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Introduction

Before the removal of PRACH frequency hopping in the last meeting, two PRACH frequency hopping regions, either in the top or the bottom to the PUCCH bandwidth. The motivation was to simplify PRACH frequency hopping pattern and to maximize the frequency diversity gain. With the decision on no hopping of PRACH preambles there is a need to define where the RACH region is located in the frequency domain. In this contribution we discuss different possibilities.
1. PRACH frequency location next to PUCCH
It has been agreed that PUCCH uses a reserved frequency regions for transmission. The PUCCH resources consists of number of resource blocks, at each edge of the transmission bandwidth, resulting in the frequency hopping at the slot boundary as illustrated in Figure1 below. 
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Figure 1: Uplink control signaling resources.
The number of resources assigned for PUCCH transmission within the cell can be even or odd, therefore in order to determine the PRACH allocation, bottom or up, the UE should know the system information about the uplink carrier bandwidth (or resource blocks) and the number of resources assigned for PUCCH transmission. In case of HO it is necessary to transmit these parameters in handover command message.
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Figure 2:  PRACH location next to PUCCH with even number of resources.
Pros: 
PUSCH segmentation is avoided as much as possible

Cons:
- PRACH frequency location is changed according the PUCCH assigned resources


- Following parameters shall be transmitted with PRACH parameters and explicitly signalled at HO: 



- Uplink bandwidth
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- PUCCH-resource-size

2. 
PRACH frequency location related to the middle carrier
When PRACH is next to PUCCH, its frequency location is changed based on system bandwidth and number of assigned PUCCH resources. An alternative is to fix PRACH location without additional signalling than the system bandwidth by considering PRACH location next to the middle carrier bandwidth as shown in Figure 3. It can be noted that such frequency location reduce the flexibility for the PUSCH allocation to the single UE. However this flexibility reduction can be solved since the eNB is allowed to schedule uplink data transmission on resource blocks that fall in the random access channel. As can be seen the critical issue is when RACH period is 1ms and 2ms corresponding to the higher system bandwidth as illustrated in Table 1
	System BW (MHz)
	RACH period (ms)

	1.4
	20

	5
	10

	10
	5

	15
	2

	20
	1 or 2


Table 1:  Typical PRACH period corresponding to each system bandwidth
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Figure 3:  Example of PRACH location next to the middle BW carrier.
Pros: 
No additional signalling required for the UE except system bandwidth
Cons:
PUSH allocation to single UE is less flexible 

Another possibility is to define PRACH location related to middle carrier bandwidth with carrier spacing as shown in Figure 4.
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Figure 4:  Example of PRACH location related to the middle BW carrier.
Carrier spacing can be fixed,  related to the system bandwidth in order to adjust/minimize PUSCH segmentation. This case can be seen similar to the case when PRACH is allocated next to PUCCH so the advantage is not clear since carrier spacing related to the middle carrier should be transmitted to the UE.
3. 
Multiple PRACH frequency location
Similar to the defined PRACH time slot configuration another alternative approach is to define multiple PRACH frequency locations configurable per cell. Indeed the design of the PRACH time slot configuration is based on the design to minimize the number of RA slots occurring in the same sub-frame among three cells within the same eNB as shown in the Figure 5 [1].
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Figure 5 [1]: PRACH time slots configurations
It assumes that the PRACH location is the same among the eNB’s cells. As can be observed, the collision of PRACH preambles is avoided among three cells except for the 20MHz system bandwidth. 

In case of PRACH frequency location configurable per cell, preamble collision may be avoided for all system bandwidth. In addition the number of PRACH configuration can be reduced, as illustrated in Table 2 and Table 3.  
	PRACH configuration
	System frame number
	Subframe number

	0
	Even
	1

	1
	Even
	4

	2
	Even
	7

	3
	Any
	1

	4
	Any
	4

	5
	Any
	7

	6
	Any
	1, 6

	7
	Any
	2 ,7

	8
	Any
	3, 8

	9
	Any
	1, 4, 7

	10
	Any
	2, 5, 8

	11
	Any
	3, 6, 9

	12
	Any
	0, 2, 4, 6, 8

	13
	Any
	1, 3, 5, 7, 9

	14
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9

	15
	Even
	9


Table 2:  Random access preamble timing assuming the same PRACH frequency location among cells
	PRACH configuration
	System frame number
	Subframe number
	System BW (MHz)

	0
	Even
	1
	1.4

	1
	Any
	1
	5

	2
	Any
	1, 6
	10

	3
	Any
	1, 4, 7
	15

	4
	Any
	1, 3, 5, 7, 9
	20

	5
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9
	20, high load


Table 2:  Random access preamble timing assuming the configurable PRACH frequency location among cells
However, although the number of PRACH configuration is reduced, the additional system information on PRACH frequency location within the cell would be required (e.g. in case of 3 PRACH frequency location 2 bit system information is needed).   

Pros: 
- Preamble collision may be avoided for all system bandwdth 


- Number of PRACH configuration reduced to 6 instead 16




Cons:
- Additional system information is required on PRACH frequency location within the cell 


Conclusion

In this contribution we list different alternatives in order to help the discussion to fix PRACH frequency location upon the decision on no hopping of PRACH preambles. These alternatives for PRACH frequency location are:

- next to bottom (or top) PUCCH region
- next (or related) to the middle carrier bandwidth
- multiple configurable location (one per cell) 
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