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Discussion and decision
1.  Introduction
Measurement handling at inter-frequency handover was discussed by email between RAN2 #63 and #63bis. This paper presents NTT DOCOMO’s views regarding this issue.
2. Discussion
2.1
Measurement configuration handling at inter-frequency handover
Regarding measurement handling at inter-frequency handover, TS 36.331 v8.3.0 states in 5.5.6.1.3:

	5.5.6.1.3
Measurement related actions upon inter-frequency handover

E-UTRAN applies the handover procedure as follows:

- when performing the handover procedure, as specified in 5.3.5.4, ensure that a measObjId is configured with the eutra-CarrierInfo set to the target frequency;
The UE shall:

1>
If the RRCConnectionReconfiguration message triggering the handover does not include the IE measurement configuration:

2>
continue the intra-frequency measurements as follows:

3>
for each measId value in the parameter measIdList within VarMeasurementConfiguration that is linked to the measObjId value in the parameter measObjectList within VarMeasurementConfiguration whose eutra-CarrierInfo is set to the source carrier frequency:

4>
link this measId value to the measObjId value in the parameter measObjectList within VarMeasurementConfiguration whose eutra-CarrierInfo is set to the target frequency;

2>
stop all inter-frequency and inter-RAT measurements while keeping the measurement configuration unchanged;

NOTE 2
The UE resumes the applicable inter-frequency measurements after the E-UTRAN has configured the corresponding measurement object and activated the (corresponding) measurement gap(s)

2>
deactivate the measurement gap, if activated.

NOTE
If the IE measurementConfiguration is included, then the normal procedure in 5.5.2 is performed


As such, the measurement handling is different depending on whether the IE measurementConfiguration is included in the RRCConnectionReconfiguration message that is used to trigger the inter-frequency handover. That is, the implicit update of the measIds to continue intra-frequency measurements is only performed when measurementConfiguration is not present in the message.
However, no strong logical reason seems to exist for differentiating the two cases, and such different handling seems to be unnecessary. That is, the implicit updating can always be processed, regardless of whether the message triggering handover includes measurementConfiguration or not. As long as the implicit update is always processed prior to processing the measurementConfiguration, the behaviour is clear and unique.
Then, the implicit updating seems to be only halfway logical, if only the measIds corresponding to the source frequency measObject is rewired to the target frequency measObject. The current RRC implies that measIds corresponding to the target frequency measObject remains the same. The implicit updating would be more logical and complete, if also the measIds corresponding to the target frequency measObject is rewired to the source frequency measObject. Having this “swapping” would be beneficial for the following reasons:

· An inter-frequency handover is normally triggered after a measurement report on the target frequency. In this respect, normally at least one measId should be configured for the target frequency prior to handover. However, this measId would likely be irrelevant after the handover, as inter-frequency reporting configuration would likely be different from that of intra-frequency, e.g., different time-to-trigger may apply. As such, to remove this irrelevant measId, a measurementConfiguration needs to be sent. Although this can be sent in the same message triggering the handover, presence of the measurementConfiguration takes away the benefits of the implicit measId updating (as this will not be performed due to the presence of the measurementConfiguration).
· It would be more logical to assume that the reporting configuration for the target frequency prior to the handover becomes applicable to the source frequency after a handover, considering handovers between equal priority layers (i.e., perhaps the most likely case). As such, remapping of the measIds, that were linked to the target frequency measObject, to the source frequency measObject would be beneficial.
Therefore, the measId linkings to the source and target measObjects shall be swapped at inter-frequency handover.

However, the case when the target frequency measObject is not present needs to be clarified (the source frequency measObject should always be present, as per RAN2 agreements). This would be possible in case of blind handover. In this case, the concerned measIds can simply be removed. Note that the measObject for the target frequency, as well as the correponding measIds, can still be configured by the measurementConfiguration that is sent together with the handover command and processed after the implicit swapping according to our proposal.
In the email discussion, several companies proposed to implicitly remove all measIds corresponding to inter-frequency/ RAT measObjects at inter-frequency handover, if the message triggering handover does not include measurementConfiguration. Although this sounds simple, there is no clear reason why measIds corresponding to measObjects other than the source/ target frequencies need to be removed. At least, it seems more logical to assume that inter-RAT measurement configurations should remain the same after a handover. As signalling to add/ modify a measId is more costly than removing a measId, our proposal is to keep all measIds corresponding to measObjects other than the source/ target frequencies. Note that for the meaIds linked to the source/ target frequency measObjects, the linkings can be swapped as previously described. This proposed handling is believed to be more signalling efficient.

