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1 Introduction

In RAN1#88bis, the following agreements were reached.
· Working assumption for evaluation until RAN1#89:
· At least the following 2 options are considered for a new NPRACH format 

· Option 1: Rel-13 NPRACH definition with CP length >= 666.67us is introduced. 

· Subcarrier bandwidth <= 1.5 kHz

· Option 2: Rel-13 based NPRACH scrambled by a sequence with good autocorrelation properties. 

Agreement:

· The assumptions of link-level simulation refer to the following table

· Performance of ToA estimation by existing Rel-13 NPRACH as a baseline.

· Performance of false alarm by existing Rel-13 NPRACH as a baseline

	Channel model 
	TU

	Doppler spread 
	1 Hz

	Antenna configuration
	1Tx, 2Rx

	Frequency error
	Normal(0, [100]) Hz 

	Frequency drift 
	±22.5 Hz/s

	Distance between UE and eNB
	100km

	UE transmit power
	23 dBm 

	MCL
	164 dB 

	Repetition of NPRACH for UE’s each transmission
	For baseline evaluation, 32

For new NPRACH format, clarify when submit simulation results


In this contribution we provide our views on the design of NPRACH to support cell radius of at least 100 km. 
2 Performance of existing NPRACH 

In Rel-13, there are two NPRACH preamble formats. The CP length of a preamble is 66.7μs or 266.67μs. Based on Rel-13 design, the supported cell radius is up to 10km and 40km. As described in [1], longer CP should be used for NPRACH to support cell radius of at least 100km. The CP length should be larger than 666.67μs. Here we regard the first three symbols as CP. Except that, no extra change is made on existing Rel-13 NPRACH signal. The ToA performance is shown in Figure 1. The simulation assumption is shown in appendix.
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Figure 1 The ToA performance of existing signal with first three symbols as CP

From the above figure, we can see that the timing error value is concentrated around zero, one symbol length and two symbol length. The absolute timing error less than 2.6μs is only about 26%. It is because the CP length exceeds one symbol length, the ToA estimation has phase ambiguity. Different round trip delay with integer symbol length will cause error ToA estimation.
Observation 1: Based on the NPRACH design in Rel-13 treating the first three symbols as CP, the timing error value is concentrated on zero, one symbol length and two symbol length. The absolute timing error less than 2.6μs is about 26%.
In RAN1#89, a design based on Rel-13 NPRACH scrambled by a sequence with good autocorrelation properties, for NPRACH to support cell radius at least 100 km is proposed for evaluation. In order to support at least 100 km cell radius, the CP length should be larger than 2*100 km/3×108 m/s = 666.67us. So the first three symbols in each symbol group should be regarded as CP. Then only three symbols can be used. In Rel-13 the NPRACH base sequence is all “1”s. This structure ensures no inter-subcarrier interference. The autocorrelation property of all “1”s is poor. If the new sequence is added at symbol group level or repetition level, the autocorrelation property is still very poor. So the new sequence should be added at symbol level. But a different sequence in each symbol will cause inter-subcarrier interference. So in summary using Rel-13 based NPRACH scrambled by a sequence with good autocorrelation properties, is not feasible.
Observation 2: Rel-13 based NPRACH scrambled by a sequence with good autocorrelation properties may cause inter subcarrier interference.
3 New NPRACH format design
As suggested in [1], in order to eliminate phase ambiguity, a narrower minimum hopping gap can be used. The minimum hopping gap is determined by the subcarrier bandwidth. The subcarrier bandwidth should ensure the CP length is less than one symbol’s length. The subcarrier bandwidth should be  ≤1/666.67μs = 1.5 kHz. In current design, there are two subcarrier spacings in uplink, 3.75 kHz and 15 kHz. Considering keeping better scalability with existing subcarrier bandwidths, the subcarrier bandwidth can be 1.25 kHz. Thus the supported maximum cell radius will be up to 120km. The CP length can be equal to one symbol’s length, i.e. 1/1.25kHz = 800μs.
Proposal 1: 1.25 kHz subcarrier bandwidth is used for NPRACH to support cell radius of at least 100 km.

Proposal 2: 800 μs CP length is used for NPRACH to support cell radius of at least 100 km. 

