDCCH performance for in-band ETU 1Hz
From the above results, UE achieves a much better NB-PDCCH performance in AWGN than that in fading channel. The benefit of transmit diversity can be observed only in fading channel with more than 3dB gain. Obviously, the NB-PDCCH performances become better with the increase of repetition level. As part of resource elements are occupied by LTE-CRS, the performances under in-band operation are worse than that under stand-alone operation.
Observation 1: Compared with fading channel, NB-IoT UEs achieve a much better NB-PDCCH performance in AWGN.
Observation 2: UEs achieve a better NB-PDCCH performance with the increase of repetition level.
Observation 3: More than 3dB benefit can be observed only in fading channel due to transmit diversity.
Observation 4: Compared with stand-alone operation, there is a limited NB-PDCCH performance loss under in-band operation.
4. Conclusions

In this contribution, we provide the RLM simulation results for NB-IoT, and the following observations are provided:
Observation 1: Compared with fading channel, NB-IoT UEs achieve a much better NB-PDCCH performance in AWGN.
Observation 2: UEs achieve a better NB-PDCCH performance with the increase of repetition level.
Observation 3: More than 3dB benefit can be observed only in fading channel due to transmit diversity.
Observation 4: Compared with stand-alone operation, there is a limited NB-PDCCH performance loss under in-band operation.
5. References

[1] R4-162871, “Way forward on NB-IoT RLM simulation assumption”, Ericsson, Qualcomm Incorporated, Nokia, ZTE, NTT DOCOMO, CMCC, Huawei, HiSilicon
6. Appendix
The simulations assumptions for in-sync/out-of-sync are shown in table A1.
Table A1
NB-PDCCH transmission parameters for in-sync/out-of-synch.
	Parameter
	Value for In-sync
	Value for Out-of-sync

	DCI format
	Format N1 (RAR)
	Format N1 (DL scheduling)

	Number of information bits
	[22] bits
	[22] bits

	System Bandwidth
	200kHz
	200kHz

	Channel model
	AWGN

EPA1

ETU1
	AWGN

EPA1

ETU1

	Antenna configuration
	1x1 and 2x1
	1x1 and 2x1

	Antenna correlation
	Low
	Low

	Repetition level
	{1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}
	{1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}

	Aggregation level
	2
	2

	DRX
	OFF
	OFF

	Operation
	In-band, Guard-band, Stand-alone
	In-band, Guard-band, Stand-alone

	Note: For in-band operation, the number of antenna ports for CRS is same as that for NRS. 
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