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1 Introduction

Currently, In-sequence delivery in the transport network layer is required for a number of radio network layer protocols on Iu, Iur, and Iub. The need of the requirement was already questioned during some discussions in RAN3. In two previous documents, it was proposed to remove the in-sequence delivery requirement. However, it was felt that some more discussion on this topic is needed before a final conclusion can be done (see [1], [2]). In this document, the need for in sequence delivery for the user plane over Iur and Iub is discussed in more detail, with the goal to reach a final decision on this subject. 

2 In-Sequence Delivery over Iur

2.1 
UTRAN Iur Interface User Plane Protocols for CCH Data Streams (25.425)

2.1.1 Services expected from data transport

In the current version of 25.425, the following service is required from the transport layer:

· In sequence delivery of Frame Protocol PDUs.

2.1.2 List of CCH Frame Protocol Procedures

The following procedures are provided by the CCH Frame Protocol over Iur:

5.1
Data Transfer


5.1.1
RACH/CPCH[FDD] Data Transfer


5.1.2
FACH data transfer


5.1.3
USCH Data Transfer [TDD] 


5.1.4
DSCH Data Transfer

5.2
Flow Control


5.2.1
FACH Flow Control


5.2.2
DSCH Capacity Request


5.2.3
DSCH Capacity Allocation


5.2.4
FACH Capacity Request

2.1.3 Impact of out of sequence delivery on Data Transfer

Data Frames of the Iur user plane protocol for CCH data streams do not carry any sequence number or timing information. Out of sequence delivery can therefore not be detected on the frame protocol level. Out of sequence delivery on the transport layer could therefore result in out of sequence delivery of MAC-d PDUs to the UE, or in out of sequence delivery of MAC-sh SDUs to the SRNC. If the out of sequence PDUs belong to the same logical channel, both cases would result in out of sequence delivery to the RLC.

The current specification of the RLC protocol (Dez. 2000) has some problems with handling of out of sequence PDUs. This is in conflict with other parts of the RAN2 specification which allow out of sequence transmission between both RLC entities. For example, in the MAC specification (TS 25.321) it is allowed to map one logical channel simultaneously on a DCH and a DSCH transport channel. In such a situation, RLC PDUs can take different paths thgough the MAC layer and the network, and in sequence delivery can not be guaranteed by the current specifications. 

This problem is already known to RAN WG2, and corrections to R99 should be made during the next RAN2 meetings.

2.1.4 Impact of out of sequence delivery on Flow Control and Capacity Allocations

A potential problem arises if two consecutive Flow Control or Capacity Allocation control frames are exchanged in their order. In this case, the receiver has not the status as expected by the sender of the control frame. However, this situation roughly corresponds to the loss of the second control frame, which carried the information that was overwritten by an earlier sent, but later arriving control frame. Such a loss of control frames is already possible in Release 99, and should therefore be handled correctly by the entities.

2.2 
UTRAN Iub/Iur Interface User Plane Protocol for DCH Data Streams (25.427)

2.2.1 Services expected from data transport

In the current version of 25.427, the following service is required from the transport layer:

-
In sequence delivery of FP PDU.

2.2.2 List of DCH Frame Protocol Procedures

The following procedures are provided by the CCH Frame Protocol over Iub/Iur:

5.1
Data Transfer


5.1.0
General


5.1.1
Uplink


5.1.2
Downlink

5.2
Timing adjustment

5.3
Synchronization

5.4
Outer loop PC information transfer [FDD] 

5.5
Node Synchronization

5.6
Rx timing deviation measurement [TDD] 

5.7
DSCH TFCI Signalling [FDD] 

5.8
Radio Interface Parameter Update [FDD] 

5.9
Timing Advance [TDD] 

2.2.3 Impact of out of sequence delivery on Data Transfer

The timing of transmissions of data frames is handled by the Transport Channel Synchronisation (see TS25.401), which is not depending on the in-sequence delivery of data frames. The data frames contain a CFN field that contains the Connection Frame Number at which the data part has to be transmitted over the air interface. This CFN field is used to determine the correct timing of the transmission over the air interface. 

