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1
Introduction

Based on discussion at the 3GPP TSG RAN WG3 #63bis meeting, following changes are proposed for the text in chapter 4.7 of TR 36.902 ‎[1]. The changes reflect also goals agreed for SON WI in the WID ‎[2].

2
Text modifications
*** Omitted part, kept unchanged ***
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*** Omitted part, kept unchanged ***
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, 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 obectives of a RACH optimization function is to:
1. Minimize access delays for all UEs in the system

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

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:

RACH configuration (resource unit allocation);


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:


small call setup delays


small data resuming delays from UL unsynchronized state


small 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.

4.7.2
Solution Description

4.7.2.1
Performance data, Input data and definition of Measurements 
4.7.2.1.1 
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 [x]. 
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Figure xx: RACH Procedure
The desired performance of RACH may be specified 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 specified 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 specified in terms of the access delay probability ADP(), which is the probability that the access delay is less than . 

Details and alternatives are FFS.

4.7.2.1.2 
Input Data

Potential input parameters are (details FFS):

RACH Configuration

Plausible input information for the automatic function may be estimates of access probability, access delay probability, and the PUSCH load.
RACH 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.

pRACH Configuration Index and 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 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 need to exchange information over the X2 interface with its neighbors for the purpose of RACH optimisation. An eNB may also need to communicate with the O&M in order to perform RACH optimization. 
4.7.2.1.3 
Definition of Measurements
The following input data is to be measured at the eNB 


Number of received RACH preambles

The definition of [Number of received RACH preambles]:


The number of received RACH preambles in a cell in a time interval. It is measured per preamble range (dedicated, random-low, random-high), and averaged over the PRACHs configured in a cell.
It is identified that UE measurements are necessary; their definition is FFS.

Note: Other measurements are FFS.
4.7.2.2
Output, influenced entities and parameters
Potential output parameters are:


RACH configuration (resource unit allocation);


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


RACH backoff timer parameter;


RACH transmission power control parameters;
pRACH configuration index; 

Root sequence index.
Exact list of parameters is FFS.
4.7.2.3
Impacted specifications, procedure interactions and interfaces
UE and eNB measurements are provided to the SON entity, which resides in the eNB. Details on measurements are FFS.

An eNB may need to exchange information over the X2 interface with its neighbors for the purpose of RACH optimisation. An eNB may also need to communicate with the O&M in order to perform RACH optimization. 
4.7.2.3.1
Stage 2 and stage 3 specifications
4.7.2.3.1.1
Stage 2 specification
4.7.2.3.1.2
Stage 3 specification

4.7.3
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.
*** Omitted part, kept unchanged ***
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