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Introduction

The condition of successful handover completion (i.e. CondA) was agreed at the last RAN2 meeting. For contention based handover, the procedure is considered successful when a PDCCH transmission addressed to the C-RNTI of the UE is received (i.e. A6). It is considered successful for contention free handover when a valid Random Access Response is received (i.e. A3).

Based on the above decision, this paper discusses several issues on the current handover procedure in the RRC specification [1].

Discussion

Several issues on the current handover procedure are highlighted below in the quoted text and described in the following paragraphs:
5.3.5
RRC connection reconfiguration

5.3.5.1
General
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Figure 5.3.5.1-1: RRC connection reconfiguration, successful
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Figure 5.3.5.1-2: RRC connection reconfiguration, failure

The purpose of this procedure is to modify an RRC connection, e.g. to establish/ modify/ release RBs, to perform handover, to configure/ modify measurements. As part of the procedure, NAS dedicated information may be transferred from E-UTRAN to the UE. 

5.3.5.2
Initiation

E-UTRAN may initiate the RRC connection reconfiguration procedure to a UE in RRC_CONNECTED. E-UTRAN applies the procedure as follows:

-
the mobilityControlInformation is included only when AS-security has been activated;

-
the establishment of RBs (other than SRB1, that is established during RRC connection establishment) is included only when AS-security has been activated;

5.3.5.3
Reception of the RRCConnectionReconfiguration by the UE

The UE shall:

1> If the RRCConnectionReconfiguration message includes the mobilityControlInformation: 

2> perform the handover procedure as specified in 5.3.6;
NOTE 1:
Security reconfiguration only applies in case of a handover and hence is specified in the corresponding section.

1> If the RRCConnectionReconfiguration message includes the nas-DedicatedInformation: 

2>
Forward the nas-DedicatedInformation to upper layers;

1> If the RRCConnectionReconfiguration message includes the radioResourceConfiguration: 

2> perform the Radio resource configuration procedure as specified in 5.3.9; 
[Issue 1: Redundant UE actions upon the radioResourceConfiguration for handover]
1> If the RRCConnectionReconfiguration message includes the ue-RelatedInformation:

2>
set the C-RNTI to the value of the newUE-Identity, if received;

[Issue 2: C-RNTI update for handover]
1> If the RRCConnectionReconfiguration message includes the measurementConfiguration:

2> perform the Measurement configuration procedure as specified in 5.5.2;

NOTE 2:
If the RRCConnectionReconfiguration message includes the establishment of radio bearers others than SRB1, the UE may start using these radio bearers immediately, i.e. there is no need to wait for an outstanding acknowledgment of the SecurityModeComplete message.

1>
If the UE successfully completes all the procedures invoked by the RRCConnectionReconfiguration message: 
2> perform the actions related to the transmission of the RRCConnectionReconfigurationComplete message as specified in 5.3.5.4.  

[Issue 3: Transmission of RRCConnectionReconfigurationComplete message for handover]
1>
else if the RRCConnectionReconfiguration message includes the mobilityControlInformation:

2>
apply the handover failure procedure as specified in 5.3.6.3;

1>
else:

2>
revert back to the configuration used prior to the reception of the RRCConnectionReconfiguration message;
NOTE 3:
If one or more procedure fails, the UE rejects all procedures invoked by the RRCConnectionReconfiguration message i.e. including the ones it is able to complete successfully.

2> perform the actions related to the transmission of the RRCConnectionReconfigurationFailure message as specified in 5.3.5.5.

5.3.5.4
Actions related to transmission of RRCConnectionReconfigurationtComplete message
The UE shall 

1> submit the RRCConnectionReconfigurationComplete message to lower layers for transmission using the new configuration, upon which the procedure ends. [Issue 4: Procedure end for handover]
5.3.5.5
Actions related to transmission of RRCConnectionReconfigurationtFailure message
The UE shall 

Editor's note:
So far, the RRCConnectionReconfigurationFailure is a message not including any diagnostics information, i.e. not even an indication of the parts that cause the failure, e.g. the type of reconfiguration, the identity of a failed RB.

