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1. Introduction
RAN WG2 has agreed to support a SON use case “RACH optimization” ‎[1] and the use case has been included in 36.902 ‎[2]. 
Optimal RACH performance is key to obtain high coverage and low delays, e.g., call setup delays, data resuming delays from the UL unsynchronized state, and handover delays. A poorly configured RACH may result in low preamble detection probability and low coverage. Further if RACH is not dimensioned according to prevailing traffic load, then this may result in unnecessarily high access delays. Since random access is the first step taken in order to commence services, it is of paramount importance that the performance of RACH is satisfactory. 
The setting of RACH parameters in LTE depends on a multitude of factors, e.g., the uplink inter-cell interference (mainly from PUSCH), RACH load (call arrival rate, HO rate, tracking area update, and traffic pattern as it affects the UL synchronization states and hence the need to use random access), the cubic metric of the preambles allocated to a cell, whether the cell is in high-speed mode or not, and uplink (UL) and downlink (DL) imbalances.  An automatic RACH optimization function monitors the prevailing conditions, e.g., RACH load, uplink interference, and determines appropriate parameters such that requirements on coverage and access delay are satisfied. Since the coverage of a cell is determined by RACH it is important that RACH is performing well in an early stage of the network roll-out. Further, RACH parameters need to be updated if there are parameter/configuration changes due to eNodeB SON/RRM functions, e.g., mobility parameters and interference management. This motivates the need of having an automatic RACH optimization function that timely responds to changes done by other SON functions. 
The location of RACH optimization function has not been decided yet and it is FFS whether the SON entity is central or not ‎[2]. The SON architecture for this use case is to be clarified once it is studied and finalised. As agreed the location of SON functions (for example RACH optimization) should be decided individually for each SON use case ‎[3]. This contribution discusses and elaborates on the appropriate location of the automatic RACH optimization function. 
2. RACH Optimization Function
The objective of the RACH optimization function is to automatically set several parameters related to the performance of RACH, namely ‎[2]:

· RACH configuration (resource unit allocation) ‎[4]
· RACH transmission power control parameters ‎[4]
· RACH backoff parameter value ‎[5]
· RACH preamble split (among dedicated, random-high, random-low) ‎[5]
Below each of the functions are further elaborated and the functional decomposition of the RACH optimization use case is defined. 
2.1.  RACH Configuration
RACH configuration determines the period of the random access opportunities and as such this parameter determines the probability of two or more UEs sending the same preamble in the same random access opportunity slot, i.e., the probability of having a contention among the preambles. As such, the RACH configuration determines the access probability, i.e., the probability that a UE is granted access when the UE sends a preamble. An automatic function shall:

· set the RACH configuration according to the prevailing access probability and the PUSCH usage, since RACH and PUSCH share the same resources
· be responsive to transient changes in RACH and PUSCH load in the own cell due to, e.g., variations in traffic characteristics and random access intensity (call arrival rate, hand over rate etc)
Plausible input information for the automatic function includes the access probability and the Physical Uplink Shared Channel (PUSCH) load estimates
2.2.  RACH Transmission Power Control Parameters

RACH transmission power control parameters determine the preamble received power at the eNodeB, which is related to the probability of detecting the sent preamble. As such, the RACH transmission power control parameters affect the access probability (as defined in Section ‎2.1). By appropriately setting the RACH power control parameters it is possible to balance the preamble detection probability and the uplink inter-cell interference (on the resource blocks allocated to RACH ‎[4]) generated by preamble transmissions. An automatic function shall:

· set the RACH transmission power control parameters according to the prevailing access probability 

· be responsive to transient changes in access probability due to, e.g., uplink inter-cell interference variations.
Relevant input information for the automatic function includes the access 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, similar to other radio resource management algorithms, e.g., inter-cell interference control (ICIC). 
2.3.  RACH Backoff Parameter

RACH backoff parameter value determine how long a UE shall wait until it tries random access again in case the UE is not grated access. Momentary high RACH load affects the access probability negatively and one way to reduce the transient and temporary RACH overload is to appropriately set the RACH backoff parameter. An automatic function shall:

· set the RACH backoff parameter according to the prevailing access probability and the momentary RACH load
· be responsive due to rapid changes in momentary RACH load as well as the required fast control signalling during the random access procedure ‎[5] (the backoff value is indicated to the UE in the random access response message and must therefore be set on a short time scale).
Suitable input information for the automatic function includes the access probability and momentary RACH load.

2.4. RACH Preamble Split

The preamble allocated to a cell can be divided into three groups, namely, random-low, random-high, and dedicated ‎[5]
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‎[6]. Dedicated preambles are allocated to UEs to enable contention free random access at, e.g., handover and UL  data resuming. The random preambles are further divided into two groups (high and low) depending on the resource need of the UE. An automatic function shall determine the appropriate split among the preambles according to prevailing need of dedicated preambles and the typical resource need of the UEs in the own cell.

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. 

2.5.  Summary

The automatic RACH optimization function shall compute RACH configuration, RACH transmission power control parameters, RACH backoff parameter, and preamble split. Naturally, the RACH optimization function may use the following measurements in the own cell: RACH load, access probability, PUSCH load, and incoming handover rate.
Note, that the automatic RACH optimization function does not require any further input from neighbouring cells. Further, the RACH optimization function does not need to coordinate its actions with its neighbours, i.e., RACH optimization function in each cell is decoupled with the RACH optimization function in other cells.  
3. RACH Optimization Location
Analysing the characteristics of the RACH optimization function (see Chapter ‎2), it is realized that: 
· RACH self-tuning does not require any coordination between the eNodeBs, since the impact of RACH parameter changes is located mostly in the own cell, and as such the function supports multi-vendor deployment
· RACH self-tuning requires no communication between eNodeBs, and
· all necessary measurements (e.g. access probability, PUSCH load, RACH load, and incoming handover rate) are available in eNodeB.
Further, it is beneficial to  

· avoid unnecessary communication load over interfaces, 
· provide a scalable solution, and

· be responsive to transient changes in RACH load, PUSCH load, uplink inter-cell interference, and access probability.
Locating the RACH optimization function in the higher layers (EM, NM):

· results in unnecessary delays between measurement and action taken, which results in low response to changes in uplink interference, RACH load, traffic changes, etc. This in turn results in poor RACH and PUSCH performance, which affects the network accessibility and uplink user plane throughput.
· results in unnecessary additional communication load over the interfaces, and

· does not provide a scalable solution.

Analyzing the characteristics and requirements given above, we conclude that the most suitable location of the automatic RACH optimization function is in the eNodeB (NE). 
4. Summary
It is proposed that
· the location of the RACH optimization function to be in the eNodeB.
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