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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4#80bis, a draft CR for NPRACH performance requirements was agreed [1]. In this paper, we discuss the parameter settings for corresponding NPRACH test requirements for TS 36.141.
Discussion
Timing offset in NPRACH tests
First, let us take a look at the timing offset settings in legacy PRACH test procedure, as defined in Step 6) in Clause 8.4.1.4.2 in TS 36.141. 

[bookmark: _Toc463190609]8.4.1.4.2	Procedure [TS 36.141]
….
6) 	The test signal generator sends a preamble and the receiver tries to detect the preamble. This pattern is repeated as illustrated in figure 8.4.1.4.2-1. The preambles are sent with certain timing offsets as described below. The following statistics are kept: the number of preambles detected in the idle period and the number of missed preambles.


Figure 8.4.1.4.2-1: PRACH preamble test pattern
The timing offset base value is set to 50% of Ncs. This offset is increased within the loop, by adding in each step a value of 0.1us, until the end of the tested range, which is 0.9us.
As shown above, for legacy PRACH test, timing offset is configured with a base value of 50% of Ncs, where Ncs is the number of cyclic shifts for preamble generation in PRACH, plus varying timing offsets with a fixed pattern. The cyclic shift offset Ncs is normally configured with the consideration of the cell coverage counting for the maximum delay spread and time uncertainty of an uplink non-synchronized UE, which is actually associated with the cell coverage size.

Observation 1: For legacy PRACH tests, timing offset base value is set to 50% of Ncs plus additional timing offset in the range of [0, 0.9]us with the consideration of both cell size and variation of timing offset.

For NPRACH, the parameter of Ncs is no longer used. In RAN4#80bis, it was agreed to include timing offset of [30]us into the NPRACH simulation assumptions [2], reversing the decision made previously in RAN4#80 to remove the timing offset [3]. Although timing offset was added back into the NPRACH simulation assumptions, there was still a different view on whether the timing offset should be included in the NPRACH test performance requirements in TS 36.141. In the following, we will explain the reason why there is a need to including non-zero timing offset parameter  and also the proper setting of the timing offset for NPRACH demodulation performance testing. 
 
NPRACH detection performance is determined by the conditional probability of correct detection of the preamble, which includes correct preamble detection together with correct timing estimation. In general, due to the impact of interferences the estimated timing will be distributed around the true NPRACH timing of arrival, resulting positive and negative timing estimation errors. The estimated timing is used to determine the Timing Advance (TA), which will be sent back the UE for uplink transmission timing adjustment to compensate RF signal propagation delays from the UE to the BS. Since the distance from the UE to the BS cannot be smaller than 0, the estimated TA value cannot be negative as defined in TS 36.331. 

During the test, the NPRACH timing estimation error may be determined by the difference of the estimated TA and the configured timing offset. If the configured timing offset is set to zero during the NPRACH test, all of the timing estimates with negative TA may be set to TA=0, becoming perfect timing estimates due to the fact that negative TA is not valid as shown in Figure 1. As a consequence, configuring timing offset to zero may lead to the BS under test to show much “better” (unrealistic) performance than its real performance due to the negative timing estimates are to zero. Therefore, timing offset should not be set to zero in NPRACH test requirements. 

[image: ]
Figure 1. Timing offset is set to 0 (dTmax represents the maximum allowed timing error, e.g., [3.646]us).

Observation 2: Configuring timing offset to zero in NPRACH test requirements may lead to the BS under test to show unrealistic “better” performance than its real performance due to TA should not be negative.

Now let us assume another situation that the timing offset is set to a non-zero value but still smaller than the maximum allowed timing error. In this case, all negative timing estimates, including the wrong estimates with absolute timing error larger than the maximum allowed timing error, would still become “correct” timing estimation. as shown in Figure 2. 
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Figure 2. Timing offset is set to be smaller than dTmax (dTmax represents the maximum allowed timing error of [3.646]us)

Observation 3: Configuring timing offset to be smaller than or equal to the maximum allowed timing error of [3.646]us) in NPRACH test requirements may also lead to the BS under test to show unrealistic “better” performance than its real performance. Therefore, timing offset should not be set to be smaller than or equal to the maximum allowed timing error for NPRACH test requirements in TS 36.141.