1> submit the RRCConnectionReconfigurationFailure message to lower layers for transmission, upon which the procedure ends.

5.3.6
Handover

NOTE:
The UE should perform the handover as soon as possible following the reception of the RRC message triggering the handover, which could be before confirming successful reception (HARQ and ARQ) of this message.

5.3.6.1
Reception of the handover command

The UE shall:

1>
start timer T304;

1>
stop timer T310, if running;

1>
if the eutra-CarrierFreq is included:

2>
consider the target cell to be one on the frequency indicated by the eutra-CarrierFreq with a physical cell identity indicated by the targetCellIdentity;

1>
else:

2>
consider the target cell to be one on the current frequency with a physical cell identity indicated by the targetCellIdentity;

1>
if the eutra-CarrierBandwidth is included:

2>
for the target cell, apply the bandwidth indicated by the eutra-CarrierBandwidth;

1>
else:

2>
for the target cell, apply the same bandwidth as for the current cell;

1> synchronise to the DL of the target cell;
1>
if the mobilityControlInformation does not include the semiStaticCommonChConfig (FFS):

2>
acquire the SystemInformationBlockType2 from the target cell;

Editor's note:
It is FFS if the network shall always include the semiStaticCommonChConfig in a handover command

1>
request MAC to perform the random access procedure as specified in TS 36.321 [6], using the applicable (e.g. random access/ PRACH) configuration parameters;

Editor's note:
It has been agreed that the UE is not required to determine the SFN of the target cell by acquiring system information from that cell.

5.3.6.2
Successful handover completion

1> If MAC indicates successful completion of the random access procedure: 

2>
stop timer T304;

2> If the RRCConnectionReconfiguration message includes the securityConfiguration: 

3>
apply the AS-derived keys associated with the AS-base key indicated by the keyIndicator;

3>
configure lower layers to apply the indicated integrity protection algorithm immediately, i.e. the new algorithm shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure;

3>
configure lower layers to apply the indicated ciphering algorithm immediately, i.e. the new algorithm shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure; 
2>
act upon the received radioResourceConfiguration as specified in 5.3.9; [Issue 5: Configuration update for handover]
2> for each RB that is established, re-establish the corresponding RLC entity and reset the corresponding MAC entity; 
2>
indicate the occurrence of handover to PDCP; [Issue 6: Handover indication to PDCP]
NOTE:
The handling of the radio bearers after the successful completion of handover, e.g. the re-transmission of unacknowledged PDCP SDUs (as well as the associated status reporting), the handling of the SN and the HFN, is specified in [8].

Editor's note:
So far no need has been identified for including handover related RRC information in the RRCConnectionReconfigurationComplete message (as would be specified in this section)

5.3.6.3
T304 expiry (handover failure)

The UE shall:

1> If T304 expires (handover failure): 

2>
start timer T311;

2>
select a suitable cell in accordance with the cell selection process as specified in [4];

Editor's note:
It has been agreed that the UE shall prioritise E-UTRA frequencies, but is allowed to select another RAT prior to T311 expiry. It is FFS if constraints will be specified regarding how long the UE shall refrain from considering other RATs.

2>
revert back to the configuration used in the source cell (details are FFS);

Editor's note:
The UE ignores the configuration received in the message triggering the handover and applies the source cell configuration e.g. C-RNTI. Further details are FFS, i.e. which part of the configuration is restored (e.g. upper parts of L2) and what part of the configuration is cleared (e.g. parts of/ complete L1-configuration)

2>
Upon selecting an E-UTRA cell while T311 is running:

3>
initiate the connection re-establishment procedure as specified in 5.3.7, upon which initiation the procedure ends.

2>
Upon selecting an inter-RAT cell while T311 is running:

3>
perform the actions upon moving from RRC_CONNECTED to RRC_IDLE as specified in 5.3.11.

Editor's note:
The actions the UE shall perform upon T311 expiry are assumed to be covered by 5.3.10.5 i.e. it is assumed that there is no need to specify these requirements in this section also.

