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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]. At RAN # 43 it was agreed to include the RACH optimization in Rel-9 work item ‎[3]. In the agreed text proposal at RAN3 #63-bis it is mentioned that UE measurements are necessary, however, their definition is FFS [8]. 

In this contribution we propose a set of measurements that are needed in order to optimize the performance of RACH.
2. RACH Optimization
The objective of the RACH optimization function is to automatically set several parameters related to the performance of RACH, namely ‎[8]:

· RACH configuration ‎[4]
· RACH transmission power control parameters ‎[4]
· RACH back off parameter value ‎[5]
· RACH preamble split (among dedicated, random-high, random-low) ‎[5]
Next we describe the performance specification model and the different components of the RACH optimization function with the corresponding necessary measurements.
2.1.  Performance Specification

The UE performs a power ramping procedure, where the UE retransmits a preamble and increases its power for the subsequent preamble transmission if the UE is not granted access due to a preamble detection miss or contention resolution failure. If RACH parameters, e.g., power control and configuration, are not set appropriately, then it may take unnecessarily long time of the UE to be granted access to the network,  This results in overly delays in call setup, data resuming from the UL unsynchronized state, and handover, which will negatively impact performance. Therefore, it is crucial that the delay incurred by random access is limited and satisfies desired requirements and, as such, it is necessary to define the performance of random access in terms of the delay defined as the time it takes from the initial preamble transmission until access is granted. Delay can be expressed explicitly, e.g., in terms of sub frames, or in terms of number of attempts as described below.
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…. For example, we may require that the access probability should be greater than 0.8 and 0.95 at attempts 1 and 3, respectively, i.e. AP(1) > 0.8 and AP(3)>0.95. 
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 . We may specify desired performance in terms of two access delay requirements, e.g., ADP(5ms) < 0.8 and ADP(20ms) < 0.95. Alternatively, the requirements may be specified in terms of access delay AD(p) for a given percentile p of the random access attempts, e.g., AD(0.8) < 5 ms and AD(0.95) < 20 ms implying that the access delay must be less than 5 ms and 20 ms for 80% and 95% of the random access attempts, respectively. 
Furthermore, the access probability AP and access delay probability ADP are functions of two key factors, namely, the preamble detection miss probability and the contention probability. The detection miss probability DMP(m) at attempt m is the probability of a preamble, transmitted at attempt m, not being detected at the eNodeB. The contention probability CP be the probability that a UE is not granted access due to a preamble collision, i.e., that two or more UEs have chosen the same preamble (that are detected) during the same random access opportunity. 
2.2. RACH Configuration

RACH configuration determines the period of the random access opportunities and this affects the number of preambles received at each random access opportunity. Hence, the RACH configuration determines the contention probability CP. The RACH configuration, therefore, determines the access probability AP and the access delay probability ADP. The setting of the RACH configuration may take into consideration the load on PUSCH, as PRACH and PUSCH share the same resources. For instance, if the PUSCH load is low, then we may allocate more resources than necessary to RACH by decreasing the period of the random access opportunities, i.e., we over dimension RACH (resulting in less AP and ADP). 
Further, the RACH configuration [4] also encompasses the format of the preamble, namely, the length of the cyclic prefix and the number of random access sequence repetitions. In total, there are 5 different formats (4 for FDD and 1 additional for TDD). For formats 2 and 3, the random access sequence part is repeated which results in improved received signal energy at the eNodeB and, as such, improved detection probability. Formats 2 and 3 are particularly useful for environments where the UE is power limited (the UE hits its maximum transmission power). However, formats 2 and 3 also require more resources for RACH and as such less can be allocated for PUSCH.
An automatic function shall:

· set the RACH configuration according to the estimation of prevailing AP or ADP (and corresponding requirements), and the PUSCH usage

· be responsive to transient changes in AP or ADP, 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 estimates of AP, ADP, and the PUSCH load.
2.3. RACH Transmission Power Control Parameters

The detection miss probability DMP is affected by the PUSCH inter-cell interference and the RACH transmission power control parameters as these determine the preamble received power at the eNodeB. This implies that the RACH transmission power control parameters affect AP and ADP and that the transmission power control parameters need to be dimensioned according to prevailing inter-cell interference from PUSCH. An automatic function shall:

· set the RACH transmission power control parameters according to the estimation of prevailing AP or ADP (and corresponding requirements) 

· be responsive to transient changes in local cell conditions such as uplink inter-cell interference and load.