In summary, the followings are proposed regarding measurement configuration handling at inter-frequency handover:

Proposal 1:
For the measIds mapped to the measObjects corresponding to the source/ target frequencies, the linkings to the measObjects shall be swapped;
Proposal 2:
The swapping shall always be performed at inter-frequency handover, regardless whether the  RRCConnectionReconfiguration message includes measurementConfiguration or not;
Proposal 3:
If no target object was present at the time of swapping (note that a measObject for the target frequency can still be configured by the measurementConfiguration that is processed after the swapping), the concerned measIds for swapping shall be removed implicitly;
Proposal 4:
For all other measIds (i.e., linked to measObjects other than the source/ target frequencies), they shall be retained.
2.2
Measurement handling at inter-frequency handover
At handover (intra-frequency or inter-frequency), it is expected that all triggered reporting events are reset. Although one can argue that for Events A4 and B1, they can be maintained since it does not involve measurements on the source cell, this is perhaps an unnecessary optimisation. For all other Events currently defined in RRC, a triggered reporting event relates to measurements on the source cell, and hence, shall be reset. Whether measurement reports for the Periodical reporting configuration shall be reset or continued can be discussed.
Yet, whether the UE shall continue the actual measurements need to be clarified. In practice, whether the UE can continue inter-frequency/ RAT measurements or not depends on whether the UE needs measurement gaps or not.
· For a UE requiring measurement gaps, the current RAN2 assumption is that the gaps are implicitly deactivated at handover. As such, inter-frequency/ RAT measurements cannot be continued, unless gaps are already activated by the handover command. Activating gaps already by the handover command seems to be a bit tricky, since the UE has not obtained the SFN of the target cell at the time of handover. Since the RRC specification only mandates the UE to read the target cell MIB “as soon as possible” after handover, when the UE actually starts creating gaps is unknown to the eNB. Nevertheless, the eNB can apply a conservative policy and avoid scheduling at any potential gaps already from the beginning when the UE arrives to the cell. Then, gap activation by the handover command would still be possible. Then, if gaps are already activated by the handover command, the UE can continue inter-frequency/ RAT measurements. Otherwise, inter-frequency/ RAT measurements would be suspended until the UE receives gap activation after the handover. In a typical network configuration, inter-frequency/ RAT measurements are performed when the serving cell quality drops below a threshold (e.g., when Event A2 has been reported). Then, in most cases gaps would be activated after such criteria are met in the target cell.
· For a UE not requiring measurement gaps, the UE can continue inter-frequency/ RAT measurements after handover. If the network thinks inter-frequency/ RAT measurements are unnecessary after a handover, it can always remove the unnecessary measIds. When inter-frequency/ RAT measurements become later necessary, the network can reconfigure the measurements.
In summary, the followings are proposed regarding measurement continuation after inter-frequency handover:

Proposal 5:
All triggered reporting events shall be reset at inter-frequency handover (also applies to intra-frequency handover);
Proposal 6:
Whether measurement reports for the Periodical reporting configuration shall be reset or continued should be discussed;
Proposal 7:
Measurement gap activation by the RRCConnectionReconfiguration message triggering handover shall be possible (also applies to intra-frequency handover);
Proposal 8:
Inter-frequency/ RAT measurements shall continue after inter-frequency handover (also applies to intra-frequency handover), if the UE capability allows (i.e., no gaps required) or gaps are activated by the handover command.
3. Conclusions
The followings are proposed regarding measurement handling at inter-frequency handover:

Proposal 1:
For the measIds mapped to the measObjects corresponding to the source/ target frequencies, the linkings to the measObjects shall be swapped;

Proposal 2:
The swapping shall always be performed at inter-frequency handover, regardless whether the  RRCConnectionReconfiguration message includes measurementConfiguration or not;

Proposal 3:
If no target object was present at the time of swapping (note that a measObject for the target frequency can still be configured by the measurementConfiguration that is processed after the swapping), the concerned measIds for swapping shall be removed implicitly;

Proposal 4:
For all other measIds (i.e., linked to measObjects other than the source/ target frequencies), they shall be retained.