Timing requirements for the delivery of the data frames to the Node B are defined in the form of a receiving window (Figure 1). Delivery of data frames outside of these windows is already covered by the Release 99 specifications. Therefore the Data Transfer procedure is not depending on in-sequence delivery of the transport network.
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Figure 1: Illustration of TOAWS, TOAWE, LTOA and TOA (from 25.401, Sect. 7.1)

2.2.4 Impact of out of sequence delivery on Timing Adjustment

The Timing Adjustment procedure works independent for each incoming data frame. The CFN of the related frame is also reported back to the RNC in the Timing Adjustment control frame. Therefore the Timing Adjustment procedure is not depending on in-sequence delivery of the transport network. 

2.2.5 Impact of out of sequence delivery on Synchronization

The synchronisation procedure is used as a keep alive procedure if no user data is to be transmitted. Both UL and DL synchronisation control frames carry the CFN of the related frame. Therefore the Synchorinsation procedure is not depending on in-sequence delivery of the transport network.

2.2.6 Impact of out of sequence delivery on Outer loop PC information transfer [FDD]

A potential problem arises if two consecutive UL Outer loop power control frames are exchanged in their order. In this case, the receiver has not the status as expected by the sender of the control frame. However, this situation roughly corresponds to the loss of the second control frame, which carried the information that was overwritten by an earlier sent, but later arriving control frame. Such a loss of control frames is already possible in Release 99, and should therefore be handled correctly by the NodeB and SRNC. Therefore the Outer loop PC information transfer procedure is not depending on in-sequence delivery of the transport network.

2.2.7 Impact of out of sequence delivery on Node Synchronisation

Node Synchronisation control frames carry a timing stamp T1, which was set by the RNC, and which is echoed back by the NodeB. Since one Node Synchronization preocedure relates only to one timing stamp T1, it is only depending on the timing of the transmission, but not on in-sequence delivery.
2.2.8 Impact of out of sequence delivery on Rx timing deviation measurement

Rx timing deviation does not change very fast, only in the order of 0.5 seconds. Furthermore, the measurement is not coupled to a single frame. Therefore the Rx timing deviation measurement procedure is not depending on in-sequence delivery of the transport network.

2.2.9 Impact of out of sequence delivery on DSCH TFCI Signalling [FDD]

The handling of DSCH TFCI Signalling is similar to the handling of  data transfer, see 2.2.3.

2.2.10 Impact of out of sequence delivery on Radio Interface Parameter Update [FDD]

A potential problem arises if two consecutive Radio Interface Parameter Update control frames are exchanged in their order. In this case, the receiver has not the status as expected by the sender of the control frame. However, this situation roughly corresponds to the loss of the second control frame, which carried the information that was overwritten by an earlier sent, but later arriving control frame. Such a loss of control frames is already possible in Release 99, and should therefore be handled correctly by the NodeB and SRNC. Therefore the Radio interface parameter update procedure is not depending on in-sequence delivery of the transport network.
2.2.11 Impact of out of sequence delivery on Timing Advance [TDD]

In the Timing Advance control frame a CFN field is included to indicate the frame number where the timing advance will be changed. Therefore the Timing Advance procedure is not depending on in-sequence delivery of the transport network.

3 In-Sequence Delivery over Iub

3.1 
UTRAN Iub Interface User Plane Protocols for CCH Data Streams (25.435)

3.1.1 Services expected from data transport

In the current version of 25.435, the following service is required from the transport layer:

· In sequence delivery of Frame Protocol PDUs.

