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1 Introduction

In some cases with the current RRC specification there is no way for UTRAN to be sure of which UTRAN originated message a given response message from the UE was related to. This paper gives examples when this problem occur and possible alternative ways to tackle it.

2 Discussion

2.1 Examples in which the problem occur

2.1.1 Example 1: Cell update during other RRC procedures
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Figure 1. 
Example with a cell update procedure triggered during an UTRAN mobility information procedure

As discussed in [1], a cell update procedure may be triggered by the UE in parallel to other RRC procedures. This example shows a cell update caused by cell re-selection at the point the UE received an UTRAN MOBILITY INFORMATION message.

The result will be that UTRAN will receive two UTRAN MOBILITY INFORMATION CONFIRM messages. One will belong to the UTRAN mobility information procedure, and one will belong to the cell update procedure. UTRAN could not be sure of which message that belongs to which procedure. 

UTRAN will need to wait for both messages, until both procedures can be regarded as completed. The same problem exists for the PHYSICAL CHANNEL RECONFIGURATION COMPLETE / FAILURE and TRANSPORT CHANNEL RECONFIGURATION COMPLETE / FAILURE messages, when certain variants of cell update is used during those procedures.

2.1.2 Example 2: Transmitting RRC STATUS as part of error handling

The RRC STATUS message is used to report protocol errors in procedures, where no procedure specific message (such as XXX FAILURE) could be used. 

Examples of procedures using RRC STATUS are:

· Downlink direct transfer

· UE dedicated paging (PAGING TYPE 2)

· Downlink outer loop control

· Uplink physical channel control

· Signalling flow release

· UE capability enquiry

· Counter check

In the example below we assume that UTRAN transmits two DOWNLINK DIRECT TRANSFER messages after each other. In the first message there is a protocol error, but the second one is correct.
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Figure 2.
Example with an RRC STATUS message triggered by an invalid DOWNLINK DIRECT TRANSFER message

According to the specification, the UE will transmit an RRC STATUS message triggered by the first DOWNLINK DIRECT TRANSFER message, and handle the second DOWNLINK DIRECT TRANSFER message normally.

However, when UTRAN receives the RRC STATUS message, it can not be sure of which of the two DOWNLINK DIRECT TRANSFER messages that were not handled by the UE.

2.2 Alternatives

2.2.1 Alternative 1 – ignore the problem

This is not a safe alternative. The problem exists and other problematic cases than those two above may probably be identified.

2.2.2 Alternative 2 – Solution using message names and limitation of parallel invocations

This solution would introduce some rules and changes to present procedures:

1. For each UTRAN originated message type, there is one unique response message from the UE. In case of the cell update procedure, the response message to CELL UPDATE CONFIRM would then be an new message.

2. All UTRAN originated RRC messages will always have a UE originated RRC message as response. For instance, the DOWNLINK DIRECT TRANSFER message will need a DOWNLINK DIRECT TRANSFER COMPLETE message from the UE as response.

3. UTRAN should not invoke a procedure of the same type while awaiting the response message from the UE. For instance, UTRAN should never transmit a second DOWNLINK DIRECT TRANSFER message until receiving a DOWNLINK DIRECT TRANSFER COMPLETE/FAILURE message for the first one for the same UE. 

The main disadvantage with this solution can be seen in the two last points. The amount of uplink signalling messages will be increased. Also, the throughput of e.g. downlink direct transfer will be lower. 

Moreover, the solution is not completely proof. If UTRAN anyway invokes parallel procedures or if a response message is lost, UTRAN will not be able to know by 100% which of the two procedures that failed and which went OK.

2.2.3 Alternative 3 – Solution using a transaction identifier

This solution relies on an additional IE that needs to be present in the RRC messages using this method. A similar method is used by RAN3 for the RNSAP [2] and NBAP [3] protocols.

The idea is that UTRAN sets the IE “Transaction ID” to a value in a downlink message, e.g. CELL UPDATE CONFIRM of DOWNLINK DIRECT TRANSFER. When the UE responds to this message, it shall use the same value of the IE “Transaction ID” in the response message (independently of which message that is used as response).
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Figure 3.
Application of transaction identifier to the first example
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Figure 4.
Application of transaction identifier to the second example

In this way, UTRAN will be able to associate response messages with UTRAN originating messages, provided it uses different values of “Transaction ID” in subsequent messages (by e.g. incrementing the “Transaction ID” by 1 for each procedure).

The value range for the “Transaction ID” depends on the number of subsequent UTRAN originated messages that can be sent within a given time period and the expected delay for the response messages, which can be expressed as the relation between downlink and uplink throughput in RRC messages per second. See the example below where this relation is equal to about 4:
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Figure 5.
The value range for the transaction identifier depends of the relation between downlink and uplink RRC message throughput

The RRC message throughput depends on the message size, bitrate, block error rate and the RLC configuration for the signalling radio bearers.  However, it is the relation between downlink and uplink that is important, and if we optimise for the symmetric case, it should be enough with a low value range, like 0..3 (2 bits) or 0..7 (3 bits).

The IE “Transaction Identifier” would be a needed in many RRC messages. The table below indicates the presence of transaction identifier in the defined RRC messages in TS 25.331 v3.4.1.

