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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In RAN1 #89 meeting,  proposals had been discussed to further reduce the NPRACH false alarm rate for Rel-14. It was argued that in case of time aligned cells with overlapping coverage areas the likelihood for false alarm in NPRACH CE level 0 may be non-negligible. And the reason for this has been attributed to  a reduced level of randomization in the frequency hopping pattern defining the NPRACH transmission when two repetitions is configured in CE level 0.
In this contribution, we provide the detailed discussion about this issue.
2 Discussion
For NB-IoT a random access preamble corresponds to a random access symbol group(SG) that is constructed of 5 identical symbols and a cyclic prefix as illustrated in Figure 1. Two CP lengths are supported, i.e. 66 us (Format 0) and 266 us (Format 1).

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For Rel-13 NPRACH, there are four symbol groups inside each preamble. Single tone frequency hopping is used for the transmission of symbol group. In Rel-13, a total of 12 hopping pattern is supported, and is indicated by the subcarrier index of  first symbol group. For  all 12 hopping patterns, we can divide them into two categories based on the second hopping direction. The first category is the second frequency hopping distance = +6 subcarrier spacing, the second category is the second frequency hopping distance = -6 subcarrier spacing, as shown in figure 1.



Figure 1: Hopping pattern categories for Rel-13 NRPACH

For preamble repetition, hopping patterns between two repetition are generated via random generator. For two adjacent repetition consisting of 8 SGs, hopping pattern of SG0~SG3 is shown in figure 2, and the hopping pattern of SG4~SG7 is random selected from the 12 hopping patterns also listed in figure 2.
 From Figure 2 we see that based on the direction of the second frequency hopping distance, there are two cases of hopping pattern for SG0 ~ SG7:
Case1：Hopping direction of the second frequency hopping in SG0~SG3 is same as the direction of the second frequency hopping in SG4~ SG7.All the hopping patterns in this case are shown in the ‘first category’ in figure 2.

Case2：Hopping direction of the second frequency hopping in SG0~SG3 is opposite to the direction of the second frequency hopping in SG4~ SG7. All the hopping patterns in this case are shown in the ‘second category’ in figure 2.



Figure 2: Frequency hopping pattern for adjacent 8 SGs in Rel-13 NPRACH

To further analyze the impact of case 1 and case 2 on NPRACH false alarm performance (FAP), we choose one pattern from case 1 (figure 3) and another pattern in case 4 (figure 4).



Figure 3:An example of hopping pattern for adjacent 8 SGs in case 1



Figure 4:An example of hopping pattern for adjacent 8 SGs in case 2


For case 1, we have symbol representation for the first 4 symbol group as





where
； is the frequency offset in Hz； is subcarrier spacing in Hz； is the Round Trip Time; 
 is the correlation result of the n sampling point for symbol group 1 and symbol group 4, where



Similarly， is the correlation result of the n sampling value for symbol group 5 and symbol group 6


For phase based   estimation, we have：

We can see the result includes an random phase  caused by , therefore the accuracy will be affected. With larger  value, estimation error for  can become non-negligible. 

For case 2, the symbol representation of the last 4 symbol group is as follows:




 is the correlation result of the n sampling point for symbol group 5 and symbol group 6, where


For phase based   estimation, we have：

Therefore in this case the phase error caused by  is canceled out , there is no impact on the accuracy of .

The figure below give the simulation result,  scheme1 corresponds to the case 1 and scheme 2 corresponds to case 2. Details for simulation parameters are in the appendix.
· Frequency Offset =50Hz
[image: ]
Figure 5:TA estimation performance for the two cases with FO=50Hz

Table 1:TA estimation result, FO=50Hz  
	Scheme(Frequency Offset =50Hz)
	SNR(dB)
	Probability of TA estimation error within [-7*16Ts, 7*16Ts][Note 1]

	Scheme 1
	11.2
	93.5%

	Scheme 2
	11.2
	99.1%

	Note :Ts=32.55ns
        [-7*16Ts, 7*16Ts] is the requirement defined in 36.104





· Frequency Offset =100Hz
[image: ]
Figure 6:TA estimation performance for the two cases with FO=100Hz


Table 2:TA estimation result, FO=100Hz    
	Scheme(Frequency Offset =100Hz)
	SNR(dB)
	Probability of TA estimation error within [-7*16Ts, 7*16Ts][Note 1]

	Scheme 1
	11.2
	51.9%

	Scheme 2
	11.2
	99.1%

	Note :Ts=32.55ns
        [-7*16Ts, 7*16Ts] is the requirement defined in 36.104




Observation 1：By carefully choose the hopping pattern allowed, the effect of frequency offset is removed.