3.1.2 List of CCH Frame Protocol Procedures

The following procedures are provided by the CCH Frame Protocol over Iub:

5.1 
Data Transfer


5.1.1
RACH Channels


5.1.2
CPCH [FDD] Channels


5.1.3
Secondary-CCPCH related transport Channels


5.1.4
Downlink Shared Channels


5.1.5
[TDD — Uplink Shared Channels]

5.2
Node Synchronisation

5.3
DL Transport Channels Synchronisation

5.4
DL Timing Adjustment

5.5
[TDD – Dynamic PUSCH assignment]

5.6
DSCH TFCI Signalling [FDD]

5.7
Timing Advance [TDD]

3.1.3
Impact of out of sequence delivery on Data Transfer for Uplink Channels

In all RACH, CPCH, and USCH data frames, an CFN field corresponding to the SFN of the frame in which the payload was received is contained. No further constarints are applicable to the data frames. Therefore the RACH, CPCH and USCH data transfer procedure is not depending on in-sequence delivery of the transport network.

3.1.4
Impact of out of sequence delivery on Data Transfer for downlink channels

The data transfer for Secondary-CCPCH related transport channels and Downlink Shared Channels is similar to the procedure for DCH data frames over Iub and Iur, see 2.2.3. Therefore the Secondary-CCPCH related transport channels and Downlink Shared Channels data transfer procedure is not depending on in-sequence delivery of the transport network.

3.1.5
Impact of out of sequence delivery on Node Synchronisation

This procedure is similar to the Node Synchronisation procedure of  the DCH frame protocol on Iub/Iur, see section 2.2.7. Therefore the Node Synchronisation procedure is not depending on in-sequence delivery of the transport network.
3.1.6
Impact of out of sequence delivery on DL Transport Channels Synchronisation

This procedure is similar to the Synchronisation procedure of  the DCH frame protocol on Iub/Iur, see section 2.2.5. Therefore the DL Transport Channels Synchronisation procedure is not depending on in-sequence delivery of the transport network.
3.1.7
Impact of out of sequence delivery on DL Timing Adjustment

This procedure is similar to the Timing Adjustment procedure of  the DCH frame protocol on Iub/Iur, see section 2.2.4. Therefore the DL Timing Adjustment procedure is not depending on in-sequence delivery of the transport network.
3.1.8
Impact of out of sequence delivery on Dynamic PUSCH assignment [TDD]

In the Dynamic PUSCH assignment control frame an Activation CFN field is included to indicate the frame number where the allocation period of that PUSCH set starts. Therefore the Timing Advance procedure is not depending on in-sequence delivery of the transport network.
3.1.9
Impact of out of sequence delivery on DSCH TFCI Signalling [FDD]

The DSCH TFCI Signalling is similar to the procedure for DCH data frames over Iub and Iur, see 2.2.3. Therefore the DSCH TFCI Signalling procedure is not depending on in-sequence delivery of the transport network.

3.1.10
Impact of out of sequence delivery on Timing Advance [TDD]

This procedure is similar to the Timing Advance procedure of  the DCH frame protocol on Iub/Iur, see section 2.2.11. Therefore the Timing Advance procedure is not depending on in-sequence delivery of the transport network.
3.2 
UTRAN Iub/Iur Interface User Plane Protocol for DCH Data Streams (25.427)

This protocol is discussed in section 2.2.

4 Conclusion

The in-sequence delivery requirement on the transport network layer is not justified by the radio network layer specification. This requirement should be removed from release 99 specifications to avoid unnecessary restrictions on the independant evolution of the transport network layer in future releases

5 Proposal

It is proposed to 

- remove the in-sequence delivery requirement from TS25.427 for release 99 

- remove the in-sequence delivery requirement from TS25.435 for release 99

- remove the in-sequence delivery requirement from TS25.425 for release 99 after confirmation by RAN WG2 that the radio interface user plane, i.e. the RLC layer, can handle occasional out of sequence delivery.

The necessary CRs can be provided to the next RAN WG3 meeting.
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