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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 Good hopping pattern and bad hopping pattern
· Definition 

In  Ran1 #90 it was pointed out in [1] that  from the perspective of  hopping direction of the second frequency hopping , there are two hopping pattern exist in the two continuous repetition of 8 symbol groups (SG).
Case1：Hopping direction of the second frequency hopping in SG0~SG3 is same as the direction of the second frequency hopping in SG4~ SG7. We define this pattern as case1 ‘Bad’ hopping pattern, as shown in Figure 1.
Case2：Hopping direction of the second frequency hopping in SG0~SG3 is opposite to the direction of the second frequency hopping in SG4~ SG7. We define this pattern as case2 ‘Good’ hopping pattern, as shown in Figure 2.


Figure 1:An example of bad hopping pattern for adjacent 8 SGs 



Figure 2:An example of good hopping pattern for adjacent 8 SGs 
In [1], it was further discussed that the ‘bad’ hopping pattern will have huge negative impact on system performance.  With more simulation, it was discovered that the occurrence probability of ‘bad’ hopping pattern is alarming.  In the following we will discuss the occurrence probability of ‘bad’ hopping and present more simulation results to show the negative impact it has on the NPRACH capacity.
· Probability of selecting bad hopping pattern

[image: ]
Figure 3:Bad hopping pattern percentage within 12 NPRACH subcarriers per Cell ID, NPRACH repetition =2;

In Figure 3 we show the CDF of probability of the occurrence of ‘bad’ hopping pattern with NPRACH repetition times=2, when Rel-13 NPRACH random generator is used. The CDF data is collected from all available cell IDs. From the results, it is observed that there are as much as 8.3% cell, in which all the hopping pattern are ‘bad’. (In the next section we’ll show what this means for the NPRACH capacity)
Observation 1：When NPRACH Repetition times=2 
（1）Among all cell ID, there are 8.3% of cell in where all hopping patterns are ‘bad’ hopping pattern. For example, cell with celll ID = 22；
（2）For the remaining cells, ‘bad’ hopping pattern exist with different occurrence probability, with more than 50% cells have ‘bad’ hopping pattern larger than 50%.

For NPRACH repetition number=4, the result is shown in Figure 4, it can be observed that for NPRACH repetition number=4,  92% of cell has ‘bad’ hopping pattern.
[image: ]
Figure 4:Bad hopping pattern percentage within 12 NPRACH subcarriers per Cell ID, NPRACH repetition =4;

Observation 2 : When NPRACH Repetition times=4, 35% of cell has ‘bad ‘hopping pattern.
It is understand that eNB will provision the NPRACH based on the worst situation possible. When UE with ‘bad’ hopping pattern exists in the cell, more NPRACH resources need to be provisioned for guarantee that NPRACH reception requirement. Undoubtedly , this will have huge impact on the NPRACH capacity.

· Negative impact of ‘bad’ hopping pattern on NPRACH

When NPRACH repetition times=2, TA estimation performance comparison of good hopping and bad hopping are shown in Table 1 . It is noted that receiver CFO algorithm is used . It can be observed that good hopping pattern has 6dB performance gain over bad hopping pattern.
Table 1: TA estimation result for NPRACH repetition times=2
	Probability of TA estimation error within [-7*16Ts, 7*16Ts][Note 1]
	Max Frequency Offset(Hz)
	Required SNR(dB)

	
	
	Bad hopping pattern w/ frequency offset compensation
	Good hopping pattern w/ frequency offset compensation

	90%
	100
	10.5
	4.5

	Note1:Ts=32.55ns,16Ts sampling interval, 36.104 Preamble detection requirement is used



Observation 3: For NPRACH Repetition times=2，good hopping has 6dB performance gain over bad hopping pattern
 
When NPRACH repetition times=4, TA estimation performance comparison of good hopping and bad hopping are shown in Table 1. It is noted that receiver CFO algorithm is used. It can be observed that good hopping pattern has 5.5dB performance gain over bad hopping pattern .
Table 2: TA estimation result for NPRACH repetiton times=4
	Probability of TA estimation error within [-7*16Ts, 7*16Ts][Note 1]
	Max Frequency Offset(Hz)
	Required SNR(dB)

	
	
	Bad hopping pattern w/ frequency offset compensation
	Good hopping pattern w/ frequency offset compensation