Proposal 5:
All triggered reporting events shall be reset at inter-frequency handover (also applies to intra-frequency handover);

Proposal 6:
Whether measurement reports for the Periodical reporting configuration shall be reset or continued should be discussed;

Proposal 7:
Measurement gap activation by the RRCConnectionReconfiguration message triggering handover shall be possible (also applies to intra-frequency handover);

Proposal 8:
Inter-frequency/ RAT measurements shall continue after inter-frequency handover (also applies to intra-frequency handover), if the UE capability allows (i.e., no gaps required) or gaps are activated by the handover command.
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Beginning of text proposal
5.3.5.4
Reception of a RRCConnectionReconfiguration including the mobilityControlInformation by the UE (handover)

NOTE 1:
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.

If the RRCConnectionReconfiguration message includes the mobilityControlInformation and the UE is able to comply with the configuration included in this message, the UE shall:
1>
stop timer T310 and T312, if running;

1>
start timer T304 with the timer value set to t304, as included in the mobilityControlInformation;

1>
request PDCP to initiate the PDCP Re-establishment procedure for all RBs that are established;

NOTE 2:
The handling of the radio bearers after the successful completion of the L2 re-establishment, 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>
reset MAC and re-establish RLC for all RBs that are established;

1>
If the RRCConnectionReconfiguration message includes the radioResourceConfiguration: 

2>
perform the Radio resource configuration procedure as specified in 5.3.10;
1>
set the C-RNTI to the value of the newUE-Identity;

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 dl-Bandwidth is included:

2>
for the target cell, apply the downlink bandwidth indicated by the dl-Bandwidth;

1>
else:

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

1>
if the ul-Bandwidth is included:

2>
for the target cell, apply the uplink bandwidth indicated by the ul-Bandwidth;

1>
else:

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

1>
 configure lower layers in accordance with the received radioResourceConfigCommon;

1>
If the RRCConnectionReconfiguration message includes the securityConfiguration: 

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, i.e. the indicated integrity protection configuration shall be applied to all subsequent messages received and sent by the UE in the target cell, including the message used to indicate the successful completion of the procedure;

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

1> perform the measurement related actions as specified in 5.5.6.1;

1>
If the RRCConnectionReconfiguration message includes the measurementConfiguration:

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

1>
synchronise to the DL of the target cell;
1>
submit the RRCConnectionReconfigurationComplete message to lower layers for transmission using the new configuration;

1>
If MAC successfully completes the random access procedure: 

2>
stop timer T304;

2>
If the physicalConfigDedicated is included in the RRCConnectionReconfiguration message:

3>
If the UE needs the SFN of the target cell to apply the PUCCH and Sounding RS configuration:

4>
apply the new PUCCH and Sounding RS configuration upon acquiring the SFN of the target cell;

3>
else:
4>
apply the new PUCCH and Sounding RS configuration;
2> indicate to PDCP to complete the PDCP Re-establishment procedure for all DRBs that are established, if any;

2>
the procedure ends.
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 before performing RACH access in the target cell.

Editor’s note
The handling of the radio configuration is covered by the general reconfiguration procedure. It has been agreed that the configuration used in the target cell may either be specified as a delta to the one used in the serving cell or by providing the full configuration (signalling details are FFS)

Editor’s note
Currently it is specified that the keyIndicator always needs to be provided upon handover as a result of which the securityConfiguration becomes mandatory in case of handover. If however the securityConfiguration would be optional in case of handover, the case the IE is not included needs to be covered also.

Next modified section
5.5.6
Measurement related actions

5.5.6.1
Actions upon handover

5.5.6.1.1
General

After handover, the UE may re-use measurement samples obtained prior to handover.

