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1. Introduction

In previous RAN3 meeting (RAN3 #63 bis), we discussed and agreed on RACH Optimization (RO) functions, RO performance parameters definition from high level, which were written in R3-090969 [1]. After this meeting, through e-mail discussion, a draft CR to 36.902 was formed [2], in which AP(m) and ADP() have been defined as the RO performance parameter. In deed, AP(m) and ADP() are useful to evaluate the whole performance. When RACH performance is not good based on the evaluation, e.g. AP(m) is low than a threshold or/and ADP() is larger than a threshold, a suitable action should be taken to adjust the RACH parameters. But how does network know which action is the suitable one? It is obligatory for network to diagnose that what kind of problems or which category of unsuitable RACH parameters caused the bad RACH performance, which can not be concluded based on AP(m) and ADP(). To do that, we propose to supplement performance parameters definition for RO.
2. Rational 
The purpose of RO is to optimize the setting of RACH parameters to improve the performance of RACH. The RACH parameters impacted to RACH performance can be classified as follows [1][2]: 

RACH configuration (resource unit allocation);


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


RACH backoff parameter value;


RACH transmission power control parameters.

AP(m) and ADP() can evaluate the whole performance of RACH, based on which we can detect the problem that the RACH performance is worsen enough to initiate RACH optimization to adjust the setting of RACH parameter. But the question is, among above 4 categories of RACH parameters, which one should be adjusted? To do that, it’s necessary for the network to know which are the main factors, among above 4 categories of RACH parameters, caused the bad RACH performance and then take a suitable action to adjust one certain category of RACH parameters. Based on AP(m) and ADP(), network can know that the problem happens and it is needed to initiate RO. Going in further, in order to know the impact of every category of RACH parameters to RACH performance, it’s necessary to supplement additional performance parameters definition for RO.
3. Addtional performance parameters
In this contribution, we propose to supplement two kinds of additional performance parameters:

(1) CP-Contention Probability 

CP is used to evaluate RACH collision. Too high CP (e.g. CP is above a certain threshold) means that the RACH allocation is not appropriate in the most degree. Consequently, network can check and adjust RACH configuration or/and RACH preamble split based on CP.
(2) ONP(Thre_up)-Over Normal power Probability & UNP(Thre_down)-Under Normal power Probability 
ONP and UNP are used to evaluate that the RACH power is enough or not, further, RACH transmission power control parameters should be checked and adjusted based on them. 
Detail additional performance parameters are illustrated as follows:
1) CP-Contention Probability
Contention Probability is the probability that the PRACH contends. CP=NC/NA, where NC is the Number of received RACH preambles which contend in the statistic period, NA is the number of all received RACH random preambles in the statistic period. NA equals that NC plus the number of received RACH preambles which don’t contend.

In general, High CP means that PRACH resource units are not enough, and low CP means that PRACH resource units are too many. At the normal case, CP should be usually a low value, e.g. 2%.
It’s well known that the preambles in cell are divided into three groups, dedicated, group A and group B(the preambles in group A and group B are called random preambles). It’s needed to judge whether the preamble split is suitable. So, it’s necessary to define CP-A and CP-B.  CP-A= NC-A/NA-A, where NC-A is the Number of received RACH preambles of group A which contend in the statistic period, NA-A is the number of all received RACH preambles of group A in the statistic period. CP-B= NC-B/NA-B, where NC-B is the Number of received RACH preambles of group B which contend in the statistic period, NA-B is the number of all received RACH preambles of group B in the statistic period.

By comparison of CP-A and CP-B, whether the preamble split is suitable can be decided. E.g. if it is needed that CP-A is equal approximately to CP-B, when CP-A > CP-B is gotten, the problem that the size of group A is too small is detected and the size of group A should be larger.
2) ONP(Thre_up)-Over Normal power Probability & UNP(Thre_down)-Under Normal power Probability
In the common case, we use correlation detection to detect preamble at eNB. The results of detection can be divided into four statuses, as Figure 1.
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Figure 1
different results of preamble detection
Thre: the detection threshold of PRACH.

Thre_up: the delta of threshold to judge whether the received SNR(or power) is too high.

Thre_down: the delta of threshold to judge whether the received SNR(or power) is too low.
(A) When SNR/Power  peak > Thre+Thre_up , it means that Preamble can be detected, but the received power is too high.

(B) When Thre <SNR/Power peak <= Thre+Thre_up , it means that Preamble can be detected, and the received power is suitable

(C) When Thre-Thre_down <SNR/Power peak <= Thre , it means that Preamble can’t be detected, but the probability of receiving a preamble is very high.

(D) When SNR/Power peak <= Thre -Thre_down , it means that Preamble can’t be detected, and the probability of receiving a preamble is very low.
Over Normal power Probability is the probability of preambles whose received SNR(or power) is higher than Thre+Thre_up.

ONP(Thre_up)=N1/(N1+N2+N3), 
where 
N1 is the number of detected RACH preambles, whose SNR/Power peak meets the formula: SNR/Power  peak > Thre+Thre_up (Figure 1 (A)), 
N2 is the number of detected RACH preambles, whose SNR/Power peak meets the formula: Thre <SNR/Power peak <= Thre+Thre_up (Figure 1 (B)), 
N3 is the number of detected RACH preambles, whose SNR/Power peak meets the formula: Thre-Thre_down <SNR/Power peak <= Thre (Figure 1 (C)).
High ONP means that the target received power is too high. Desired ONP can be set suitably by system simulation.

Under Normal power Probability is the probability of preambles whose received SNR(or power) is lower than Thre-Thre_down.

UNP(Thre_down)=N3/(N1+N2+N3).
High UNP means that the target received power is set too low. Desired UNP can be got by system simulation.

