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1
Introduction
RAN4#78 agreed the simulation assumption for PRACH reception requirement for Cat-M1 UE [1]. We show our simulation result in this contribution.
2
Discussion
Table 1 is the agreed PRACH simulation parameter for Cat-M1 UE [1]. The difference from the legacy PRACH requirement is to consider the repeated transmission and frequency hopping. 
Table 1
PRACH simulation parameter.
	Parameters
	Values

	PRACH format
	Format 0, Format 1, Format 2, Format 3

	Propagation conditions
	AWGN, EPA1

	Number of TX antennas
	1

	Number of RX antennas
	2,[4,8]

	Antenna correlation
	Low

	Noise model
	AWGN

	Timing offset
	Randomly in the range of [0~1]us.

	Repetition level
	Baseline:
Format 0 and Format 1: {8,32}
Format 2 and Format 3: {4,16}

	Number of signatures reserved for Cat-M UEs
	16

	Frequency offset
	0Hz for AWGN, [270]Hz for EPA1

	Frequency hopping
	ON


2.1
PRACH configuration index

If we consider the repetition, it is important to consider which PRACH configuration index is used. When RAN1 studied the PRACH repetition for coverage enhancement, they assumed coherent accumulation of all repetitions and non-coherent accumulation over received antennas. 
Consider PRACH with 8 repetitions. For Configuration 14, it is allowed to transmit in all the subframes. In this configuration, UE can transmit PRACH with 8 consecutive subframes. For Configuration 12, the allowed subframes are 0,2,4,6,8 subframes; UE transmit 8 PRACH preambles on every another subframes. For Configuration 9, the allowed subframes are only 1,4,7, and therefore UE transmits 8 PRACH preambles on the subframes (See Figure 1). 
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Figure 1
Repeated PRACH preamble transmission schedule.
From the figure, it is observed that the configuration 9 takes about 2.5 times longer than configuration 14 to receive 8 repeated PRACH preambles, and this difference affects to the reception performance. Since RAN4 requirement is the minimum requirement, we perform the simulation with the worst condition for the coherent combining, that is, one PRACH occasion per 1ms as shows in Table 2. 
Table 2
PRACH configuration index (FDD) in the simulation assumption
	
	PRACH configuration index

	PRACH format 0
	3

	PRACH format 1
	19

	PRACH format 2
	35

	PRACH format 3
	51


2.2
Timing offset

This is a copy from TS36.104 PRACH detection requirements:
The probability of detection is the conditional probability of correct detection of the preamble when the signal is present. There are several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. For AWGN, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 1.04us. For ETU70, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 2.08us. The strongest path for the timing estimation error refers to the strongest path (i.e. average of the delay of all paths having the same highest gain = 310ns for ETU) in the power delay profile.
The purpose of timing offset model in TS36.141 is to test a timing estimation error in eNB. For PRACH test, we think a known timing must be used to be able to measure the timing estimation error from one UE. If an unknown timing occurs randomly between 0 to 1us, it just gives an estimation error of 1 us/2 = 0.5 us in average, and that is about half of the tolerance (1.04 us) for the AWGN case. On the other hand the existing LTE requirement uses a known pattern. We think the timing offset model is not different between legacy LTE including Cat-0 UE and Cat-M1 UE. Therefore we propose to use the same timing offset model as LTE for Cat-M1 PRACH requirement also. 
Additionally the timing should be equal for all repetitions to simulate an AWGN case. Variations of 1 us between the repetitions will in fact be a rather time dispersive channel.
Proposal 1: PRACH reception requirement should use the same timing error model as the existing LTE requirement. Also the same timing offset should be used during the repetition. 
2.3
Number of preambles
In the simulation assumption we restricted the number to 16. On the other hand, the existing LTE requirement does not limit the number of preambles. Because it is the minimum requirement we don’t want any restriction for the number of preambles. Therefore we propose not to limit the number of PRACH preambles as same as the existing LTE PRACH requirement. 
Proposal 2: PRACH reception requirement for Cat-M1 UE should not have any limitation for the number of PRACH preambles. 

3
Simulation results
Table 3 and Table 4 shows the simulation results, where Table 3 assumes frequency hopping but Table 4 disables frequency hopping. We can observe from the results that there is no performance due to frequency hopping for the static channel condition. Therefore we propose not to enable frequency hopping for AWGN case. 
Proposal 3: Disable frequency hopping for AWGN test case and Enable frequency hopping for fading propagation channel test case. 

Table 3
Simulation result with frequency hopping.
	Number of RX antennas
	Propagation conditions and

correlation matrix (Annex B)
	Frequency offset
	Number of Repetitions
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1
	Burst format 2
	Burst format 3

	2
	AWGN
	0
	4
	-
	-
	-23.7
	-23.5

	
	
	
	8
	-24.1
	-23.7
	-
	-

	
	
	
	16
	-
	-
	-27.8
	-27.6

	
	
	
	32
	-28.1
	-27.6
	-
	-

	
	EPA1 Low
	[270] Hz
	4
	-
	-
	-18.3
	-17.8

	
	
	
	8
	-19.0
	-18.1
	-
	-

	
	
	
	16
	-
	-
	-22.5
	-22.4

	
	
	
	32
	-24.0
	-23.1
	-
	-


Table 4
Simulation result without frequency hopping
	Number of RX antennas
	Propagation conditions and

correlation matrix (Annex B)
	Frequency offset
	Number of Repetitions
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1
	Burst format 2
	Burst format 3

	2
	AWGN
	0
	4
	-
	-
	-23.8
	-23.5

	
	
	
	8
	-24.2
	-23.7
	-
	-

	
	
	
	16
	-
	-
	-27.7
	-27.5

	
	
	
	32
	-28.0
	-27.5
	-
	-

	
	EPA1 Low
	[270] Hz
	4
	-
	-
	-14.5
	-14.0

	
	
	
	8
	-15.4
	-14.7
	-
	-

	
	
	
	16
	-
	-
	-19.9
	-19.7

	
	
	
	32
	-21.8
	-20.8
	-
	-


4
Conclusion
Proposal 1: PRACH reception requirement should use the same timing error model as the existing LTE requirement. Also the same timing offset should be used during the repetition. 
Proposal 2: PRACH reception requirement for Cat-M1 UE should not have any limitation for the number of PRACH preambles. 

Proposal 3: Disable frequency hopping for AWGN test case and Enable frequency hopping for fading propagation channel test case. 
5
References
[1] R4-161227, “Cat-M PRACH Simulation Assumptions”, Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Ericsson, Huawei, Hisilicon.
3

