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1. Introduction

To provide frequency diversity among different PRACH access, hopping was agreed with a hopping pattern common to all cells.  This contribution discusses the frequency location and hopping pattern of the PRACH.
2. PRACH Frequency Location
The agreed time slot configurations of the PRACH are shown in Table 1.  However, its frequency location has not been determined.  In 36.211, the PRACH frequency location is specified by the parameter kRA which is expressed as a resource block number configured by higher layers.   A simple implementation may be to always place the PRACH adjacent to the PUCCH regions either in the top or bottom half of the bandwidth as shown in Figure 1 below.  This avoids segmentation of the PUSCH as much as possible and can also limit interference to the PUCCH since PRACH transmission power is typically low.  In addition, typically there is either no transmission or only 1 UE transmitting a preamble in the PRACH even with support for dedicated preambles.  With this approach, only two possible PRACH locations need to be defined.  In addition, since the UE needs to know about the PUCCH region to avoid transmitting SRS in the PUCCH, the parameter kRA may be implicitly determined.
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Figure 1.  Possible PRACH frequency locations.
An alternative approach is to define multiple PRACH frequency locations similar to the defined time slot configuration that can be selected by the eNB.  However, the advantage for eNBs to have different PRACH frequency locations is not clear since they may not be time-synchronized anyway. 

Recommendation: For FDD, two possible PRACH frequency locations adjacent to the PUCCH regions are defined.
3. PRACH Hopping Pattern Period
In RAN2, it has been agreed that during handoff, UEs will receive PRACH parameters of the target cell from the serving cell.  Since the hopping pattern may depend on the SFN, UE will also need this information.  However, the UE may not know the SFN of the target cell due to delay in the X2 interface and timing drift if target cell parameters are infrequently exchanged.  To get the SFN, UE will then need to read the P-BCH of the target cell which is not desirable since this can add significant amount of delay.  To overcome this limitation, two options are possible –
· Option 1: PRACH hopping pattern repeats every 10ms.  In this case, knowledge of SFN is not required.  However, there will be no frequency hopping for PRACH slot configurations 0-5 and 15 which have periods of 20 and 10 ms.  However, time diversity is still possible depending on channel coherence time.  For UEs with vehicular speed greater than 15 km/h, the coherence time is usually small enough that the good time diversity is possible every radio frame.
· Option 2: PRACH hopping pattern repeats every 40ms.  In this case, there is a need to obtain 40ms P-BCH frame boundary.  This can be done by either (1) phase modulation on S-SCH [4] or (2) extension of RS periodicity to 40ms [3].  Both methods have disadvantages, mainly in increased complexity and performance/accuracy degradation.  In general, it is not preferred but may be considered if analysis shows no significant impact on complexity and performance.
Recommendation: PRACH hopping pattern repeats every 10ms.  Extending the period to 40ms may be considered if analysis shows no significant impact on complexity and performance associated with 40ms boundary detection.
4. PRACH Hopping Pattern
A simple hopping pattern is proposed here based on the two possible frequency locations of the PRACH – PRACH alternately hops between the two possible frequency locations for the duration of the hopping period.  That is, PRACH hops between the top half and bottom-half of the bandwidth for the duration of the hopping period.  Three illustrative examples are shown in Figure 2 - Figure 4 for different time slot configurations and hopping pattern periods.  Note that for system bandwidth below 10MHz, there is no discernable advantage to allow more than two frequency locations.  In addition, at the expected false alarm and detection rates of 0.1%, having two uncorrelated frequency regions should be sufficient.
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Figure 2.  Example of PRACH hopping - slot configuration 3, hopping pattern period of 40 ms
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Figure 3.  Example of PRACH hopping - slot configuration 9, hopping pattern period of 10 ms.
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Figure 4.  Example of PRACH hopping - slot configuration 13, hopping pattern period of 10 ms.

Recommendation: PRACH alternately hops between the two possible frequency locations.
5. Conclusions

In this contribution, frequency location and hopping pattern of the PRACH are discussed.  It is recommended that –

· For FDD, two possible PRACH frequency locations adjacent to the PUCCH regions are defined.

· PRACH hopping pattern repeats every 10ms.  Extending the period to 40ms may be considered if analysis shows no significant impact on complexity and performance associated with 40ms boundary detection.

· PRACH alternately hops between the two possible frequency locations.
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Table 1.  PRACH Slot Configurations (FDD).

	RA slot 

Configuration
	RA period

(sub-frames)
	RA sub-frames

	0
	20
	1

	1
	20
	4

	2
	20
	7

	3
	10
	1

	4
	10
	4

	5
	10
	7

	6
	5
	1

	7
	5
	2

	8
	5
	3

	9
	10
	1, 4, 7

	10
	10
	2, 5, 8

	11
	10
	3, 6, 9

	12
	2
	0

	13
	2
	1

	14
	1
	0

	15
	20
	9






























































































































































































































