[End Of Quotation]

Issue 1: Redundant UE actions upon the radioResourceConfiguration for handover
Upon reception of the RRCConnectionReconfiguration message with the mobilityControlInformation, the UE performs the handover procedure, which already contains actions upon the radioResourceConfiguration. But after the handover procedure, the individual radio resource configuration procedure is performed again. So the radio resource configuration is redundant for the handover case.

Proposal 1. To remove the redundancy, it is proposed that the individual radio resource configuration procedure is performed only if the RRCConnectionReconfiguration message does not include the mobilityControlInformation.

Issue 2: C-RNTI update for handover
In 5.3.5.3, C-RNTI update is performed after the handover procedure. Since the new C-RNTI will be included in message-3 during the contention based handover procedure, we think C-RNTI update should not be delayed after the handover procedure.

Proposal 2. It is proposed to perform C-RNTI update before the handover procedure.
Issue 3: Transmission of RRCConnectionReconfigurationComplete message for handover
It is currenly specified that the UE transmits the RRCConnectionReconfigurationComplete message after the UE completes all the procedures invoked by the RRCConnectionReconfiguration message. But for contention based handover, the RRCConnectionReconfigurationComplete message should be transmitted during the random access procedure. Therefore, the timing for transmission of the RRCConnectionReconfigurationComplete message is not suitable for the handover case.

Proposal 3. It is proposed that for handover RRC submits the RRCConnectionReconfigurationComplete message to lower layers for transmission right after it requests MAC to perform the random access procedure.

Issue 4: Procedure end for handover
In 5.3.5.4, it is specified that the RRC Connection Reconfiguration procedure ends after submitting the RRCConnectionReconfigurationComplete message to lower layers for transmission. But this is not appropriate for the contention based handover procedure. UE needs to receive the Contention Resolution message after message-3 transmission. Besides, the mesaurement configuration procedure needs to be performed if the mesaurementConfiguration is included.

Proposal 4. It is proposed that for successful case the RRC Connection Reconfiguration procedure ends when all the invoked procedures are completed.

Issue 5: Configuration update for handover
Since the RRCConnectionReconfigurationComplete message should be transmitted using the new configuration, we think the configuration update for security and radio resource should be performed before transmission of the RRCConnectionReconfigurationComplete message. 

Proposal 5. It is proposed that the security and radio resource reconfiguration is performed before initiating the random access procedure.
Issue 6: Handover indication to PDCP
According to the PDCP specification, when the upper layer indicates a handover has occurred, the PDCP shall reset HFNs and SNs for SRBs, which should be performed before transmission of the RRCConnectionReconfigurationComplete message so that the security on this message can be synchronised between UE and target eNB. 

Besides, it is specified in 5.3.6.2 that RRC re-establishes RLC and resets MAC before indicating handover occurrence to PDCP. We think lower layers re-establishment/reset should be performed after handover occurrence indication to PDCP so that PDCP can activate the reordering function before the PDUs from lower layers are received. Otherwise, these PDUs will be delivered to the upper layers as usual without re-ordering in PDCP.

Proposal 6. It is proposed that the security and radio resource reconfiguration is performed before initiating the random access procedure. And lower layers re-establishment/reset should be performed after handover occurrence indication to PDCP.
Conclusion 

In this paper we discuss several issues on the handover procedure. The following proposals are rasied:

Proposal 1. To remove the redundancy, it is proposed that the individual radio resource configuration procedure is performed only if the RRCConnectionReconfiguration message does not include the mobilityControlInformation.

Proposal 2. It is proposed to perform C-RNTI update before the handover procedure.
Proposal 3. It is proposed that RRC submits the RRCConnectionReconfigurationComplete message to lower layers for transmission right after it requests MAC to perform the random access procedure.

Proposal 4. It is proposed that for successful case the RRC Connection Reconfiguration procedure ends when all the invoked procedures are completed.

