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Discussion and decision
1.  Introduction
The details of measurement configuration, especially the relation between measurement specifics (rules) and objects, and their handling at inter-frequency handover, is yet unclear. This paper discusses these issues and makes some proposals.
2. Discussion
In RAN2#59bis, the following intra-frequency measurement reporting events have been agreed:

Event A1:
serving > threshold;

Event A2:
serving < threshold;

Event A3:
neighbour > serving + offset.

In RAN2#60, the following inter-frequency measurement reporting events have been agreed:
Event B1:
neighbour > threshold;
Event B2:
serving < threshold 1 && neighbour > threshold 2;
Event B3:
neighbour > serving + offset.
Furthermore, the following inter-RAT measurement reporting events have been agreed:

Event C1:
neighbour > threshold;
Event C2:
serving < threshold 1 && neighbour > threshold 2.
Event A3 is useful for intra-frequency handover and A2/A1 is useful for measurement gap activation/de-activation. Event B1 is useful for measuring a higher priority layer, B2 for a lower priority layer, and B3 for an equal priority layer. Similarly, Event C1 is useful for measuring a higher priority RAT and C2 for a lower or equal priority RAT. This implies that setting different measurement objects to different instances of an event (measurement rules) would be useful, when certain priorities apply among different frequencies/RATs.

Proposal 1:
It should be possible to specify different measurement objects (i.e., RAT/frequencies) for different instances of the event (measurement rules).

The RRC specification v8.0.0 [1] states in 5.3.4.5.3 (copied in Appendix for convenience) that “the UE continues the inter-frequency measurements applicable for frequencies other than serving and target frequency without modifying the measurement specifics and the measurement objects.” However, this would be irrelevant if the UE is moving to a different priority layer. For instance, if the UE was measuring a higher priority layer and has handed over to an even higher priority layer, the previous higher priority layer becomes a lower priority layer than the serving layer after the handover. As such, it would be necessary to update the mapping between the measurement rules and measurement objects, according to the priorities.
To elaborate, Fig.1 shows a case where the UE was originally configured with six instances of measurement rules (three each for intra- and inter-frequency) and five measurement objects. The UE is initially served on F3, and hence, measurement rules #1-3 are mapped to F3. The inter-frequency measurement rules #4-6 are mapped to F1, F2, F4 and F5, according to their priorities. After inter-frequency handover, the mapping should be updated as shown on the right side, depending on the priority layer to which the UE has handed off. In some cases certain measurement rules become unnecessary (e.g., the ones greyed out in Fig.1).
From this observation, two schemes can be thought of:

Alternative 1:  The eNB specifies priorities for each RAT/frequency as part of measurement objects, and the UE autonomously updates the mapping between measurement rules and objects at inter-frequency handover.

Alternative 2:  The eNB determines the new mapping between measurement rules and objects, and signals the new mapping to the UE at inter-frequency handover. (The priority does not necessarily have to be known to the UE.)
Although Alt.1 requires no additional signalling at handover in principle, with Alt.1 handling of unnecessary measurement rules (as in rule #5 when the UE moves to F1 in Fig.1) seems to be an issue. Moreover, there may be cases where multiple instances of the same event are configured, but mapped to different objects. Alternative 1 seems to be problematic to handle such cases. With Alt.2, the eNB can explicitly signal removal of unnecessary measurement rules and at the same time update the mapping. Alternative 2 can also handle multiple instances of the same event. Since Alt.2 is more flexible and robust, Alt.2 is preferable.

To be able to flexibly update the mapping with minimal overhead, it would be useful if measurement rules, measurement objects and mapping can be controlled separately. For instance, if the UE is moving to F2 in Fig.1, measurement rules #4 and #5 can be removed and the mapping can be updated. Furthermore, the network might want to remove measurement object #5, since this layer has the lowest priority and there are already three other layers lower than the serving. Such control can be done in the same RRC message, but it should be possible to control the three parts individually. As such, it is proposed that separate IEs are introduced for measurement rules, objects and mapping within the measurement configuration command.
Proposal 2:
It should be possible to configure measurement rules, objects and their mapping individually, within the measurement configuration command.
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Fig.1  Inter-frequency handover results in different mapping between measurement ID and measument object.
3. Conclusions
The following proposals were made regarding measurement configuration:
Proposal 1:
It should be possible to specify different measurement objects (i.e., RAT/frequencies) for different instances of the event (measurement rules).

Proposal 2:
It should be possible to configure measurement rules, objects and their mapping individually, within the measurement configuration command.
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Appendix
RRC specification v8.0.0, clause 5.3.4.5.3 states below.

	5.3.4.5.3  Measurement related actions upon inter-frequency handover

The UE shall:

1>
If the RRC CONNECTION RECONFIGURATION message triggering the handover does not include the IE measurement configuration:

2>
continue the intra-frequency measurements without modifying the measurement specifics but with setting the measurement object to the new serving frequency;

2>
continue the inter-frequency measurements applicable for frequencies other than serving and target frequency without modifying the measurement specifics and the measurement objects;

2>
stop all inter-frequency measurements while keeping the measurement specifics unmodified. In addition, keep the measurement object(s) applicable for frequencies other than serving and target frequency unmodified and clear the measurement object applicable for the source frequency;

2>
continue the inter-RAT measurements without modifying the measurement specifics and the measurement objects.

NOTE 1
Setting the measurement object to the new serving frequency implies that the UE neither applies cell specified parameters e.g. offsets nor ‘blacklisted’ cells

Editors note
The handling of inter-frequency measurement configuration as specified above may need to be revisited depending on the final structure of the measurement related parameters

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

1>
deactivate the measurement gap(s), without modifying the gap configuration, unless a re-configuration is included in the message used to trigger the handover;
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