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Decision/action requested

To agree on how to manage RACH Optimization.
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Rationale
The main purpose of Self Organising Network (SON) is to reduce OPEX.

In recent SA5 meetings, Ericsson has suggested using Access Delay Probability as the target for RACH optimization. This contribution explains how the Access Delay Probability can be estimated with sufficient accuracy for use by the RACH Optimization function.

3.1
UE Reporting

When a UE succeeds with a random access attempt, it notifies the eNB on how many attempts were made before success. See UEInformationResponse information element, consisting of numberOfPreamblesSent (the number of RACH preambles that were transmitted) and contentionDetected (indicate that contention was detected for at least one of the transmitted preambles) in 36.321 [1].  

3.2
Access Delay Probability
Access Delay is the delay before the UE gets access on the Random Access CHannel, that is, the difference in time between when access is granted and when the UE started the Random Access procedure. Furthermore, different UEs experience different Access Delay, and one UE can experience different Access Delay for each attempt. Therefore, an aggregation of the Access Delay is needed.
A simple method of aggregation is to take the mean value of the Access Delay for all UEs. Another is to take the maximum Access Delay. Unfortunately, these are poor characterizations. The mean says little about the UEs with the worst Access Delay, while the maximum says little about the majority of the UEs.

A better way of expressing Access Delay is to provide a few points in a Cumulative Distribution Function (CDF) for the delay. One of these points could for example be the access delay for 50% of the UEs should be less or equal than 30ms. We define: 
Access Delay, ADP: The time before the UE gets access on the random access channel, for P percent of the successful RACH Access attempts, i.e., the UE get access within ADP with P probability.
3.2.1 Estimating Access Delay

One key issue is how to estimate the access delay given only the information reported by the UE, i.e., numberOfPreamblesSent and contentionDetected. Using the UE report, it is possible to estimate the Access Delay of the UE by estimating the Detection Miss Probability (DMP), Contention Probability (CP) (see 36.902 [2], section 4.7.4.1.3), and a set of delay penalties 0-4, as illustrated in Figure 1: 
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Figure 1 Outcome of random access

The detection miss probability, denoted DMP, is defined as the probability that a preamble sent by a UE is not detected by the eNB. The contention probability, denoted CP, is defined as the probability that a UE does not get access because of contention. For one access attempt there are three possibilities for a UE, see Figure 1. The first possibility (called A) is that the access attempt fails because of detection miss, i.e., the UE’s sent preamble was not detected by the eNB. The second possibility, B, is that the attempt fails because of contention, i.e., the UE has chosen the same preamble as another UE and looses the contention resolution. The third and last possibility (C) is that the UE gets access. Each of the possibilities has a time delay penalty associated with it. This means that if a UE travels down path A in Figure 1 it will be punished with the delay penalty 2. 
Estimating DMP and CP can be done using the UE reports and number of received preambles. The delay 0 is the time between two random access slots and depends on the RACH configuration (see 36.211 [3], table 5.7.1-2). The detection delay, denoted as 1, is defined as the time in ms from a UE sends a preamble until the time the UE gets the RA response associated with the preamble and depends on ra-responseWindowsSize [1]. 
The detection miss delay, denoted 2, is defined as the time in ms from a UE sends a preamble until the time the UE sends a new preamble in the next attempt, given that the UE did not receive a RA response. The delay penalty 2 can be estimated by utilizing the length of the RA Response window and the time between two RA opportunities. Further, in case the backoff parameter TB [1] has been set by the eNB, then this information is also taken into account when estimating 2. 
The random access finished delay, denoted , is defined as the time in ms from a UE receives its RA response until the UE gets an RRC Connection Setup message containing the unique identity belonging to the UE (i.e. the UE wins the contention resolution procedure). This delay also includes the time required for transmitting the RRC Connection Request message. The parameter depends among other factors on mac-ContentionResolutionTimer [1]. 
The contention resolution failed delay, denoted 4, is defined as the time in ms from when a UE receives its RA response until the UE sends a preamble in the next attempt, given that the UE did not receive a RRC Connection Setup with its unique identity (i.e. the UE looses the contention). This delay also includes the time required for transmitting the RRC Connection Request message. The parameter depends among other factors on mac-ContentionResolutionTimer [1]. Further, in case the backoff parameter TB [1] has been set by the eNB, then this information is also taken into account when estimating .
3.2.2 Simulation Results

To verify that Access Delay can be estimated according to section 3.2.1, simulations were done. The objective of the simulation results is to understand the accuracy of the Access Delay obtained when using the standardized UE reports and eNB measurements. The simulation is based on LTE assumptions: The network is deployed in a hexagonal layout of 7 sites each 3-sectored and wrap-around propagation. TABLE 1 gives the value of parameters used in the simulations. The simulator models RACH at a detailed level, including modelling of configuration (random access period), power control, format, preamble miss, contention etc [5][6]. The preamble detection probability is modelled according to [7].
TABLE I.  Table 1 Simulation Parameters

	· Parameter
	a) Value

	User distribution
	Uniform

	Site to site distance
	500 m

	Antenna Tilt
	8 degrees

	Antenna Model
	3GPP model [4]

	Max UE transmit power PMAX
	23 dBm W

	PUSCH target received power P0_PUSCH
	-89 dBm

	Noise N
	-109 dBm W

	Path loss L
	L = 128.1+37.6log10(d), d [km]

	Inter-site correlation
	0.5

	Decorrelation distance
	33 m

	Log-normal shadowing
	8 dB standard deviation


The parameters varied are preambleInitialReceivedTargetPower (P0_RACH) and  powerRampingStep (RACH) [6]. The parameter preambleInitialReceivedTargetPower gives the preamble target received power at the base station at the first attempt, while powerRampingStep gives the increase in power in subsequent attempts if there are random access failures due to preamble miss or contention. As such these parameters are important in controlling the access delay. 
The assessment metric for the simulations was the Root Mean Square Error, 
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where N is the number of AD estimates, Ei is the estimated AD, and Ti is the true AD (measured AD). Ideally we want RMSE to be as close to zero as possible. The results show the RMSE for three different AD estimators with different complexity. (The three estimators are shown as Obs 1, Obs 2 and Obs 3 in Figure 2.)  As shown, a very low RMSE can be achieved, thus indicating that AD can be estimated accurately. 
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Figure 2: Simulation result sample
We have also evaluated the AD estimation accuracy in terms of, e.g. PUSCH load and RACH load. These evaluations indicate that an accurate AD estimation can be achieved. 
We conclude that the reports of numberOfPreamblesSent and contentionDetected make it possible for the eNB to accurately estimate the Access Delay.

4
Detailed proposal

This contribution proposes that RACH Optimization shall be managed using Access Delay Probability as target attribute. A corresponding CR is submitted.
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