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1.
Introduction
RRC Connection Establishment procedure is the first procedure that is performed by a UE to connect to the network. Because the UE cannot proceed to any other procedure without a valid RRC Connection, the RRC Connection Establishment procedure should always be successfully finished, except the case where the UE is not allowed to access the network. Thus, to guarantee successful establishment of RRC Connection, any failure during the RRC Connection Establishment procedure should be easily detected and should be informed to the network for operator to correct any problem.
2.
Discussion
In this section, we analyze the flow of RRC Connection Establishment procedure. The flow is shown in figure 1.
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Following steps are performed for the successful RRC Connection Establishment procedure.

1)
Step 0

RRC Connection Establishment procedure is initiated. UE RRC generates RRC Connection Request message. This is delivered to MAC.

2)
Step 1

UE MAC initiates random access procedure. RA preamble is transmitted.

3)
Step 2

eNB MAC transmits RA response.

4)
Step 3

UE MAC transmits MSG 3 which includes the CCCH PDU. The CCCH PDU is same as RRC Connection Request message. eNB MAC forwards the received CCCH PDU to eNB RRC.

5)
Step 4

eNB MAC transmits MSG 4. MSG 4 includes UE Contention Resolution MAC Control Element. This MAC CE is same as the CCCH PDU transmitted by the UE.

6)
Step 5

eNB MAC transmits MAC PDU. This MAC PDU includes the RRC Connection Setup message which is generated by eNB RRC.

7)
Step 6

UE RRC receives the RRC Connection Setup message. Now, the UE enters RRC_CONNECTED mode.

8)
Step 7

UE RRC generates RRC Connection Setup Complete message and delivers it to lower layer.

When RRC Connection Establishment procedure fails, it means that one of the above steps is not successful. In the following, possible causes of RRC Connection Establishment failure are listed:

1)
Case 1: Failure of RA Preamble transmission:

In this case, the UE fails to receive RA response. There can be three causes for this case.

A.
Cause 1A: Transmitted power of the RA preamble is not enough for eNB to detect.

B.
Cause 1B: There is a simultaneous RA attempt by other UE. 

C.
Cause 1C: Transmitted power of the RA response is not enough for UE to detect.

2)
Case 2: Failure of MSG 3 delivery

In this case, the MSG 3 transmitted by UE does not reach eNB.

A.
Cause 2A: Transmitted power of the MSG 3 is not enough.

B.
Cause 2B: There is a simultaneous transmission by other UE for RA procedure.

C.
Cause 2C: There is a HARQ NACK-to-ACK error.

3)
Case 3: Failure of MSG 4 delivery

In this case, the MSG 4 transmitted by eNB does not reach UE.

A.
Cause 3A: There is a DTX-to-ACK error

B.
Cause 3B: The UE loses contention resolution to other UE.
C.
Cause 3C: Transmitted power of the MSG 4 is not enough.

4)
Case 4: Failure of reception of RRC Connection Setup message

In this case, the UE fails to receive the RRC Connection Setup message transmitted by eNB. 

A.
Cause 4A: There is a NACK-to-ACK error

B.
Cause 4C: Transmitted power of the RRC Connection Setup message is not enough.

5)
Case 5: Failure of transmission of RRC Connection Setup Complete message

In this case, the UE fails to deliver RRC Connection Setup Complete message to eNB over AM RLC (SRB1).

A.
Cause 5D: There is a RLC problem.

Among the above cases, case 5 occurs after the UE moves from RRC_IDLE to RRC_CONNECTED. For the RLC problem in RRC_CONNECTED, the RLF report will be used to inform eNB of the problem. Thus, there is no need to address this case 5 in MDT framework.

Conclusion 1:

There is no need for UE to log and report the transmission failure of RRC Connection Setup Complete message

Because case 3 and case 4 are about the delivery of MAC PDU through DL-SCH before UE-specific configuration is used, these two cases are almost similar. The only difference between these two cases is that HARQ NACK is not transmitted in case 3. Assuming the eNB will make enough number of retransmissions for MSG 4 delivery, the failure of case 4 automatically means the failure of case 3. Because MSG4 and RRC Connection Setup message is transmitted over common channel that needs to reach entire area of a cell, there is no need to separately handle the case 3 and case 4 in MDT framework.

Conclusion 2:

There is no need for UE to log and report the reception failure of RRC Connection Setup message.

Then, case 1, 2 and 3 remains and these cases are related to RA procedure.

Causes of failure in case 1, 2 and 3 can be categorized into 3 areas:

· Category 1( UL problem ): Cause 1A, 2A and 3A 

· Category 2( Contention ): Cause 1B, 2B and 3B 

· Category 3( DL problem ): Cause 1C, 2C and 3C 

To let eNB identify the cause of RA procedure failure, the cause of the RA procedure should be delivered to eNB. However, it is not easy task for the UE to identify the cause of the RA procedure failure. For example, for the case where the UE does not receive any MSG 4, it may have been caused due to at least one of the following:

· There was a contention with other RRC_CONNECTED UE. If the RRC_CONNECTED UE wins the contention, T-C-RNTI included in the RA response will not be used for DL assignment.

· The transmission of MSG 3 was not successful due to HARQ-NACK-to-ACK error.

· The transmission of MSG 3 was not successful because there was interference from another UE.

· The transmission of MSG 3 was not successful because there was high UL interference. 

· The eNB has not conservatively scheduled DL radio resource for MSG 4. In this case, even if the UE succeed in detecting T-C-RNTI, it may not be able to decode DL-SCH.

· The other winning UE has successfully decoded MSG 4 while the losing UE has not yet decoded MSG 4.

Among these causes, there is no way for RRC_IDLE UE to know which really caused the RRC Connection Establishment failure. Similar reasoning can be applied to the failure where the UE could not receive a RA response. Thus, when there is a failure during the RA procedure, the UE cannot pin-point the exact cause of the failure. Accordingly, the best-effort information that can be delivered from the UE to eNB regarding the failure of RRC Connection Establishment procedure is the simple fact that there was a RA procedure failure.

Conclusion 3:

When RA procedure fails during RRC_IDLE, the UE logs the occurrence of a failure of RA procedure.

In addition to the occurrence of a failure of RA procedure, the UE can further log following information to assist network optimization:
· The available location information when the RA procedure failed.
· The available measurement result of the cells when the RA procedure failed.

· The used parameter when the RA procedure failed. E.g., the number of preamble transmission, transmission power, etc.
Conclusion 4:

When RA procedure fails during RRC_IDLE, following can be further logged:

-
The available location information where the RA procedure failed.
-
The available measurement result of the cells when the RA procedure failed.
- 
The used parameter when the RA procedure failed
3.
Conclusion and Proposal

Following can be concluded from above discussion:
Conclusion 1:

There is no need for UE to log and report the transmission failure of RRC Connection Setup Complete message

Conclusion 2:

There is no need for UE to log and report the reception failure of RRC Connection Setup message.

Conclusion 3:

When RA procedure fails during RRC_IDLE, the UE logs the occurrence of a failure of RA procedure.

Conclusion 4:

When RA procedure fails during RRC_IDLE, following can be further logged:

-
The available location information where the RA procedure failed.
-
The available measurement result of the cells when the RA procedure failed.

- 
The used parameter when the RA procedure failed
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