Based on above discussion, it is clear that the timing offset in NPRACH test should be configured at least larger than the maximum allowed timing error of [3.646]us in NPRACH test requirements. With the configuration, all timing estimation with absolute timing estimation error larger than [3.646]us will be correctly counted as NPRACH error cases as shown in Figure 3.
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Figure 3. Timing offset is set to be larger than dTmax (dTmax represents the maximum allowed timing error of [3.646]us)

Observation 4: The timing offset should be configured at least larger than the maximum allowed timing error of [3.646]us in NPRACH test requirements in order to correctly test BS NPRACH performance.

In addition, for NPRACH tests, it is in general not only like to know if the BS succeeded or failed a test, but it is also desirable to get the timing error distribution after the tests. For this purpose, the timing offset may need to be configured at least two or three times of the maximum allowed timing error of [3.646]us in NPRACH test requirements.
Observation 5: It is in general desirable to obtain the timing error distribution in addition to know whether a BS succeeded or failed in a NPRACH test. Thus, it would be better to configure the timing offset to be two or three times of the maximum allowed timing error of [3.646]us in NPRACH test requirements.

Consider the fact that [30]us is used in NPRACH simulation assumption, we suggest keeping [30]us timing offset in the NPRACH test requirements in TS 36.141.
Other parameters in NPRACH test requirements
As defined in TS 36.331, NB-IoT NPRACH-Parameters contains the following parameters:

NPRACH-Parameters-NB-r13::=  		SEQUENCE {
[bookmark: OLE_LINK204]	nprach-Periodicity-r13 					ENUMERATED {ms40, ms80, ms160, ms240, 
														ms320, ms640, ms1280, ms2560},
	nprach-StartTime-r13					ENUMERATED {ms8, ms16, ms32, ms64, 
														ms128, ms256, ms512, ms1024},
	nprach-SubcarrierOffset-r13				ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1},
	nprach-NumSubcarriers-r13				ENUMERATED {n12, n24, n36, n48},
	nprach-SubcarrierMSG3-RangeStart-r13	ENUMERATED {zero, oneThird, twoThird, one},
	maxNumPreambleAttemptCE-r13				ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},
	numRepetitionsPerPreambleAttempt-r13	ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128},
	npdcch-NumRepetitions-RA-r13			ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, 
														r256, r512, r1024, r2048, 
														spare4, spare3, spare2, spare1},
	npdcch-StartSF-CSS-RA-r13				ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},
	npdcch-Offset-RA-r13					ENUMERATED {zero, oneEighth, oneFourth, threeEighth}
}

For NPRACH performance tests, it might be better to provide more details on some of above parameter settings. We propose to include the parameters in TS 36.141.

Table 1. NPRACH Test Parameters 
	Parameter
	Value
	Value

	Narrowband physical layer cell identity
	0
	0

	nprach-Periodicity
	40
	80

	nprach-StartTime (ms)
	8
	8

	nprach-SubcarrierOffset
	0
	0

	nprach-NumSubcarriers
	12
	12

	numRepetitionsPerPreambleAttempt
	8 
	32




Summary
In this paper, we discussed parameter settings in NPRACH test requirements for TS 36.141. Based on the discussion, we propose:
· Proposal 1: Configure the timing offset at least larger than the maximum allowed timing error of [3.646]us in NPRACH test requirements in order to test whether a BS will pass or fail NPRACH tests;
· Proposal 2: It is desirable to configure the timing offset to be two or three times of the maximum allowed timing error of [3.646]us in NPRACH test requirements in order to get the timing error distribution properly;
· Proposal 3: The time offset can be configured as [30]us in NPRACH test requirements in TS 36.141 as used in simulation assumptions;
· Proposal 4: Including following test parameters in NPRACH test requirements in TS 36.141
Table 1. NPRACH Test Parameters 
	Parameter
	Value
	Value

	Narrowband physical layer cell identity
	0
	0

	nprach-Periodicity
	40
	80

	nprach-StartTime (ms)
	8
	8

	nprach-SubcarrierOffset
	0
	0

	nprach-NumSubcarriers
	12
	12

	numRepetitionsPerPreambleAttempt
	8
	32
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