3. Input Data

1) RACH Configuration
The main objective of RACH Configuration optimization is to set the suitable size of PRACH resource unit. The corresponding parameter is DRA, which is the number of PRACH during 10ms.

Suitable input information for the automatic function may be Contention Probability.
Alternative input information for the automatic function may include the call arrival rate and HO rate, etc, which are used to evaluate RACH load.
Another input information for the automatic function may include the PRACH usage, which is the number of received RACH preambles in a time interval. We can separate the preamble into dedicated, group A and group B, and calculate the PRACH usage of different group.
2) RACH Transmission Power Control Parameters
The main objective of RACH Transmission Power Control Parameters optimization is to set the suitable value of target received power. The corresponding parameter is preambleInitialReceivedTargetPower, which is the target power of the initial received preamble.

Suitable input information for the automatic function may be Over Normal power Probability and Under Normal power Probability.
3) RACH Preamble Split
The main objective of RACH Preamble Split optimization is to set the suitable size of each group.

Suitable input information for the automatic function may be the PRACH usage of each group, or the Contention Probability of each group, or the call arrival rate and HO rate.
All of the outputs are broadcasted in system information, and can’t be changed instantaneously.
4. Definition of Measurements
In order to get the inputs above, we need to define more measurements except for Number of received RACH preambles.
1) Number of received RACH preambles which contend
The definition of [Number of received RACH preambles which contend]:

The number of received RACH preambles which contend in a cell in a time interval. It is measured per preamble range (dedicated, group A, group B), and averaged over the PRACHs configured in a cell.
2) Number of detected RACH preambles, whose SNR (or power) is in particular range
The definition of [Number of detected RACH preambles, whose SNR(or power) is in particular range]:

The number of RACH preambles detected on eNB in a cell in a time interval. It is measured per preamble SNR (or power) range (above Thre+Thre_up, above Thre & below Thre+Thre_up, above Thre-Thre_down & below Thre), and averaged over the PRACHs configured in a cell.
5. Conclusion
In a summary, our proposal as follows:
Proposal 1: CP, ONP&UNP need to be added to the performance specification;

Proposal 2: The input of RACH Configuration can be CP, or call arrival rate & HO rate, or PRACH usage;
Proposal 3: The input of RACH Transmission Power Control Parameters can be ONP&UNP;
Proposal 4: The input of RACH Preamble Split can be PRACH usage of each group, or the CP of each group, or the call arrival rate & HO rate;
Proposal 5: Number of received RACH preambles which contend, and Number of detected RACH preambles, whose SNR(or power) is in particular range need to be defined for eNB measurements.
6. text proposal to 36.902
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 objectives 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.
· The probability of random access contention must be minimized.
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, group A, group B);


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
Control of RACH Transmit Power, which results into:

      high access success rate

      small interference to PUSCH of neighbouring cell

      high capacity of neighbouring cell

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]. 
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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 . 
A desired performance may be specified in terms of the contention probability CP, which is the probability that the PRACH contends. CP=NC/NA, where NC is the Number of received RACH preambles which contend in the statistic period, NA is the number of all received random RACH preambles in the statistic period. NA equals that NC plus the number of received RACH preambles which don’t contend. CP-A, which is CP of group A, and CP-B, which is CP of group B, are also needed. 

A desired performance may be specified in terms of the Over Normal power Probability ONP(Thre_up), which is the probability that the received SNR(or power) of PRACH is higher than Thre+Thre_up, and Under Normal power Probability UNP(Thre_down), which is the probability that the received SNR(or power) of PRACH is lower than Thre, but higher than Thre-Thre_down. Thre is the detection threshold of PRACH, Thre_up is the delta of threshold to judge whether the received SNR (or power) is too high, Thre_down is the delta of threshold to judge whether the received SNR (or power) is too low.

Details and alternatives are FFS.

4.7.4.1.2 
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.
Suitable input information for the automatic function may be Contention Probability.

Alternative input information for the automatic function may include the call arrival rate and HO rate.

Another input information for the automatic function may include the PRACH usage, which is the number of received RACH preambles in the unit (e.g. per second). We can separate the preamble into dedicated, group A and group B, and count the PRACH usage of different group.

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.
Suitable input information for the automatic function may be Over Normal power Probability and Under Normal power Probability.
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.
Suitable input information for the automatic function may be the PRACH usage of each group, or the Contention Probability of each group, or the call arrival rate and HO rate.
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. 
4.7.4.1.3 
Definition of Measurements
The following input data is to be measured at the eNB 


Number of received RACH preambles
     Number of received RACH preambles which contend

     Number of detected RACH preambles, whose SNR (or power) is in particular range
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,  group A, group B), and averaged over the PRACHs configured in a cell.
The definition of [Number of received RACH preambles which contend]:


The number of received RACH preambles which contend in a cell in a time interval. It is measured per preamble range (dedicated, group A, group B), and averaged over the PRACHs configured in a cell.
The definition of [Number of detected RACH preambles, whose SNR (or power) is in particular range]:


The number of detected RACH preambles in a cell in a time interval. It is measured per preamble SNR (or power) range (above Thre+Thre_up, above Thre & below Thre+Thre_up, above Thre-Thre_down & below Thre, below Thre-Thre_down), and averaged over the PRACHs configured in a cell.
If it is identified that UE/eNB 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 configuration (resource unit allocation);


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


RACH backoff timer parameter;


RACH transmission power control parameters;

pRACH configuration index; 

Root sequence index.
Exact list of parameters is FFS.
4.7.4.3
Impacted specifications, procedure interactions and interfaces
UE and/or 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.
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