Proposal 5. It is proposed that the security and radio resource reconfiguration is performed before initiating the random access procedure.
Proposal 6. It is proposed that the security and radio resource reconfiguration is performed before initiating the random access procedure. And lower layers re-establishment/reset should be performed after handover occurrence indication to PDCP.
We kindly ask the group to discuss them and make decisions.

Text proposal is attached below for reference.
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Text Proposal (on R2-082050, RRC update after RAN2#61bis):
5.3.5
RRC connection reconfiguration

5.3.5.1
General
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Figure 5.3.5.1-1: RRC connection reconfiguration, successful
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Figure 5.3.5.1-2: RRC connection reconfiguration, failure

The purpose of this procedure is to modify an RRC connection, e.g. to establish/ modify/ release RBs, to perform handover, to configure/ modify measurements. As part of the procedure, NAS dedicated information may be transferred from E-UTRAN to the UE. 

5.3.5.2
Initiation

E-UTRAN may initiate the RRC connection reconfiguration procedure to a UE in RRC_CONNECTED. E-UTRAN applies the procedure as follows:

-
the mobilityControlInformation is included only when AS-security has been activated;

-
the establishment of RBs (other than SRB1, that is established during RRC connection establishment) is included only when AS-security has been activated;

5.3.5.3
Reception of the RRCConnectionReconfiguration by the UE

The UE shall:

1> If the RRCConnectionReconfiguration message includes the ue-RelatedInformation:

2>
set the C-RNTI to the value of the newUE-Identity, if received; [Proposal 2]
1> If the RRCConnectionReconfiguration message includes the mobilityControlInformation: 

2> perform the handover procedure as specified in 5.3.6;

NOTE 1:
Security reconfiguration only applies in case of a handover and hence is specified in the corresponding section.

1> else if the RRCConnectionReconfiguration message includes the radioResourceConfiguration: 

2>perform the Radio resource configuration procedure as specified in 5.3.9; [Proposal 1]
1> If the RRCConnectionReconfiguration message includes the nas-DedicatedInformation: 

2>
Forward the nas-DedicatedInformation to upper layers;





1> If the RRCConnectionReconfiguration message includes the measurementConfiguration:

2> perform the Measurement configuration procedure as specified in 5.5.2;

NOTE 2:
If the RRCConnectionReconfiguration message includes the establishment of radio bearers others than SRB1, the UE may start using these radio bearers immediately, i.e. there is no need to wait for an outstanding acknowledgment of the SecurityModeComplete message.

1>
If the UE successfully completes all the procedures invoked by the RRCConnectionReconfiguration message: 
2> if the RRCConnectionReconfiguration message does not include the mobilityControlInformation: [Proposal 3]
3> perform the actions related to the transmission of the RRCConnectionReconfigurationComplete message as specified in 5.3.5.4.

2> the procedure ends. [Proposal 4]
1>
else if the RRCConnectionReconfiguration message includes the mobilityControlInformation:

2>
apply the handover failure procedure as specified in 5.3.6.3;

1>
else:

2>
revert back to the configuration used prior to the reception of the RRCConnectionReconfiguration message;
NOTE 3:
If one or more procedure fails, the UE rejects all procedures invoked by the RRCConnectionReconfiguration message i.e. including the ones it is able to complete successfully.

2> perform the actions related to the transmission of the RRCConnectionReconfigurationFailure message as specified in 5.3.5.5.
5.3.5.4
Actions related to transmission of RRCConnectionReconfigurationtComplete message
The UE shall 

1> submit the RRCConnectionReconfigurationComplete message to lower layers for transmission using the new configuration. [Proposal 4]
5.3.5.5
Actions related to transmission of RRCConnectionReconfigurationtFailure message
The UE shall 

Editor's note:
So far, the RRCConnectionReconfigurationFailure is a message not including any diagnostics information, i.e. not even an indication of the parts that cause the failure, e.g. the type of reconfiguration, the identity of a failed RB.

1> submit the RRCConnectionReconfigurationFailure message to lower layers for transmission, upon which the procedure ends.

