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1. Introduction

For the FDD mode 16 different PRACH configurations and 4 preamble formats have been agreed ‎[1]. However, since not all subframes are available for UL transmission in TDD, the PRACH configurations defined in ‎[1] do not apply directly to TDD. Further, for FDD, to signal the PRACH configurations and preamble format, 6 bits are required in total.  For the TDD mode on the other hand one additional PRACH preamble will be defined, in total 5 for TDD. Separate encoding would require 3 bits to encode the preamble plus 4 bits to encode the PRACH configuration resulting in 7 bits. However, it would be nice to maintain also for TDD 6 bit signaling overhead for PRACH configuration and preamble to a) minimize overhead and b) to present a unified interface to higher layers. 

The present contribution therefore proposes to jointly signal PRACH configuration and preamble format with 6 bits. This is easily possible since in TDD mode not all combinations of PRACH configurations and preamble formats make sense. Furthermore the contribution shows how to map PRACH slots to only UL subframes and different frequencies without extra signaling.

2. Joint encoding of PRACH configurations and preamble formats

The FDD mode of LTE currently specifies 16 different PRACH configurations. These 16 different PRACH combinations assemble 6 different PRACH densities (0.5 PRACH/10 ms, 1 PRACH/10 ms, 2 PRACH/10 ms, 3 PRACH/10 ms, 5 PRACH/10 ms, and 10 PRACH/10 ms) and multiple “versions” of each density if applicable. Version denotes here PRACH configurations with the same density but different subframe allocations. Different versions enables processing load distribution in an eNodeB PRACH receiver serving multiple cells and non-overlapping PRACH slots in neighboring cells.

For TDD it is also desirable to support a range of different PRACH densities together with different versions. Looking at above densities we note that 10 PRACH/10 ms is rather high and therefore propose not to support this in TDD. Preamble formats 1 and 3 are furthermore intended for very large cells where the expected density of users and thus also PRACH attempts is rather low, it is therefore proposed only to support up to 3 PRACH/10 ms for format 1 and 1 PRACH/10 ms for format 3. The lower limitation for format 3 is based upon the observation that 3 consecutive UL subframes are required for this preamble format and 2 PRACH/10 ms (in a TDM fashion without overlapping) require 6 consecutive UL subframes which are not available for typical TDD DL/UL ratios.

For each density 3 different versions are supported. In opposite to FDD – where different versions occupy different subframes – in TDD several versions may occupy the same subframes but different frequencies, for more details see Section ‎3. This gives in total 5x3 (format 0) + 4x3 (format 1) + 5x3 (format 2) + 2x3 (format 3) = 48 different combinations for preamble format 0 to 3. With 6 bit signaling 64 different combinations can be encoded leaving 64-48 = 16 combinations empty.  These 16 combinations are now used to encode preamble format 4 together with 5 different densities (0.5 PRACH/10 ms, 1 PRACH/10 ms, 2 PRACH/10 ms, 3 PRACH/10 ms, 5 PRACH/10 ms) and 3 versions resulting in 15 additional configurations. Table 1 summarizes the different PRACH configurations together with the preamble formats supported in TDD mode.  In the following we denote a combination of preamble format, PRACH density, and version as “extended PRACH configurations”.

	Extended PRACH
configuration
	Preamble
format
	PRACH
density per 10 ms
	Version number
	Extended PRACH configuration
	Preamble format
	PRACH
density per 10 ms
	Version number

