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1   Introduction

The requirement of in-sequence delivery is identified as an open issue in [1]. The requirement has not been looked into that much since the release 1999 specifications use ATM transport that provides sequence-integrity due to its connection oriented nature. The aal2/ATM layer does not provide an assured mode of delivery. The data may be lost or corrupted. Introducing IP transport and possibly an UDP layer on top of the IP-layer neither sequence integrity nor in-sequence delivery is provided. If the in-sequence delivery requirement could be removed a simpler protocol stack would be the result.  

Since it is the radio network layer that requires the in-sequence delivery from the underlying transport network layer the analysis will be performed on the radio network layer frame protocols. Also the radio interface protocol stack needs to be considered.
2 Analysis
The data stream protocols in the user plane of the radio network layer transfer data for the radio interface, but also some control frames for the UTRAN nodes. For the dedicated channels there is one protocol for both Iur and Iub. For the common channels there is one protocol for the Iur interface and another for the Iub interface. The reason to have one protocol for the Iur and another one for Iub is due to that the MAC scheduling for the common channels takes place in the DRNS. 

The RLC protocol layer provides services to the upper layers of the user plane for the radio interface. The RLC layer provides transparent, unacknowledged and acknowledged modes of services to the upper layers where the latter two provide sequence checking/control. The typical use of the transparent mode is the conversational service speech. 

Iur/Iub Interface User Plane Protocol for DCH data Streams

For the data frames and control frames over Iur and Iub there is a connection frame number (CFN) attached to the messages. Only a few control frames do not have that parameter. The CFN parameter is linked to the physical frame numbering and indicates at which time the user data should be transmitted over the radio interface or if it is a control message at which time a specific event should be applied. Hence, the CFN provides the required in-sequence delivery.

The control frames that do not contain a CFN value in the messages are UL Outer loop power control, DL Node Synchronisation, UL Node Synchronisation and RX Timing Deviation [TS25.427, v3.3.0].

Re-ordering does not affect the synchronisation procedures since they are used to obtain synchronisation values and require a response (UL&DL synchronisation messages) or that RX timing deviation messages are sent regularly. If an UL Outer loop power control message is altered, the effects, if any, are not dramatic since the nature is to send updated commands regularly when needed.

Common Transport Channel Data Stream Protocols

The Iub user data messages have a CFN number attached and the same conclusion as for the dedicated frame protocol section follows. The common channels over Iur do not have the CFN values so the question is if any re-ordering would severely degrade the performance. The data frame messages going over the common channels pass the RLC radio interface protocol. The services that use the common channels typically use the acknowledged or non-acknowledge mode RLC services due to its nature of not providing guaranteed services like the conversational class. Thus, any reordering would be taken care of by the radio interface protocol. If conversational service are to be used, any reordering of a lower degree would not cause any sever degradation of QoS, e.g. a speech service. 

The control frames messages of the Iur protocol [TS25.425, v.3.2.0] that do not have a CFN value concern flow control and capacity requests/allocation type of messages. The messages are typically not sent very often. If a re-ordering would occur it should not cause severe degradation of a service. The main problem would be the FACH flow control message, considering the case when a message that gives zero credits are altered with a message giving, say, the unlimited credits. It should be noted that the same problem occurs in release 1999 specifications if the message with unlimited credits is lost when a prior zero credit message was received. The control frame messages for the Iub [TS25.435v3.3.0] that do not have a CFN value attached are related to the UL/DL node synchronisation and are not affected.
3 Conclusion

It has been shown that the requirement to provide in-sequence delivery in the transport network layer protocols of the user plane can be removed. Most of the messages of the radio network layer protocols can provide in-sequence delivery by using the CFN parameter, for those messages that really requires this. For those messages that do not have a CFN parameter, the rare out-of sequence deliveries are tolerable since the consequences are only short degradations of the overall QoS. The network dimensioning and QoS provisioning in the transport network would also be able to cater for avoiding any immense portion of out-of-sequence delivery. Also the RLC layer of the radio interfaces protocol itself provides sequence checking/control for those user services needing it.  It seems that in-sequence delivery/sequence integrity is provided on several overlapping places giving unnecessary overhead and complexity. 

It is suggested that the in-sequence delivery requirement can be removed from the transport network layer.

References

[1] TR25.933, “IP Transport in UTRAN Work Task Technical Report,” v0.1.1 (2000-07) 

