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Introduction

It has been agreed to
allow frequency hopping of the PRACH with only one frequency hopping pattern common to all cells. In addition sixteen PRACH slot configuration has also been agreed with maximum random access period of 20ms.

In this contribution we propose soft combining for RACH retransmission and compare it’s gain with the gain of RACH retransmission with frequency hopping . 

Discussion
The purpose of frequency hopping for RACH has been introduced to increase the detection performance of preamble retransmission through frequency diversity as shown in Figure 2.
When combining is used, the samples received during the current RACH slot and the previous RACH slot are added at the receiver side before the energy detection. . The addition causes destructive interference for the noise samples whereas the signal samples are added coherently. A UE is more likely to be detected at its second transmission when combining is used because the signal-to-noise ratio is higher.
The only impact of combining on the standard is that the UEs must keep the same signature during the retransmissions. As shown in Annex, this does not change the probability of collision. One possible implementation is to use combining only for preambles that have not been detected during the last RACH slot. Figure 1 shows the principle of combining.

[image: image1]
Figure 1: Combining chart

A memory is used between the IFFT and the energy detector. The sum of the current and the previous samples is kept in memory. The output of the IFFT is applied to the energy detector. If a preamble is detected, the preamble transmission is successful. If no preamble is detected, the energy detector is applied to the samples saved in memory.

The gain of frequency hopping and soft combining are shown in Figure 2 below (see Annex for further information on principle and detection method) for 3Km/h and cell size of 700m. Details on the simulations can be found in the annex
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Figure 2: Gain of soft combining at 2nd transmission
As can be seen the gain of Soft combining is similar or slightly better than the gain of frequency hopping. The use of soft combining can avoid to change the frequency at each RACH transmission and therefore make HO operation simpler because there is no need to read the SFN to detect in which frequency the preamble has to be transmitted.

Conclusion

It is proposed to use the soft combining for RACH which provide similar gain than frequency hopping in the detection of RACH preamble retransmission. It would be very useful for the BW where the frequency hopping of RACH is not possible.
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Annex

Simulation Scenario and Parameters
One UE is dropped randomly within the cell area. It sets its transmit power to achieve a target EP/N0. The attenuation (pathloss and shadowing) between UE and NodeB is supposed to be perfectly estimated. The transmit signal is affected by the TU-6 channel and then received at NodeB. The issue of detection (detected or not) is used to measure global statistics. The next table gives all the parameters used for the simulations.

	System Bandwidth
	5 MHz

	Number of Root Sequences /Cell
	1

	Number of CS /Root
	64

	Number of users /Cell
	1

	Number of cells
	1

	Max number of transmissions
	3

	Cell Radius
	0.7 km

	Cell Shape


	hexagonal

	False Alarm Rate
	0.01

	Channel Model / Link budget
	TU-6 / 25.814

	Estimation errors
	None

	Velocity
	3 km/h

	TX / RX antennas
	1 / 2

	Preamble period
	10 ms

	Preamble bandwidth
	6*180 kHz = 1080 kHz


	Preamble design
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	Frequency hopping pattern
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Detection method 
The detection method used at the receiver side is described in [1].
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Figure 3: Detection method
The received signal on each antenna is demodulated, transformed in frequency domain, demapped, multiplied by each signature, and then transformed back in time domain (See Figure 1 and Figure 3). The energy detector estimates noise power, sets the detection threshold, and makes a decision.

To estimate noise power, the samples after the IFFT are compared to Threshold A. For each root sequence used, noise power is estimated over the samples lower than Threshold A. Threshold B (the detection threshold) is set by the estimated noise power plus an offset value (this offset is chosen to achieve a 1% global false alarm probability).

For each sample, the energy received on each antenna is added and compared to Threshold B. If the energy of one sample exceeds Threshold B, the corresponding preamble is detected.

Probability of collision
Here we assume only 2 UEs. The result is the same for 3 or more UEs.
< Without combing: UE select one sequence randomly >
At each transmission, two UE select a sequence randomly.
If we observe one sequence, a collision occurs in only one case (e.g. (1, 1) if we observe 1st sequence). Let k be the index of the observed sequence.
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The collision probability is the same for the 64 sequences. Finally, the global collision probability is:
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< With combing: UEs must keep the same signature for all retransmissions >
At first transmission, two UE select a sequence randomly. The collision probability is the same than w/o combing. 
At second transmission, we assume:

· 1st UE succeeded at 1st transmission
· 2nd UE failed at 1st transmission and tries to re-access at 2nd RACH slot.
· 3rd UE appeared after 1st RACH slot and tries to access at 2nd RACH slot. 
In this situation:

· 2nd UE uses a reserved sequence (the sequence of 1st transmission). Let k be the index of this sequence.
· 3rd UE selects a sequence randomly. 

If we observe the 
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-th sequence (reserved), a collision happens in only one case.
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If we observe the 
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-th sequence, a collision cannot happen.
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Finally, the collision probability of all sequences is:
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