Similar to Rel-13, the preamble can be designed based on single tone with frequency hopping at symbol group level. Each symbol group consists of one CP and several symbols. Based on Rel-13, there are two hopping gaps, i.e. 3.75 kHz and 22.5 kHz (6*3.75 kHz). Minimum hopping gap ensures that UE can access the cell. Maximum hopping gap can improve the ToA estimation accuracy. Similarly, minimum hopping gap should ensure that it can support maximum cell radius of at least 100 km. It is natural to use subcarrier bandwidth as the minimum hopping gap, i.e. the minimum subcarrier bandwidth can be 1.25 kHz. To keep the same ToA estimation accuracy as Rel-13, the maximum hopping gap can reuse 22.5 kHz.  In Rel-13, the ratio of smaller frequency hopping gap and larger frequency hopping gap is 1/6. This structure can preferably succeed to the new format for ToA estimation performance and UEs multiplexing. So the new design can also reuse the similar structure. Four frequency hopping gaps, i.e. 1.25 kHz, 6*1.25 kHz, 3.75 kHz, 3.75 kHz*6 is used for NPRACH. An example hopping design is shown in Figure 2. As shown in Figure 2, the preambles within one repetition consist of two parts. In each part, there are four symbol groups. Both parts reuse the similar frequency hopping pattern of Rel-13. 
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Figure 2 An example frequency hopping design of single subcarrier
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Figure 3 Timing error performance of example design
The simulation results of example design are shown in Table 1. Five different symbol group structures are considered. As shown in Figure 3 and summarized in Table 1, the probability of the estimated ToA error in [-2.6~2.6] us exceeds 90% except the first of CP + 1 symbol. All perform much better than the current NPRACH shown in Figure 1.
Observation 3: Based on the design of 1.25 kHz single-tone frequency hopping symbol groups, with similar frequency hopping structure as Rel-13 NPRACH and 8 symbol groups in one repetition, performance of the ToA estimation is much better than using Rel-13 NPRACH.

As shown in Table 1,  the ToA estimation performance gets better as the number of symbols increases towards 4 symbols per group. When the number of symbols in one symbol group exceeds 4, the ToA estimation performance gets worse. This is because with a too large number of symbols in one symbol group, the phase rotation caused by carrier frequency offset and frequency drift is harmful for coherent combination between symbol groups. However, the duration of the preamble transmission needs to be considered. 

In Rel-13, under 164 dB MCL, the duration of NPRACH is 32*4*1.6 = 204.8 ms. For the symbol structure “CP + 2 symbols”, under 164dB MCL, it satisfies the requirement of 0.1% false alarm probability and 1% miss detection probability, and has duration 307.2 ms, which is close to Rel-13. So taking performance and NPRACH duration into consideration, the symbol group structure “CP + 2 symbols” would be better. 
Table 1 Summary of false alarm and miss detection probability and ToA estimation performance 

among different symbol group structures of 16 repetitions at least fulfilling 164dB MCL
	Symbol group structure
	CP overhead
	False alarm probability
	Miss detection probability
	 Probability of ToA Error in [-2.6~2.6]us

	CP + 1 symbol
	50%
	0.1%
	4.3%
	85.9%

	CP + 2 symbols
	33.3%
	0.1%
	1%
	91.6%

	CP + 3 symbols
	25%
	0.1%
	0.36%
	94.7%

	CP + 4 symbols
	20%
	0.1%
	0.35%
	95.7%

	CP + 5 symbols
	16.7%
	0.1%
	3.95%
	94%


Proposal 3: The symbol group for new NPRACH format consists of CP + 2 symbols.
Proposal 4: 8 symbol groups are in one repetition for the new NPRACH format.
Proposal 5: Within one repetition for new NPRACH format, single-tone based symbol group level frequency hopping steps are 1.25 kHz, 6*1.25 kHz, 3.75 kHz and 6*3.75 kHz. 

4 Conclusions
In this contribution we provide our views on enhancing NPRACH to support cell radius of at least 100 km. The following proposals and observations are made.
Observation 1: Based on the NPRACH design in Rel-13 treating the first three symbols as CP, the timing error value is concentrated on zero, one symbol length and two symbol length. The absolute timing error less than 2.6μs is about 26%.

Observation 2: Rel-13 based NPRACH scrambled by a sequence with good autocorrelation properties may cause inter subcarrier interference.
Observation 3: Based on the design of 1.25 kHz single-tone frequency hopping symbol groups, with similar frequency hopping structure as Rel-13 NPRACH and 8 symbol groups in one repetition, performance of the ToA estimation is much better than using Rel-13 NPRACH.

Proposal 1: 1.25 kHz subcarrier bandwidth is used for NPRACH to support cell radius of at least 100 km.

Proposal 2: 800 μs CP length is used for NPRACH to support cell radius of at least 100 km.

Proposal 3: The symbol group for new NPRACH format consists of CP + 2 symbols.
Proposal 4: 8 symbol groups are in one repetition for the new NPRACH format.
Proposal 5: Within one repetition for new NPRACH format, single-tone based symbol group level frequency hopping steps are 1.25 kHz, 6*1.25 kHz, 3.75 kHz and 6*3.75 kHz.
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Appendix A
	Channel model 
	TU

	Doppler spread 
	1 Hz

	Antenna configuration
	1Tx, 2Rx

	Frequency error
	Normal(0, [100]) Hz 

	Frequency drift 
	±22.5 Hz/s

	Distance between UE and eNB
	100km

	UE transmit power
	23 dBm 

	MCL
	164 dB 

	Repetition of NPRACH for UE’s each transmission
	32 (for baseline evaluation of Rel-13 NPRACH)