Relevant input information for the automatic function includes the AP or ADP 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. 
2.4.  RACH Back Off Parameter

RACH back off 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 AP and ADP negatively and one way to reduce the transient and temporary RACH overload is to appropriately set the RACH back off parameter. An automatic function shall:

· set the RACH back off parameter according to the estimations of prevailing AP or ADP (and corresponding requirements), 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 back off 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.

2.5. 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.

3. Necessary UE Reporting for Computing AP and ADP

3.1.  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. As mentioned in Section ‎2.1, 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, e.g. PREAMBLE_TRANSMISSION_COUNTER in ‎[5]). The UE may report the counter explicitly or a tabular representation (coding) may be used, which maps table indices to range of attempts. 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 can be indicated using a single bit, where the UE indicates whether it has been subject to contention during the random access procedure.
To estimate AD, it is necessary for the UE to report the time it has taken from the first attempt until the UE has been granted access. This is represented by ADi = Ai - Ii where ADi is the access delay of UE i, Ii is the time of the first attempt, Ai is the time when the UE is granted access. The delay ADi may be expressed in terms of subframes (1ms). The access delay ADi may be reported explicitly, alternatively, a tabular representation (coding) may be used. Note that there is a need to report the preamble counter (number of preamble transmissions, see above) even though AD is used for performance specification. This is needed in order to identify whether the observed access delay is due to preamble detection miss or contention. 

Recall from ‎2.2 that it is necessary to know whether UEs are power limited in order to set an appropriate format. As such, there is a need of a power limitation indicator reported by the UE. For example, the UE may indicate this using a single bit, where the UE reports whether it has transmitted at its maximum transmission power during the random access procedure. Alternatively, a power headroom may be defined for PRACH and the UE may indicate whether the power headroom has been less than a certain threshold. 

3.2.  Reporting Frequency

The reporting of entities described in Section ‎3.1 does not have tight timeliness requirements and, as such, it may be sufficient if the UE stores measurement entities from each random access and reports the entities, e.g.:
· every X successful accesses,
· every T time units, 

· upon request by the eNodeB, or

· upon access to the network.

Storing entities related to multiple random accesses implies that it is necessary that the UE stores the Global Cell Identity (GCI) of the cell since the UE may change cells between each random access. Alternatively, the UE may report entities related only to the current serving cell, i.e., the UE does not report entities related to previously serving cells. Alternatively, the UE may report entities every time the UE has been granted access (i.e., the entities reported are related to the serving cell only). 

Further, the conditions for reporting may be configured, e.g., it is required that the UE reports entities in Section ‎3.1 only if, e.g.

· Thr1 < PREAMBLE_TRANSMISSION_COUNTER
· Th1 < ADi
By appropriately setting the threshold it is possible to decrease the signalling over the air. 

3.3. Reporting Mechanism

The UE can report entities described in Section ‎3.1 using either RRC control signalling or using MAC control signalling (using MAC control elements). The choice depends on how much data that is to be transmitted, the reliability requirements, and the timeliness requirements of the reporting. 
3.4. Summary

In summary, the following set of measurements is vital for the RACH optimization function:

· Number of retransmissions, i.e., PREAMBLE_TRANSMISSION_COUNTER in ‎[5]
· Single bit indication whether the UE has been subject to contention resolution failure during the random access procedure (from the first attempt until access is granted)

· Access delay ADi, i.e., the time it takes from the initial preamble transmission until access is granted

· Power limitation indication

Measurement entities are reported for example:

· every X successful accesses,

· every T time units, 

· upon request by the eNodeB, or

· upon access to the network.

Further, several reporting triggers may be defined such that the signalling is minimized. 
4. Overall Solution

The overall solution is presented in Figure 1. 
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Figure 1 Overall solution
In the Step 1, the UE read the broadcast channel to obtain necessary information for executing random access. In the Step 2, the UE attempts random access. In Step 3, the UE reports necessary information to estimate AP or ADP. Once sufficient UE reports have been gathered and estimates of AP or ADP are available, the RACH optimization function computes appropriate settings for the RACH parameters (e.g., power control parameters, configuration and back off indicator). During the next step the respective information in the broadcast channel is updated. 
5. Proposal
It is further proposed that RAN WG3 captures the relevant description (as per Section 3) of UE reporting for the RACH optimization function in TR 36.902 and that an LS with the corresponding requirements is sent to RAN WG2, which then specifies the necessary measurements.
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