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4.7
RACH Optimisation

4.7.1
Use Case description

The RACH configuration has critical impacts to system performance:

The RACH collision probability is significantly affected by the RACH configuration and number of  preambles available, making the  RACH parameters configurations a critical factor for call setup delays; data resuming delays from the UL unsynchronized state, and handover delays. It also affects the call setup success rate, uplink bearer delays,  and handover success rate.

Since UL resource units need to be reserved exclusively for RACH, the amount of reserved resources has impacts on the system capacity;

A poorly configured RACH may also result in low preamble detection probability and limited coverage.

Therefore, RACH parameter optimisation provides significant benefits to the deployed network. 

The setting of RACH parameters depends on a multitude of factors, e.g.: 

· the uplink inter-cell interference from the Physical Uplink Shared Channel (PUSCH), 

· RACH load (call arrival rate, HO rate, tracking area update,  scheduling requests and PDCCH Orders,
· Cell coverage (cell radius) as it effects PRACH format, root sequences, cyclic shifts, and configuration index  selection,
· traffic pattern and population under the cell coverage as it affects the UL synchronization states and hence the need to use random access), 

· PUSCH load, 

· the cubic metric of the preambles allocated to a cell, 

· whether the cell is in high-speed mode or not, 

· uplink (UL) and downlink (DL) imbalances. 

· Root Sequence of  neighbor cells
Since these are affected by network configuration (e.g., antenna tilting, transmission power settings and handover thresholds), any change in these configurations would also affect the optimum RACH configuration. For example, if the antenna tilting of a cell is changed, the coverage of cells in the vicinity will be changed, consequently affecting the call arrival rate and handover rate at each cell. This will affect the amount of RACHs in each cell, including the usage per range of preambles. Then, the operator will have to check the RACH performance/usage in each cell and detect any problems on RACH associated with the applied changes. If required, it may further trigger some adjustments in RACH configuration. Measurements on the RACH performance/usage are needed to be collected at a SON entity.  

An automatic RACH optimization function monitors the prevailing conditions, e.g., a change on RACH load, uplink interference, and determines and updates the appropriate parameters.

4.7.2
Objective

The primary obectives of a RACH optimization function is to:

1. Minimize access delays and dedicated preamble blocking for all UEs in the system

· Incoming probe must have sufficient power for the eNB to detect.

· Enough dedicated preambles must be available to support  handovers.
· Enough resources to minimize collisions must be available
2. Minimize UL interference due to RACH and PUSCH

· Too high power causes unnecessary interference to other eNBs.

Secondary objective is furthermore:

3. Minimize interference among RACH attempts

· Configure neighbouring cells to minimize sequence/frequency overlaps.

· Choose call parameters to account for mobile velocity (high speed [≥ 300kph] vs. Normal).

Consequently, the RACH optimization function will attempt to automatically set several parameters related to the performance of RACH, for example:


Non-colliding RACH configuration (resource unit allocation);

Non-colliding Root Sequence selection

RACH preamble split (among dedicated, random-high, random-low);


RACH backoff parameter value;


RACH transmission power control parameters.

The exact set of parameters to be optimized by the RACH Optimization function is FFS. 

4.7.3 Expected results

Reduction on RACH collision probability, which results into:

     short call setup delays

      short data resuming delays from UL unsynchronized state


short handover delays


high call setup success rate


high handover success rate

RACH parameters are automated by the RACH SON function to relieve the Operator from the burden  of manually having to set them.
Optimisation on the amount of UL resource unit reserved for RACH which brings a positive System Capacity impact.
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