	90%
	100
	7.5
	2

	Note1:Ts=32.55ns,16Ts sampling interval, 36.104 Preamble detection requirement is used



Observation 4：For NPRACH Repetition times=4，good hopping has 5.5dB performance gain over bad hopping pattern

In normal deployment how much percentage of UE will use NPRACH repetition of 1,2, or 4?  In Figure 5, we show the uplink SNR CDF, it is observed that more than 92% UE will have >2dB SNR. For these UEs, it is possible that  2 or 4 repetition will be configured to meet the RAN4 requirement. 6dB performance difference means that 4 times more NPRACH resource need to be provisioned for these UE with current hopping mechanism.[image: ]
Figure 5:Uplink SNR distribution for NB-IoT system

Observation 5：As much as four times NPRACH resources need to be provision for 92% UE with current hopping mechanism 
3 Further analysis for NPRACH repetition times larger than 2
 When NPRACH repetition times N>2, there are two situations. Suppose in N repetition, there are N1 times ‘upwards’ hopping ( hopping with +22.5kHz ) and N2 ‘downwards’ hopping (hopping with -22.5kHz) . N1+N2=N. It is understood that if either N1 or N2 equals 0, then the hopping pattern is ‘bad’ as it will have huge negative impact. Furthermore , it was discovered that even none of N1 or N2 equals 0, if they are in relative big disparity, for example, N1 is about 2 times N2 or vice versa , it will also have big negative impacts on NPRACH detection.



Figure 6:An example of Sub-Bad hopping pattern for NPRACH repetition times=4;

For example, in Figure 6, when N1=3, and N2=1, simulation were conducted to evaluation the degradation. The result is given in Table 3 
Table 3: TA estimation result for NPRACH repetition times=4
	Probability of TA estimation error within [-7*16Ts, 7*16Ts][Note 1]
	Frequency Offset(Hz)
	Required SNR(dB)

	
	
	N1=3，N2=1, w/ frequency offset compensation
	Good hopping pattern w/ frequency offset compensation

	90%
	100
	4
	2

	Note1:Ts=32.55ns,16Ts sampling interval, 36.104 Preamble detection requirement is used



 It can be observed that even in this case there will be 2dB performance difference. This will certainly have huge impacts on the UE with NPRACH repetition times >=4.
Observation 6：For UE with NPRACH repetition>=4 , the existence of uneven distribution of hopping direction will results in 2dB performance deterioration 
The deterioration of NPRACH detection will give rise to many serious issue, including NPRACH capacity, NPRACH  false alarm rate increase. In initial deployment, it was found this is a serious issue.

Observation 7：The deterioration of NPRACH detection will give rise to many serious issue, including NPRACH capacity, NPRACH  false alarm rate increase.
To fix the above issues, limitation of the hopping pattern can be adopted for non-anchor carrier for Rel-14, with the following details  :



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:   In Rel-14, it is proposed to limit the hopping pattern in non-anchor carriers.

4 Conclusions
In this contribution, we make the following observation and proposals:
Observation 1：When NPRACH Repetition times=2 
（1）Among all cell ID , there are 8.3% of cell in where all hopping patterns are ‘bad’ hopping pattern. For example, cell with celll ID = 22；
（2）For the remaining cells,   ‘bad’ hopping pattern exist with different occurrence probability, with more than 50% cells have ‘bad’ hopping pattern larger than 50%.
Observation 2 : When NPRACH Repetition times=4, 35% of cell has ‘bad ‘hopping pattern.
Observation 3: For NPRACH Repetition times=2，good hopping has 6dB performance gain over bad hopping pattern
Observation 4：For NPRACH Repetition times=4，good hopping has 5.5dB performance gain over bad hopping pattern
Observation 5：As much as four times NPRACH resources need to be provision for 92% UE with current hopping mechanism 
[bookmark: _GoBack]Observation 6：For UE with NPRACH repetition>=4 , the existence of uneven distribution of hopping direction will results in 2dB performance deterioration 
Observation 7：The deterioration of NPRACH detection will give rise to many serious issue, including NPRACH capacity, NPRACH  false alarm rate increase.

Proposal 1:   In Rel-14, it is proposed to limit the hopping pattern in non-anchor carriers.
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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
	35 km

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

	Frequency error
	100Hz

	Frequency drift
	22.5Hz/s

	Sample rate
	1.92MHz
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