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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]. 
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Figure 4.7.2.1.1-1: 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 . 

Alternatively, the desired performance may be specified in terms of the Access Utilization target for the cubic metric which can provide an estimate of blocking and delay.

Details and alternatives are FFS.

4.7.4.1.2 
Input Data

Potential input parameters are (details FFS):


4.7.4.1.2.1 O&M Config Data
- Frame Structure Type (1-2) [  ]
The Frame Structure Type (including UL/DL configuration for type 2) is used to determine Preamble format and used in part with Preamble format and PRACH Configuration Index to determine PRACH parameters [3].
- DL RS TX Power/Cell Size/ Cell Radius [  ]
The DL transmit power and/or Cell Size and/or cell radius can be used to determine the Preamble format,  root ZC sequences to use for preamble generation,  Ncs configuration and the PRACH Configuration Index to use.

- Cubic metric RACH load thresholds and/or access probability, access delay probability, 
An access utilization threshold can set a planning limit for each RACH group utilization in order to control the numbers of collisions, allow reserves for emergencies, etc. 
High Speed Mobile (highSpeedFlag) [  ]
The High-speed flag indicates support for High Speed mobiles (high Doppler frequency shifts). This permits a restricted set of cyclic shifts per root ZC sequence. 

4.7.4.1.2.2 eNB measured Data
The following RACH utilization loads are measured by the eNB and may be used in order to ensure planning limits are maintained by the RACH automatic SON function:

The measured cubic metric access utilization [xy]. The measured cubic metric average number of RACH preambles controlled by the target utilization can be used to approximate the access probability and expected delay.
The dedicated preamble blocking rate can be used to determine if the number of dedicated preambles should be changed
PUSCH load [xy].  
Measured or reported by UE path loss, [6]

Uplink inter-cell interference, e.g. RIP measurement [xz]. 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 SON functions
The RACH SON function should determine:
RACH Transmission Power Control Parameters
Relevant input information for the automatic function for these parameters may include
 -     the access probability and/or access delay probability estimates, 
· the measure or reported by UE path loss

· uplink inter-cell interference
RACH Backoff Parameter

The backoff related parameters broadcast by the eNB are  
Suitable input information for the automatic function for these parameters may include:

 - the access probability and 

- momentary RACH load [xy].

The power and backoff related parameters broadcast by the eNB are: powerRampingStep, preambleInitialReceivedTargetPower, preambleTransMax, ra-ResponseWindowSize, mac-ContentionResolutionTimer, and maxHARQ-Msg3Tx.
RACH Preamble Split

Each cell can measure the 
· incoming handover rate and

· cubic metric measurements [xy]. 

· Further, at handover the target cell also sets the "handover failure timer T304", which determines for how long dedicated preambles are locked and this has an impact on the number of dedicated preambles needed for a given dedicated preamble blocking probability.

RACH channel config (pRACH Configuration Indexand Root Sequence Index)
These indexes are used to choose the subframes and 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.

4.7.4.1.2.3 X2 Transferred Data
An eNB may need to exchange information over the X2 interface with its neighbors for the purpose of RACH optimisation. The derivation of  unique root sequences and pRACH Configurations among neighbours may leverage the mechanism already specified for unique PCI selection. An eNB may also need to communicate with the O&M in order to perform RACH optimization. 

4.7.4.1.3 
Definition of Measurements

The following input data is to be measured at the eNB 

· 
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-Group A, random-Group B), and averaged over the PRACHs configured per range in a cell. [xy]
The definition of [dedicated preamble blocking]:
The number of times eNB failed to allocate dedicated preamble over the total number of available dedicated preambles within the measurement period.
 The definition of Received Iinterference Power is given in [xz]
 The definition of PUSCH load is given in [xy]

It is identified that UE measurements are necessary; their definition is FFS.

Note: Other measurements are FFS.

4.7.4.2
Output, influenced entities and parameters

Potential output parameters are:

· 

RACH preamble split (among dedicated, random-group A, random-group B);


RACH backoff timer parameter;


RACH transmission power control parameters;


RACH detection threshold

Preamble format

pRACH configuration index (prach-ConfigIndex); 

prach-FreqOffset.  First physical resource block available for PRACH

Root sequence index  (rootSequenceIndex)
Ncs configuration (specified by RRC parameter zeroCorrelationZoneConfig) gives the cyclic shift value to use given restricted set usage or not.

Exact list of parameters is FFS.

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 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. 

4.7.4.3.1
Stage 2 and stage 3 specifications

4.7.4.3.1.1
Stage 2 specification

4.7.4.3.1.2
Stage 3 specification

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. The RACH optimization function can be disabled.
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