RRC message
Not present
Mandatory
Conditional

ACTIVE SET UPDATE

X


ACTIVE SET UPDATE COMPLETE 

X


ACTIVE SET UPDATE FAILURE 

X


CELL UPDATE 


X (NOTE 1)

CELL UPDATE CONFIRM

X


COUNTER CHECK

X


COUNTER CHECK RESPONSE

X


DOWNLINK DIRECT TRANSFER

X


DOWNLINK OUTER LOOP CONTROL

X


HANDOVER TO UTRAN COMMAND 
X



HANDOVER TO UTRAN COMPLETE 
X



INITIAL DIRECT TRANSFER 
X



INTER SYSTEM HANDOVER COMMAND 

X


INTER SYSTEM HANDOVER FAILURE 

X


MEASUREMENT CONTROL 

X


MEASUREMENT CONTROL FAILURE 

X


MEASUREMENT REPORT 
X



PAGING TYPE 1 
X



PAGING TYPE 2 

X


PHYSICAL CHANNEL RECONFIGURATION 

X


PHYSICAL CHANNEL RECONFIGURATION COMPLETE 

X


PHYSICAL CHANNEL RECONFIGURATION FAILURE 


X (NOTE 2)

PHYSICAL SHARED CHANNEL ALLOCATION 

X


PUSCH CAPACITY REQUEST 


X (NOTE 1)

RADIO BEARER RECONFIGURATION 

X


RADIO BEARER RECONFIGURATION COMPLETE 

X


RADIO BEARER RECONFIGURATION FAILURE 

X


RADIO BEARER RELEASE 

X


RADIO BEARER RELEASE COMPLETE 

X


RADIO BEARER RELEASE FAILURE 

X


RADIO BEARER SETUP 

X


RADIO BEARER SETUP COMPLETE 

X


RADIO BEARER SETUP FAILURE 

X


RRC CONNECTION RE- ESTABLISHMENT 

X


RRC CONNECTION RE- ESTABLISHMENT COMPLETE 

X


RRC CONNECTION RE- ESTABLISHMENT REQUEST 


X (NOTE 1)

RRC CONNECTION REJECT 

X


RRC CONNECTION RELEASE 

X


RRC CONNECTION RELEASE COMPLETE 

X


RRC CONNECTION REQUEST 


X (NOTE 3)

RRC CONNECTION SETUP 

X


RRC CONNECTION SETUP COMPLETE 

X


RRC STATUS 

X


SECURITY MODE COMMAND 

X


SECURITY MODE COMPLETE 

X


SECURITY MODE FAILURE 

X


SIGNALLING FLOW RELEASE 

X


SIGNALLING FLOW RELEASE REQUEST 
X



SYSTEM INFORMATION 
X



SYSTEM INFORMATION CHANGE INDICATION 
X



TRANSPORT CHANNEL RECONFIGURATION 

X


TRANSPORT CHANNEL RECONFIGURATION COMPLETE 

X


TRANSPORT CHANNEL RECONFIGURATION FAILURE 

X


TRANSPORT FORMAT COMBINATION CONTROL 

X


TRANSPORT FORMAT COMBINATION CONTROL FAILURE 

X


UE CAPABILITY ENQUIRY 

X


UE CAPABILITY INFORMATION 
X



UE CAPABILITY INFORMATION CONFIRM 
X



UPLINK DIRECT TRANSFER 
X



UPLINK PHYSICAL CHANNEL CONTROL 

X


URA UPDATE 


X (NOTE 1)

URA UPDATE CONFIRM 

X


UTRAN MOBILITY INFORMATION 

X


UTRAN MOBILITY INFORMATION CONFIRM 

X


UTRAN MOBILITY INFORMATION FAILURE 

X


NOTE 1:
The Transaction identifier is only present if the message is sent because of a protocol error in a received message.

NOTE 2:
The Transaction identifier is only present if the message is sent as a response to a received message.

NOTE 3:
The Transaction identifier is only present if the message is sent because of a protocol error in a received message, but it is FFS because of size constraints of the message.

The advantage with this solution is that it solves the problem, without adding signalling messages. The additional complexity and changes in the RRC specification is minor, compared to alternative 2. The disadvantage is that a few bits (the value range is not proposed here and is yet to be decided) to carry the Transaction ID is consumed in RRC messages.

3 Proposal

How to tackle the association of response messages from the UE with their corresponding UTRAN originated message needs to be decided. 

The proposal is to go for alternative 3, transaction identifier, since it should be the most future proof solution. 
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Appendix: Text from RNSAP specification [2] on the IE “Transaction ID”

The text is given as an example and the proposal is not to include an identical text into the RRC specification. The value range for a transaction ID for RRC is not proposed at this point but is probably smaller than in RNSAP, because of limited capabilities of parallel transactions in the RRC protocol, size constraints and limitations on UE performance.

9.2.1.59
Transaction ID

The Transaction ID is used to associate all the messages belonging to the same procedure. Messages belonging to the same procedure shall use the same Transaction ID.

The Transaction ID is determined by the initiating peer of a procedure.

For procedures addressed to a specific UE context, the Transaction ID shall uniquely identify a procedure among all ongoing parallel procedures for the same UE using the same procedure code, and initiated by the same protocol peer.

For procedures not addressed to a specific UE context, the Transaction ID shall uniquely identify a procedure among all ongoing parallel procedures using the same procedure code, and initiated by the same protocol peer.

IE/Group Name
Presence
Range
IE type and reference
Semantics description

Transaction ID


CHOICE INTEGER (0..127) or INTEGER (0..32767)
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