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Dynamic Persistence for Random Access

1.0 Introduction

A network assigned Dynamic Persistence provides adequate control of the random access procedure for W-CDMA.  Unlike peer-to-peer data systems such as Ethernet or HIPERLAN, W-CDMA nodes have access to a central authority, the UTRAN, where all data traffic is either originated or terminated. Therefore, the UTRAN is in the ideal position to estimate the number of pending RACH attempts and appropriate transmission probability.  The UTRAN may base the persistence value on a combination of outgoing traffic on the FACH, pages on the paging channel, noise rise at the Node B or detected collisions on the RACH.    However, collisions on a W-CDMA system are unlikely considering the abundance of access slots compared to GSM.  

In addition, dynamic persistence offers the network more control over RACH performance and allows the UTRAN to tailor the backoff algorithm to particular traffic patterns.  The algorithm may be tailored by time of day, location, or cell size.  Finally, the persistence may be encoded efficiently consuming only 0.075 kbps of downlink capacity.

2.0 Benefit of Dynamic Persistence

Dynamic persistence offers the following three benefits to the UTRAN.

· Persistence leaves subscriber backoff under control of the network.  The network is in the best position to estimate the traffic load. The UTRAN may base the persistence value on a combination of outgoing traffic on the FACH, pages on the paging channel, noise rise at the Node B or detected collisions on the RACH.  When the outbound FACH or PCH traffic is increased the UTRAN may lower the persistence transmission in anticipation of increased RACH load.  A perfect estimate of the backlogged users is not necessary to guarantee system stability.  The UTRAN may act conservatively and assume a larger population of backlogged users than actually exits ensuring that excessive collision or increased interference are not manifested.

· Persistence allows the backoff algorithm to be tailored to the evolving traffic demands.  Strategies for resolving collisions may be tailored to the particular traffic demands of a given area.   In micro-cells by train stations there may be a higher incident of frequent small payload transactions consistent with quick requests for train schedules or last minute short messages.  In such cases, RACH channel usage may be higher.  In  areas such as airport lounges less-frequent large payload transactions tend to occur consistent with laptop use and email access. In such cases, the RACH channel usage may be lower since data transfers will more likely be allocated a dedicated channel.  Finally, collision control may be tailored to the time of day so that during the busy hour the system may act more aggressively in resolving collisions than during other times of day when it is not as likely. 

· The algorithm embedded in the UE is simple and straightforward.  A UE transmits with the probability assigned by the network.  UEs manufactured for Release 99 may adapt their backoff algorithm to data traffic patterns in 2005 without any firmware updates.  The network has total control and therefore the UE is future proof in this sense.

3.0 Procedures for Persistence

There are two likely options for persistence:

· Persistence may be applied universally with all new arrivals and backlogged UEs treated the same.   All UEs would transmit with the assigned probability regardless of the number of preceding attempts.   Transmission errors will  not be misinterpreted as collisions inadvertently increasing the access delay.

· Persistence may only be applied to back logged users (new access attempts would be transmitted with probability = 1).  Since the number of access slots in W-CDMA is large, the ideal transmission probability may often be set close to unity. In the formerly described persistence procedure the new access attempts may incur a non-zero delay (eg. three frames) waiting to read the current persistence setting.  Therefore, a slight access delay reduction may be realized by only requiring backlogged users to read the persistence value and this could be done without compromising system stability.

The persistence value may be encoded efficiently requiring less then 75 bps of downlink capacity.  For example, the transmission probability may be expressed as an exponent where

p = 2-N

A three-bit value may express a transmission probability from unity to 0.008.   Furthermore, changes in the persistence value may occur infrequently (e.g. 4 frames).  A 3-bit persistence assignment broadcast on the BCCH every 4 frames will only require 0.075 kbps of downlink capacity. 

4.0 Conclusion

A network assigned dynamic persistence provides adequate control of the random access procedure for W-CDMA.  The UTRAN is in the ideal position to estimate the number of pending RACH attempts and appropriate persistence setting.  The UTRAN may base the persistence value based on outgoing traffic on the FACH, pages on the paging channel, noise rise at the Node B or detected collisions on the RACH. The congestion control may be tailored by time of day, location, or cell size.  Furthermore, the persistence may be encoded efficiently consuming only 0.075 kbps of downlink capacity.  It is recommended that dynamic persistence be retained as the sole method for collision control in W-CDMA.