5.5.6.1.2
Measurement related actions upon intra-frequency handover

The UE shall:



1> for each triggered measurement reporting entry within VarMeasurementReports:

2> remove the triggered measurement reporting entry if the corresponding triggerType is ‘event’;
Editor’s note:
It is FFS whether triggered measurement reporting entries for the triggerType of ‘periodical’ shall also be removed or continued.
1> deactivate the measurement gaps, if activated;

1> if the UE requires measurement gaps to perform inter-frequency/ RAT measurements:

2>
if the RRCConnectionReconfiguration message triggering the handover includes measurementConfiguration that activates measurement gaps, as specified in 5.5.2:

3>
continue any intra-frequency, inter-frequency and inter-RAT measurements;

2> else:

3> stop all inter-frequency and inter-RAT measurements while keeping the measurement configuration unchanged;
NOTE
The UE resumes the applicable inter-frequency and inter-RAT measurements after the E-UTRAN has activated the measurement gaps.
1> else:

3>
continue any intra-frequency, inter-frequency and inter-RAT measurements;

5.5.6.1.3
Measurement related actions upon inter-frequency handover

E-UTRAN applies the handover procedure as follows:

- when performing the handover procedure, as specified in 5.3.5.4, ensure that a measObjId corresponding to the handover target carrier frequency is configured as a result of the procedures described in this subclause and in 5.3.5.4;
The UE shall:









1>
update the measId values in the measIdList within VarMeasurementConfiguration as follows:

2> if a measObjId value corresponding to the handover target carrier frequency exists in the measObjectList within VarMeasurementConfiguration:

3> for each measId value in the measIdList:

4> if the measId value is linked to the measObjId value corresponding to the source carrier frequency:

5> link this measId value to the measObjId value corresponding to the handover target carrier frequency;

4> else if the measId value is linked to the measObjId value corresponding to the target carrier frequency:

5> link this measId value to the measObjId value corresponding to the source carrier frequency;

2> else:

3> remove all measId values that is linked to the measObjId value corresponding to the source carrier frequency.

NOTE 1
If the RRCConnectionReconfiguration message triggering the handover includes measurementConfiguration, this measurementConfiguration is processed after the implicit updating described above.
1> for each triggered measurement reporting entry within VarMeasurementReports:

2> remove the triggered measurement reporting entry if the corresponding triggerType is ‘event’;
Editor’s note:
It is FFS whether triggered measurement reporting entries for the triggerType of ‘periodical’ shall also be removed or continued.
1> deactivate the measurement gaps, if activated;

1> if the UE requires measurement gaps to perform inter-frequency/ RAT measurements:

2>
if the RRCConnectionReconfiguration message triggering the handover includes measurementConfiguration that activates measurement gaps, as specified in 5.5.2:

3>
continue any intra-frequency, inter-frequency and inter-RAT measurements;

2> else:

3> stop all inter-frequency and inter-RAT measurements while keeping the measurement configuration unchanged;
NOTE 2
The UE resumes the applicable inter-frequency and inter-RAT measurements after the E-UTRAN has activated the measurement gaps.
1> else:

3>
continue any intra-frequency, inter-frequency and inter-RAT measurements;

End of text proposal
Annex: example of measurement configuration handling at inter-frequency handover
How the measurement configuration can be handled at inter-frequency handover according to the proposals summarised in section 3 is illustrated through an example in the sequel.

Figure 1 is the measurement configuration the UE had prior to receiving a handover command. The case below is where an inter-frequency handover moves the UE from the frequency corresponding to measObject #0 to the frequency corresponding to measObject #1.
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Fig.1  Measurement configuration prior to handover.
When the UE receives an RRCConnectionReconfiguration message that includes mobilityControlInformation, and the triggered handover involves inter-frequency handover, the UE first updates the measurement configuration implicitly, as shown in Fig.2. That is, the measIds that were linked to the source and target frequency measObjects are implicitly updated so that they are now linked to the target and source frequency measObjects, respectively. In the example, measIds #0, #1 and #2 are updated so that they are now linked to measObjects #1, #1 and #0 respectively, instead of #0, #0 and #1 which was the case prior to handover. This implicit swapping is performed regardless of whether the RRCConnectionReconfiguration message includes measurementConfiguration or not.
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Fig.2  Implicit swapping at inter-frequency handover.
After the implicit swapping, the measurementConfiguration is processed, if this is included in the RRCConnectionReconfiguration message. In the example shown in Fig.3, the measObject corresponding to the source frequency, i.e., measObject #0 is removed. Removal of measObject #0 implicitly deletes measId #2, which was linked to measObject #0 by the implicit swapping.
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Fig.3  Processing of measurementConfiguration included in handover command after implicit swapping.
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