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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 settings, making this 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 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, 
· 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. 
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 objectives of a RACH optimization function are:

a.)
Minimize access delays for all UEs in the system

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

b.)
Minimize UL interference due to RACH 
· Too high power causes unnecessary interference to other eNBs.

Secondary objective is furthermore:

c.)
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:
· PRACH configuration index (resource unit allocation and format) [3];

· RACH preamble split (among dedicated, random-high, random-low) [5];

· RACH backoff parameter value [6];

· PRACH transmission power control parameters [8].
The exact set of parameters to be optimized by the RACH Optimization function is outside the scope of this technical report. 
4.7.3 
Expected results

Reduction in access delay, 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

Optimisation on the amount of UL resource unit reserved for RACH which brings a positive System Capacity impact.

4.7.4
Solution Description

4.7.4.1
Performance data, Input data and definition of Measurements 
4.7.4.1.1 
Performance Specification
The UE performs a power ramping procedure, where the UE increases its power for the subsequent preamble transmission if the UE is not granted access due to a preamble detection miss or contention, as described in [6]. 

[image: image1.png]Random Access *  Timing

Advance/
Power esponse
Power  Ramp Step on PDCCH assoc c;!\%r;mem(m)
Ramp Step l o ith RA-RNTI) + Uplinkgrant
¥ eamble value
- -5l Received
Preamble _, - t Target Power
Initial Received f
TargetP Time
TTI Window + T [TTI Window]
Preamble 1Ba°k°ﬁ 5 3 <Preamble Random Access
Transmission

Trans Max procedure successfully
Counter completed




Figure 4.7.4.1.1-1: RACH Procedure
The desired performance of RACH may be expressed in terms of the access probability AP(m), which is the probability that the UE has access after a certain random access attempt number m=1,2,3…. 

Alternatively, the desired performance may be expressed in terms of the access delay, which is the delay from the initial random access attempt until access is granted. Similar to above, the RACH performance may be expressed in terms of the access delay probability ADP(), which is the probability that the access delay is less than . 

Details and alternatives are FFS, although it is noted that ADP is more appropriate since it explicitly takes into account the delay involved in the random access procedure as discussed in the objectives of RACH optimization (section 4.7.2).

4.7.4.1.2 
Input Data

Potential input parameters to set the following RACH related parameters are as follows:

PRACH Configuration Index
Plausible input information for the automatic function may be estimates of access probability, access delay probability, and the PUSCH load.
PRACH Transmission Power Control Parameters

Relevant input information for the automatic function may include the access probability and/or access delay probability estimates, and uplink inter-cell interference. Further, since the uplink interference may change on a fast cycle it is beneficial for the automatic RACH optimization function to be responsive and act immediately to changes in interference.

RACH Backoff Parameter

Suitable input information for the automatic function may include the access probability and momentary RACH load.

RACH Preamble Split

Each cell can measure the incoming handover rate. Further, at handover the target cell also sets the "handover failure timer T304", which determines for how long dedicated pre-ambles are locked and this has an impact on the number of dedicated preambles needed.

Root Sequence Index

These indexes are used to choose the code sequences for the RACH attempts. These may be useful in avoiding RACH collisions when the same time and frequency resource gets reused in neighbouring cells, and for calculating the interference caused in the RACH area in an eNB. For the purpose of calculating interference, this may be also done using dedicated preambles as there is no need of reserving additional root sequences for this purpose.

An eNB may exchange information over the X2 interface with its neighbors for the purpose of RACH optimisation. An eNB may also communicate with the O&M in order to perform RACH optimization. 
4.7.4.1.3 
Definition of Measurements

Reporting Entities

RACH optimization functions need to estimate AP(m) or ADP(m), in order to set RACH parameters, e.g., configuration and transmission power control parameters. AP and ADP depend on CP and DMP. Although it may be possible to estimate the CP by, e.g., using the number of received preambles and number of UEs that have obtained access, it is not possible to estimate DMP using only measurements available at the eNodeB. An undetected preamble is simply a correlation peak below the detection threshold and is, therefore, classified as noise at the eNodeB detector. Hence, it is needed that UEs report necessary information needed to estimate AP and ADP.

To estimate AP, it is necessary that the UE reports the number of attempts needed to obtain access (see PREAMBLE_TRANSMISSION_COUNTER in [6]). Note, that the UE ramps up its power (increments PREAMBLE_TRANSMISSION_COUNTER) also when the UE has not been granted access due to loosing the contention resolution process. In order to derive accurate estimates of DMP, it may be necessary to exclude random access procedures that have been subject to contention failures (i.e., reports where the transmission counter has been increased due to contention failure). This is indicated using a single bit, where the UE indicates whether it has been subject to contention during the random access procedure.
The details of the UE reporting procedure is captured in [5]. The network may poll for the UE report after a successful random access procedure (see UEInformationRequest) and the UE responds with the number of preambles sent by MAC for the last successfully completed random access procedure and whether contention is detected by MAC for at least one of the transmitted preambles for the last successfully completed random access procedure (see UEInformationResponse).
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4.7.4.2
Output, influenced entities and parameters
Potential output parameters are:

· PRACH configuration index (resource unit allocation and format);

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

· RACH backoff timer parameter;

· PRACH transmission power control parameters;

· 
· Root sequence index.

4.7.4.3
Impacted specifications, procedure interactions and interfaces
UE and eNB measurements are provided to the SON entity, which resides in the eNB. Details on UE measurements are specified in [5].

An eNB exchanges information over the X2 interface with its neighbors for the purpose of RACH optimisation. The PRACH Configuration is exchanged via the X2 Setup and eNB Configuration Update procedures.
An eNB may also need to communicate with the O&M in order to perform RACH optimization. 

4.7.4.3.1
Stage 2 and stage 3 specifications
4.7.4.3.1.1
Stage 2 specification
The use case is described in [2].
4.7.4.3.1.2
Stage 3 specification
The necessary support is specified in [5] and [7].
4.7.5
O&M requirements

Operators may be able to configure the initial planned RACH configuration. The related parameters may be modified based on operator’s policies. The RACH performance target may also be set via O&M.

While algorithms for RACH optimization are located in the eNB, in order to enable RACH optimization:

· The relevant RACH parameters should be autoconfigurable by the eNB. 

· OAM should be able to configure value ranges for these parameters, 

· eNB should be able to operate within the configured ranges using proprietary algorithms for RACH optimisation. 

While the exact list of parameters is FFS because it may be more optimal to keep certain entities within the eNB, the following are candidates for this set:

· preambleInitialReceivedTargetPower
· powerRampingStep
· preambleTransMax
· ContentionResolutionTimer
How eNB makes use of the list of values of the above parameters to affect the used value of these parameters will be subject to eNB implementation. 

Any specified OAM mechanism shall make sure that the optimization function residing in the eNB is not constrained by the configured parameters in a way that performance of the SON mechanism is jeopardized or limited. 

Note: Any specified OAM mechanism shall make sure that the range of values provided are adequate for the efficient performance of the optimization function residing in the eNB.
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