5.3.6
Handover

NOTE:
The UE should perform the handover as soon as possible following the reception of the RRC message triggering the handover, which could be before confirming successful reception (HARQ and ARQ) of this message.

5.3.6.1
Reception of the handover command

The UE shall:

1>
start timer T304;

1>
stop timer T310, if running;

1> if the RRCConnectionReconfiguration message includes the securityConfiguration: [Proposal 5]
2>
apply the AS-derived keys associated with the AS-base key indicated by the keyIndicator;

2>
configure lower layers to apply the indicated integrity protection algorithm immediately, i.e. the new algorithm shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure;

2>
configure lower layers to apply the indicated ciphering algorithm immediately, i.e. the new algorithm shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure;

1>
act upon the received radioResourceConfiguration as specified in 5.3.9;
1>
indicate the occurrence of handover to PDCP; [Proposal 6]
1> for each RB that is established, re-establish the corresponding RLC entity and reset the corresponding MAC entity; 
NOTE:
The handling of the radio bearers after the successful completion of handover, e.g. the re-transmission of unacknowledged PDCP SDUs (as well as the associated status reporting), the handling of the SN and the HFN, is specified in [8].

1>
if the eutra-CarrierFreq is included:

2>
consider the target cell to be one on the frequency indicated by the eutra-CarrierFreq with a physical cell identity indicated by the targetCellIdentity;

1>
else:

2>
consider the target cell to be one on the current frequency with a physical cell identity indicated by the targetCellIdentity;

1>
if the eutra-CarrierBandwidth is included:

2>
for the target cell, apply the bandwidth indicated by the eutra-CarrierBandwidth;

1>
else:

2>
for the target cell, apply the same bandwidth as for the current cell;

1> synchronise to the DL of the target cell;
1>
if the mobilityControlInformation does not include the semiStaticCommonChConfig (FFS):

2>
acquire the SystemInformationBlockType2 from the target cell;

Editor's note:
It is FFS if the network shall always include the semiStaticCommonChConfig in a handover command

1>
request MAC to perform the random access procedure as specified in TS 36.321 [6], using the applicable (e.g. random access/ PRACH) configuration parameters;

Editor's note:
It has been agreed that the UE is not required to determine the SFN of the target cell by acquiring system information from that cell.

1>
perform the actions related to the transmission of the RRCConnectionReconfigurationComplete message as specified in 5.3.5.4; [Proposal 3]
Editor's note:
So far no need has been identified for including handover related RRC information in the RRCConnectionReconfigurationComplete message (as would be specified in this section)

5.3.6.2
Successful handover completion

1> If MAC indicates successful completion of the random access procedure: 

2>
stop timer T304;









5.3.6.3
T304 expiry (handover failure)

The UE shall:

1> If T304 expires (handover failure): 

2>
start timer T311;

2>
select a suitable cell in accordance with the cell selection process as specified in [4];

Editor's note:
It has been agreed that the UE shall prioritise E-UTRA frequencies, but is allowed to select another RAT prior to T311 expiry. It is FFS if constraints will be specified regarding how long the UE shall refrain from considering other RATs.

2>
revert back to the configuration used in the source cell (details are FFS);

Editor's note:
The UE ignores the configuration received in the message triggering the handover and applies the source cell configuration e.g. C-RNTI. Further details are FFS, i.e. which part of the configuration is restored (e.g. upper parts of L2) and what part of the configuration is cleared (e.g. parts of/ complete L1-configuration)

2>
Upon selecting an E-UTRA cell while T311 is running:

3>
initiate the connection re-establishment procedure as specified in 5.3.7, upon which initiation the procedure ends.

2>
Upon selecting an inter-RAT cell while T311 is running:

3>
perform the actions upon moving from RRC_CONNECTED to RRC_IDLE as specified in 5.3.11.

Editor's note:
The actions the UE shall perform upon T311 expiry are assumed to be covered by 5.3.10.5 i.e. it is assumed that there is no need to specify these requirements in this section also.
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