Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk487029736]3GPP TSG-RAN WG4 Meeting #92	R4-1909151
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Ljubljana, Slovenia, 26 – 30 August 2019

[bookmark: _GoBack]Agenda Item:	6.2.5
Source:	Ericsson
Title:	Discussion on NB-IoT NPRACH demodulation performance for TDD
Document for:	Discussion
1	Introduction
Addressing the issue on the huge TDD NPRACH performance gap between companies, RAN4 agreed with the way forward [1], where it asks the interested companies to provide the simulation results in RAN4#92 to identify the reason of performance gap. In this contribution we provide our ideal simulation results and discuss the way forward. 
2	Discussion
2.1	Simulation results
Table 1 shows the simulation parameters for evaluation, and it is the same parameter set agreed in [1]. Figure 1 shows our ideal simulation results of the missed detection rate (MDR) of NPRACH TDD format 0 with false alarm rate < 0.1%. It is observed from our simulation that the required SNR to achieve MDR of 1% about 11.0dB.
Observation: For NPRACH TDD Format 0, the required SNR to achieve MDR of 1% about 11.0dB without repetition under static environment.

[bookmark: _Ref14797782]Table 1	TDD NPRACH simulation parameters. 
	Parameters
	Values

	Preamble formats
	TDD NPRACH format 0

	Cell ID
	0

	NPRACH signature
	0

	Uplink-downlink configuration
	1

	Special subframe configuration
	7

	Number of Tx antennas
	1

	Number of Rx antennas 
	2

	Propagation condition
	AWGN

	Repetition number
	1

	Frequency offset
	0 Hz

	Frequency hopping
	1. Enabled
2. Disabled (Optional)

	Detection performance
	SNR to achieve 1) missed detection probability of 1%, 2) false alarm rate of 0.1%, and 3) timing error probability with limits of 3.646us at the same time



[image: ]
[bookmark: _Ref14856305]Figure 1	Missed detection probability simulation result of NPRACH TDD format 0 with false alarm rate of 0.1%.
2.2	Discussion
In Rel-13 RAN4 introduced NPRACH missed detection requirements for FDD format 0/1. Although FDD format 0 is different format from TDD format 0, we can refer to the results to estimate the achievable SNR levels with MDR=1%.
Figure 2 and Figure 3 compare the NPRACH preamble formats 0 for FDD and format 0 for TDD. It is important to note that the preamble sequence length is 8192Ts for both formats, which means the difference between FDD format 0 and TDD format 0 is the CP length and the number of repetitions. 
Without the cyclic prefix, the FDD format 0 repeats the same sequence 20 times but TDD format 0 repeats the same sequence 4 times. Since FDD format 0 uses 5 times more repetitions compared with TDD, the effective performance gain (or coverage expansion) of FDD due to the repetition is 10*log10(5) ~ 7dB. If we look the existing NPRACH FDD format 0 (See Table 2 in Appendix), the required SNR with MDR=1% is -2.1dB with 8 repetitions for static condition. Since our simulation does not use repetition, the gain of FDD is about 10*log10(20*8/4) ~ 15dB, and therefore it is expected the TDD performance is around 12.9 dB (-2.1+15.0). 


[bookmark: _Ref14856618]Figure 2	NPRACH preamble structure for FDD format 0.



[bookmark: _Ref14856620]Figure 3	NPRACH preamble structure for TDD format 0. 
3	Conclusion
Observation: For NPRACH TDD Format 0, the required SNR to achieve MDR of 1% about 11.0dB without repetition under static environment.
This contribution provided our simulation results for NPRACH TDD format 0 and gave the analysis. We propose RAN4 considers our results and analysis. 
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Appendix
[bookmark: _Ref16854928]Table 2	NPRACH missed detection requirements for FDD (TS38.104, Table 8.5.3.2.1-1)
	Number of TX antennas
	Number of RX antennas
	Repetition number
	Propagation conditions and correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	
	Preamble format 0
	Preamble format 1
	Preamble format 2

	1
	2
	8
	AWGN
	0
	-2.1
	-2.1
	-1.0

	
	
	
	EPA1 Low
	200 Hz
	6.1
	6.1
	9.0

	
	
	32
	AWGN
	0
	-6.8
	-6.8
	-5.1

	
	
	
	EPA1 Low
	200 Hz
	0.5
	0.5
	2.2
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NPRACH TDD Format 0, AWGN 1x2, FAR<0.1%


