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1	Introduction
The design of NB-IoT channels has almost completed in RAN1/RAN2 [1][2][3].  Major RAN4 core requirements are also almost completed; therefore, NB-IoT performance requirements shall be studied for specification. 
This contribution provides initial study on performance specification of NPRACH.  Performance criterion and simulation assumptions are proposed in the contribution.
2	Overview of NPRACH
As defined in RAN1 [1], NPRACH is a preamble based channel with single tone (3.75kHz).  The NPRACH symbol groups are frequency hopped.  From [1], the introduction of NPRACH is presented here:


The physical layer random access preamble is based on single-subcarrier frequency-hopping symbol groups. A symbol group is illustrated in Figure 10.1.6.1-1, consisting of a cyclic prefix of length  and a sequence of 5 identical symbols with total length. The parameter values are listed in Table 10.1.6.1-1.


Figure 10.1.6.1-1: Random access symbol group
Table 10.6.1.1-1: Random access preamble parameters
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Note that two CP lengths are supported for NPRACH: the CP length of PF0 is 66.7us; and the CP length of PF1 is 266.7us.
One NPRACH configuration contains the following parameters [1]:

-	NPRACH resource periodicity  (nprach-Periodicity),

-	frequency location of the first sub-carrier allocated to NPRACH  (nprach-SubcarrierOffset),

-	number of sub-carriers allocated to NPRACH   (nprach-NumSubcarriers),

-	number of NPRACH repetitions per attempt  (nprach-NumRepetitions),

-	NPRACH starting subframe  (nprach-StartTime).



Based on [3], NPRACH can be configured with these parameters and these parameters can take these values:
nprach-Periodicity	40, 80, 160, 240, 320, 640, 1280, 2560
nprach-SubcarrierOffset	0, 12, 24, 36, 2, 18, 34
nprach-NumSubcarriers	12, 24, 36, 48
nprach-NumRepetitions	1, 2, 4 ,8, 16, 32, 64, 128
nprach-StartTime	8, 16, 32, 64, 128, 256, 512, 1024
3	NPRACH performance requirements
3.1	Criterion
The legacy LTE PRACH performance requirements are based on PRACH false alarm probability (<=0.1%) and missed detection probability (<1%).  Based on 36.104, the detection probability is the conditional probability of correct detection of the preamble when the signal is present.  The error detection cases, as specified in 36.104, include:
1. Detection of different preamble other than the transmitted preamble;
2. Not detecting the preamble at all;
3. And correct preamble detection but with the wrong timing estimation.
The wrong timing estimation is defined when either one of cases:
i) the timing estimation error of the strongest path is larger than 1.04us for AWGN;
ii) the timing estimation error of the strongest path is larger than 2.08us for ETU70.
Usually, the timing estimation error for legacy LTE PRACH is quite small compared to target 1% missed detection probability.  However, the timing estimation error becomes significant for NPRACH, as discussed in the companion paper [4].
Based on NPRACH performance evaluation in [4], it shows that it is difficult to reach timing estimation error 1% with 2.5us timing limit for NPRACH detection with 1% missed detection rate and 0.1% false alarm rate.  Due to single-tone nature of NPRACH and its limited BW in frequency hopping, further study is needed to capture both timing estimation performance and missed detection performance for NPRACH requirements.
Proposal 1:	Further study is needed to capture both timing estimation performance and missed detection performance for NPRACH requirements.
3.2	Simulation assumptions
Simulations are need to evaluate NPRACH performance before the performance specification.
[bookmark: _Ref450830533]Table 1    Simulation assumptions
	Parameter
	Values

	NPRACH burst format
	BF0

	Number of Repetitions
	2, 8, 32

	Number of Subcarriers
	12, [24]

	frequency offset
	0Hz (AWGN); [50]Hz (TU1)

	Propagation channels
	AWGN, TU1

	 
	 

	Detection performance
	Missed detection rate (1%) with false alarm rate (0.1%)

	Timing estimation
	Timing error probability with limits 2.5us, [5us], [10us]



The simulation assumptions are proposed in Table 1 with related parameters.  We need start with BF0 performance and both burst formats shall be specified.  The number of repetitions can be 2, 8, and 32 to minimize number of tests.  The frequency offset is related to the propagation channels.  For AWGN channel no frequency offset is assumed, which is aligned with the legacy PRACH tests.  TU1 channel is proposed for multi-path channel due to the low mobility of NB-IoT devices. 
The performance evaluation shall capture both detection performance and timing estimation performance.  The detection performance includes missed detection rate and false alarm rate, with target rate of 1% and 0.1%, respectively.  The timing estimation performance shall be evaluated with the timing error probability with timing limits of 2.5us, 5us, and 10us.  We propose to use these parameters in Table 1 to study NPRACH performance before the specification of performance requirements.
Proposal 2:	Simulation assumptions in Table 1 shall be used for NPRACH evaluation.

4	Conclusions
The NPRACH channel of NB-IoT is discussed in the contribution for RAN4 specification of performance requirements.  Overview of NPRACH design is provided.  With the legacy PRACH performance requirements as the basis, the NPRACH detection performance and NPRACH timing estimation performance shall be evaluated for NPRACH requirements.  Further simulation assumptions are proposed so that RAN4 can evaluate NPRACH performance before the requirements specification.
We propose:
Proposal 1:	Further study is needed to capture both timing estimation performance and missed detection performance for NPRACH requirements.
Proposal 2:	Simulation assumptions in Table 1 shall be used for NPRACH evaluation.
	Parameter
	Values

	NPRACH burst format
	BF0

	Number of Repetitions
	2, 8, 32

	Number of Subcarriers
	12, [24]

	frequency offset
	0Hz (AWGN); [50]Hz (TU1)

	Propagation channels
	AWGN, TU1

	 
	 

	Detection performance
	Missed detection rate (1%) with false alarm rate (0.1%)

	Timing estimation
	Timing error probability with limits 2.5us, [5us], [10us]
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