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1 Introduction

Non-synchronized RACH is based on slotted-ALOHA scheme. RACH uses dedicated time-frequency resource. Current working assumption on the RACH access slot is 1.25 MHz frequency bandwidth and 1 ms in duration [1]. At each RACH transmission opportunity, UE randomly selects a sequence to transmit from a group of available sequences. A set of Zadoff-Chu sequences is used for non-synchronized RACH preamble. The number of ZCZ sequences for each root Zadoff-Chu sequence depends on the cell radius [3].  When multiple UEs select the same sequence in an access slot, collision occurs. The system typically operates at small loading conditions to limit the probability of collision to 10-2 or 10-3 [4]. Analysis of collision probability and throughput is available in our contribution [5]. 
In practical systems, loading varies over time and it is difficult to operate the system at a fixed collision probability. Load control algorithm is necessary for stable system operation. In UMTS W-CDMA, random backoff and persistence algorithm is used. Random backoff algorithm ensures that after an unsuccessful RACH transmission, different backoff time is applied to each user to avoid collision in the next retransmission cycle. In addition, a dynamic persistence algorithm is used as a collision avoidance mechanism. However, the relation between actual system loading and operating characteristic is not clear.
In this contribution, we propose an improved dynamic persistence control algorithm that depends on system backlog. The persistence factor has an exponential form and is characterized by a few parameters. It is feasible to design the operating region by tuning the parameters. These the parameters can be sent in a broadcast  message to the UE during the initial configuration procedure and UE can calculate the persistence value easily.
2 Persistence Algorithm in UMTS W-CDMA

In W-CDMA, Access Service Class (ASC) is established during the RRC connection phase. ASC is defined by an ASC identified by i and the persistence value Pi.  There are 8 ASCs defined. A set of ASC parameters (i, Pi) are signalled to MAC-c of UE by CMAC-CONFIG-REQ message. MAC-c selects a specific ASC from the set of available ASCs, according to the MAC Logical Channel Priority (MLP). 
Persistence value is determined based on the persistence level N=1,2,…,8 and the persistence scaling factor si ( {0.2, 0.3, …, 0.9}. These parameters are broadcast in System Information Block (SIB) Types 7 and 5. The persistence value is computed as [2]
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(Eq.  1)
3 Backlog Dependent Persistence Control Algorithm
The backlog dependent persistence value is computed as


[image: image2.wmf]1

1

()/

12

2

        if 

  if 

0          if 

i

i

BK

ii

i

PB

PPeB

B

d

d

dd

d

--

ìü

<

ïï

ïï

=´£<

íý

ïï

³

ïï

îþ

%

%

%

%


(Eq.  2)
The parameter 
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 is the estimate of backlog and K is a parameter that controls the slope of the load line.
The normalization factor P is computed as
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(Eq.  3)
The parameters K, 
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 are determined depending on the number of sequences and expected system loading. By proper choice of parameters, one can ensure that the stability of the system is guaranteed over a wide range of loading conditions.
Load line is a curve that shows the rate of arrival as the backlog is varied. Figure 1 illustrates a typical load line and the system throughput for 1 signature case. The green line shows the load line for uncontrolled system, and the blue and the light blue lines show the load lines with exponential persistence. In an uncontrolled system, the system becomes unstable when the loading increases beyond 2. The light blue line shows that stable system operation is possible for load up 3.5. The blue line shows stable operation for a wide range of load conditions.
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Figure 1: Illustration of throughput and load lines for slotted-ALOHA. The red line represents the throughput of single-signature access channel. The green line shows the load line for uncontrolled ALOHA, the blue and the light blue lines show the load lines with exponential persistence. The light blue line shows that stable operation is possible for load up to 3.5. The blue line shows stable operation for a wide range of load.
4 Summary

We have described an exponential persistence algorithm. Compared with UMTS RACH, this allows dynamic persistence control depending on backlog. The algorithm is characterized by a few parameters that can be signalled to a UE during the RACH configuration stage and actual persistence value can be computed at the UE. The parameters can be optimized to allow variable number of signatures and wide range of load conditions.
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