	0
	0
	0.5
	0
	32
	2
	1
	2

	1
	0
	0.5
	1
	33
	2
	2
	0

	2
	0
	0.5
	2
	34
	2
	2
	1

	3
	0
	1
	0
	35
	2
	2
	2

	4
	0
	1
	1
	36
	2
	3
	0

	5
	0
	1
	2
	37
	2
	3
	1

	6
	0
	2
	0
	38
	2
	3
	2

	7
	0
	2
	1
	39
	2
	5
	0

	8
	0
	2
	2
	40
	2
	5
	1

	9
	0
	3
	0
	41
	2
	5
	2

	10
	0
	3
	1
	42
	3
	0.5
	0

	11
	0
	3
	2
	43
	3
	0.5
	1

	12
	0
	5
	0
	44
	3
	0.5
	2

	13
	0
	5
	1
	45
	3
	1
	0

	14
	0
	5
	2
	46
	3
	1
	1

	15
	1
	0.5
	0
	47
	3
	1
	2

	16
	1
	0.5
	1
	48
	4
	0.5
	0

	17
	1
	0.5
	2
	49
	4
	0.5
	1

	18
	1
	1
	0
	50
	4
	0.5
	2

	19
	1
	1
	1
	51
	4
	1
	0

	20
	1
	1
	2
	52
	4
	1
	1

	21
	1
	2
	0
	53
	4
	1
	2

	22
	1
	2
	1
	54
	4
	2
	0

	23
	1
	2
	2
	55
	4
	2
	1

	24
	1
	3
	0
	56
	4
	2
	2

	25
	1
	3
	1
	57
	4
	3
	0

	26
	1
	3
	2
	58
	4
	3
	1

	27
	2
	0.5
	0
	59
	4
	3
	2

	28
	2
	0.5
	1
	60
	4
	5
	0

	29
	2
	0.5
	2
	61
	4
	5
	1

	30
	2
	1
	0
	62
	4
	5
	2

	31
	2
	1
	1
	63
	For future use


Table 1: Joint signaling of extended PRACH configurations.

3. Mapping of PRACH slots to subframes and frequencies

In the FDD part of the LTE specifications PRACH configurations describe the mapping of PRACH resources to subframes. In TDD the location and number of UL subframes depends on the allocation of subframes to UL and DL. In order to make the mapping independent of actual location of UL subframes it is proposed as a first step to define the mapping between PRACH resources and UL subframes rather than subframes.  

As stated in Section ‎2 denote version different PRACH opportunities with the same density per 10 ms. Different versions are useful to spread out processing load in an eNodeB PRACH receiver that serves multiple cells or to create non-overlapping PRACH slots in neighboring cells. In order to achieve the first – spreading out of processing load – different versions need to be allocated to different UL subframes rather than different frequencies. The second goal – non-overlapping PRACH slots – is possible with both PRACH slots separated in time or frequency. It is therefore proposed to separate the different versions of PRACH configurations with the same density always first in time (i.e. different versions are allocated to non-overlapping subframes) and only in case of insufficient number of UL subframes to revert back to frequency-domain separation. 

To derive a systematic mapping of PRACH configurations to UL subframes and frequency we start by calculating the maximum number of PRACH slots that can be placed non-overlapping within a PRACH period only using time-domain separation. Here PRACH period is 10 ms for all PRACH densities except 0.5 PRACH/10 ms where the period is 20 ms. The number of UL subframes within the PRACH period is L. Figure 1 shows all UL subframes within the PRACH period.
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	Figure 1: One PRACH period contains L UL subframes.


The number of subframes allocated to each PRACH slot is M. The considered extended PRACH configuration has a density of D PRACH opportunities within the PRACH period. The gaps Δ1 and Δ2 are the numbers of UL subframes between two consecutive PRACH slots and the number of UL subframes left after the last PRACH slot, respectively. R denotes the number of different versions that exist of the given extended RA configuration. The number N of PRACH slots that can be placed non-overlapping within each PRACH period becomes now 
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and the length of the gaps Δ1 and Δ2  becomes 
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If N is equal to R∙D all D PRACH slots of all R different versions can be allocated to different subframes. However, in case that N is smaller than R∙D not all slots of all versions can be separated in time and we have to revert back to frequency-domain separation. 

More generally PRACH opportunity k (i.e. the k-th opportunity out of the D available opportunities) of version l (i.e. l-th version out of R versions) starts at UL subframe 
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within the PRACH period (assuming the UL subframe numbering starts with 0 in each period) and is mapped to frequency region
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The number NBW/RA denotes the number of different PRACH frequency regions. The frequency regions allocated for PRACH could theoretically be spread out over the system bandwidth. However, following the argumentation in ‎[2] it is proposed to allocate the first PRACH frequency just inside the PUSCH frequency edge and to allocate the required additional frequencies just inside the previous one as demonstrated in Figure 2. From one PRACH opportunity to the next all frequencies hop to the other band edge of PUSCH.
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	Figure 2: Multiple PRACH frequency bands are allocated at the band edges of PUCCH and hop in frequency. PRACHx denotes the x-th PRACH frequency.


4. Conclusions

This contribution suggests to jointly signal PRACH configurations and preamble format for TDD.  It is proposed to agree upon:

· The extended PRACH configurations listed in Table 1
· PRACH slots should be distributed in time first and only if not enough UL subframes are available multiple PRACH slots should be placed with the same UL subframes at different frequencies

· The mapping between PRACH slots and subframes should be expressed in terms of UL subframes

· The frequencies bands allocated to PRACH should be placed at the band edges of PUCCH according to Figure 2
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