In figure 7, required SNR value for both cases to achieve same TA estimation accuracy , and the distribution of the TA estimation error are shown.
[bookmark: _GoBack][image: ]
Figure 7:TA estimation performance for the two cases，FO=50Hz，same TA estimation accuracy requirement

From the figure above, we see that with 50Hz frequency offset, for the given TA estimation accuracy [-3.65us, +3.65us], case 2 has an advantage of 5dB SNR over case 1.
Observation 2：The improved hopping reduces the energy requirement therefore needs  less NPRACH repetition. 

The collision rate of the NPRACH transmission from neighboring cell depends on various factors. The most important issue is the inherent system NPRACH capacity. The capacity of NPRACH is limited by the detection performance of NPRACH , which in part affected by the special hopping pattern in Rel-14.

Simulations have shown that hopping patter in case  2 yeilds better performance result. Hopping scheme based on case 2 needs 5dB less SNR ( 50Hz frequency offset ). If we translate that into repetition times, that means this scheme only needs 1/3 of the NPRACH resources the system originally requires. 
Assuming the same NPRACH resources are allocated for Case 1 and Case 2, based on the above analysis, schems based on case will have three times more resources than the original scheme. That will translate into less collision rate : Case 2 has less collision rate than Case 1,and the detailed simulation result is shown in the table 3, the NPRACH collision probability is calculated based on the method described in Appendix.
Table 3:NPRACH collision probability result for the two cases with 3 CE levels
	NPRACH overhead in
uplink resource
	PCollision for Coupling loss<144 dB
	PCollision for Coupling loss [144 dB, 154 dB]
	PCollision for Coupling loss>154 dB

	
	Case 1
	Case 2
	Case 1
	Case 2
	Case 1
	Case 2

	167%
	1%
	0.33%
	1%
	0.33%
	1%
	0.33%

	32.6%
	5%
	1.71%
	5%
	1.62%
	5%
	1.73%

	15.5%
	10%
	3.56%
	10%
	3.45%
	10%
	3.57%





Observation 3：The improved hopping reduces NPRACH Collision Probability


The limitation of the hopping pattern can be adopted for non-anchor carrier for Rel-14, with the following give the detail limitation.





The frequency location of the NPRACH transmission is constrained within  sub-carriers. Frequency hopping shall be used within the 12 subcarriers, where the frequency location of the ith symbol group is given by  where  and








where  with  being the subcarrier selected by the MAC layer from , and the pseudo random sequence  is given by clause 7.2. The pseudo random sequence generator shall be initialized with .




Proposal 1:  To reduce Rel-14 NPRACH false alarm rate, it is proposed to limit the hopping pattern in non-anchor carriers.


3 Conclusions
In this contribution, we make the following observation and proposals:
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 1：By carefully choose the hopping pattern allowed, the effect of frequency offset is removed.
Observation 2：The improved hopping reduces the energy requirement therefore needs  less NPRACH repetition. 
Observation 3：The improved hopping reduces NPRACH Collision Probability

Proposal 1:  To reduce Rel-14 NPRACH false alarm rate, it is proposed to limit the hopping pattern in non-anchor carriers.
 


Appendix：NPRACH simulation assumptions 


Table A1:NPRACH link level simulation parameters
	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 2 Rx

	Cell size
	100 km

	Timing uncertainty
	randomly selected from [0 MaxRTD], where MaxRTD is calculated according to the cell radius

	Frequency error
	
50Hz,100Hz

	Frequency drift
	22.5Hz/s

	Sample rate
	1.92MHz
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Scheme 1,Frequency Offset =50Hz

Scheme 2,Frequency Offset =50Hz
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Case 1,Frequency Offset =50Hz,SNR=11.2dB

Case 2,Frequency Offset =50Hz,SNR=6.2dB
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