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Annex H:
Examples of RACH/PRACH Configuration

This appendix illustrates examples of RACH/PRACH configurations in a cell.

H.1
Principles of RACH/PRACH Configuration

In one cell, several RACHs and PRACHs may be configured by an operator, in order to meet the performance requirements in regard to the expected traffic volume. The model of RACH and PRACH described in TS 25.302 defines a one-to-one mapping between a certain RACH and a PRACH.

The RACHs mapped to the PRACHs may all employ the same Transport Format and Transport Format Combination Sets, respectively. It is however also possible that individual RACH Transport Format Sets are applied on each available RACH/PRACH. The parameters that define pairs of RACH and PRACH are specified in TS 25.331, in the information element "PRACH system information list". 

The "PRACH system information list" IE defines sets of "PRACH system information", one for each pair of RACH and PRACH that shall be configured in a cell. The "PRACH system information list" IE is included in SIB 5 and SIB 6. The total number of configured RACH/PRACH pairs corresponds to the sum of PRACH system information multiplicity factors used in both SIB5 and SIB 6.

A PRACH could therefore be defined in a pragmatic way simply as a common uplink physical channel which is indicated in system information. It is straightforward for the UE to count the indicated RACH/PRACH pairs, perform a selection and configure itself for accessing the selected channel. There are however some restrictions on the choice of parameters to be included in PRACH system information. Restrictions are especially due to the requirement that the PRACH receiver in the Node B must be capable to identify unambiguously on which PRACH a random access is received. This is necessary to perform the mapping of the decoded PRACH message part to the correct RACH transport channel associated with the PRACH. For complexity reasons it is furthermore a desired feature that PRACH identification in FDD mode is completed in the preamble transmission phase in order to decode the PRACH message part which follows the preamble, as generally there might be different transport format parameters defined on each RACH.

Taking into account the above requirements, the RACH/PRACH model allows to configure different PRACHs in the following two ways:

1.
For each PRACH indicated in system information a different preamble scrambling code is employed in FDD and a different timeslot is employed in TDD. For each PRACH, sets of "available signatures" in FDD or “available channelisation codes” in TDD, and "available subchannel numbers" are defined in the "PRACH info (for RACH)" Information Element in TS 25.331. Any PRACH with an individual scrambling code in FDD or individual timeslot in TDD may employ the complete or a subset of signatures in FDD or channelisation codes in TDD, and subchannels. 

2.
Two (or more) PRACHs indicated in system information use a common preamble scrambling code in FDD and common timeslot in TDD. In this case each PRACH shall employ a distinct (non-overlapping) set of "available signatures" in FDD or “available channelisation codes” in TDD, and "available subchannel numbers" in order to enable Node B to identify from the received random access signal which PRACH and respective RACH is used.

Figure H.1 for FDD and H.2 for TDD show examples of suitable RACH/PRACH configurations for one cell. The upper part of the figure illustrates the one-to-one mapping between a RACH and a PRACH. In FDD each RACH is specified via an individual Transport Format Set (TFS). The associated PRACH employs a Transport Format Combination Set (TFCS), with each TFC in the set corresponding to one specific TF of the RACH. In TDD each RACH/PRACH combination supports a single TF with the associated TFS. The maximum number of PRACH per cell is currently limited to 16. The maximum number of RACHs must be the same due to the one-to-one correspondence between a RACH and a PRACH.

With each PRACH, in FDD a scrambling code is associated, and in TDD a single timeslot is associated.. TS 25.331 allows to address 16 different scrambling codes in FDD. Also, to each PRACH a set of "available subchannels" and "available signatures" in FDD or “available channelisation codes” in TDD is assigned.

For each PRACH a set of up to eight "PRACH partitions" can be defined for establishment of Access Service Classes (ASCs). A PRACH partition is defined as the complete or a subset of the "available signatures" in FDD or “available channelisation codes” in TDD, and "available subchannel numbers" defined for one PRACH. An ASC consists of a PRACH partition and a persistence value. PRACH partitions employed for ASC establishment may be overlapping (note that Figure H.1 and H.2 only illustrates cases of non-overlapping PRACH partitions). 

PRACH 0 and PRACH 1 in Figure H.1 employ the full set of PRACH subchannels and preamble signatures and are identified by using different preamble scrambling codes. Similarly in figure H.2 PRACH 0 & 1 employ the full set of PRACH subchannels and channelisation codes and are identified by using different timeslots. 

PRACH 2 and PRACH 3 illustrate a configuration where a common scrambling code in FDD (figure H.1) and a common timeslot timeslot in TDD (figure H.2) but distinct (non-overlapping) partitions of "available subchannels" and "available signatures" in FDD and “available channelisation codes” in TDD are assigned. This configuration in FDD may e.g. be appropriate for establishment of two RACH/PRACH pairs, one with 10 and the other with 20 ms TTI.
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Figure H.1: Examples of FDD RACH/PRACH configurations in a cell
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Figure H.2:  Examples of TDD RACH/PRACH configurations in a cell

Note 1: ASC partitions by subchannel are possible but not shown
Note 2: TDD example shows 8 subchannels. In TDD 1, 2, and 4 subchannels are also possible. Description of TDD subchannels can be found in 25.224.
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