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1 Introduction
In release 12 dual connectivity, it was agreed that for intrafrequency the following approach is used to determine the requirements for measurements in DRX
· Intrafrequency measurements on the same frequency as the PCell are made according to the DRX cycle of the MCG. Intrafrequency measurements on the same frequency as the PSCell are made according to the DRX cycle of the PSCell

· Interfrequency measurements requirements follow the DRX cycle of the SCG

· InterRAT measurements follow the DRX cycle of the SCG.

A release 13 work item has now been started to enhance dual connectivity [1]. The objectives for enhancement are
-
Uplink bearer split (RAN2).

-
UE reporting method on the SFN and subframe offset between MeNB and SeNB (RAN2/4).
-
Maximum uplink transmission time difference (RAN4).

-
E-UTRAN CGI requirements (RAN4).

-
Enhancement of intra-frequency/inter-frequency/inter-RAT measurement requirements in DRX  (RAN4).
-
RAN4 requirements to support more than 2 component carriers in the operation of Dual Connectivity (RAN4).

-
RAN4 will treat this objective after the work on 3DL/2UL CA is completed.
In this contribution we focus on enhancement of intra-frequency/inter-frequency/inter-RAT measurement requirements in DRX.
2 Discussion

We begin by reviewing the basis for relaxing measurements in DRX, starting from single carrier requirements in release 8. Increased delay in UE cell detection and measurement is always likely to result in degraded performance at system level, since the needed RRM performance to maintain a connection depends on deployment aspects and factors such as UE velocity. For example, when UEs are using DRX, the radio link failure rate is likely to be significantly higher than if the same UE was not using DRX. On the other hand, the impact to both the user experience and system is less when a UE is not transmitting and receiving much data, and power saving is clearly more critical when a UE becomes less active. So the trade-off between good system performance and good UE power consumption is different when UE become less active. This is the fundamental basis for the measurement relaxations in DRX. The key point, which we would like to emphasise, is that the time available to perform a mobility procedure such as detecting an interfreqency cell, reporting a measurement and completing interfrequency handover is a function of the network deployment, UE velocity and so on, and there is not fundamentally any additional tolerance to delays when such a UE is using DRX compared with non DRX. However, the consequences of an RRM procedure failing become somewhat less significant with increasing use of DRX, and this is the basis for being able to allow relaxation for power saving purposes.

Observation: Minimum requirements for RRM delays depend in principle on deployment scenarios and UE velocity. However the impact of failed procedures is less for inactive UEs with large DRX and the need to save power is greater for inactive UEs with large DRX.
When it comes to dual connectivity, there is independent DRX state and cycle for MCG and SCG. Hence a UE can be using a long DRX cycle for one cell group, and no, or small DRX for the other cell group. In some cases the UE is rather active on one of the cell groups, and it may be beneficial to both user and system performance if it is able to measure more frequently on certain measurement objects – for example a faster interRAT handover to 3G could be beneficial for a user who is downloading data compared with the alternative of going into RLF and finding a 3G cell via cell selection. In other cases, it may be possible that the network is aware that the UE could follow relaxed requirements. For example, consider the scenario where the UE is connected to a macro cell as PCell and a small cell as PSCell. It might be that data is mostly scheduled via the PSCell, but the PSCell is in isolated coverage. In this case, the UE could be configured to save power if the possibility was given to follow the MCG DRX state and cycle for measurements on the PSCell frequency.

Given the earlier observation, we see no direct linkage between mobility being performed on the PCell and the DRX measurement relaxations being optimally performed according to the PCell DRX cycle.

Configurability using network signalling was discussed in release 12 dual connectivity work, but no conclusion was reached, instead and the following approach was used to conclude the work
· Intrafrequency measurements on the same frequency as the PCell are made according to the DRX cycle of the MCG. Intrafrequency measurements on the same frequency as the PSCell are made according to the DRX cycle of the PSCell

· Interfrequency measurements requirements follow the DRX cycle of the SCG

· InterRAT measurements follow the DRX cycle of the SCG.

For release 13 enhancement, we think an improved approach would be to introduce configurability per measurement object. This means that for each measurement object, a flag would be introduced, indicating whether the measurement object is measured according to MCG DRX state and MCG DRX cycle or SCG DRX state and SCG DRX cycle. Since mobility requirements are already specified for DRX in dual connectivity in release 12, it is natural that the absence of the flag would indicate release 12 behaviour. Thus the following approach can be envisaged:

	Measurement object type
	Flag name
	Requirements for measurement object when flag absent
	Requirements for measurement object when flag present

	Intrafrequency, same frequency as PCell
	Meas_Follow_SCG_DRX
	Follow MCG DRX state and cycle
	Follow SCG DRX state and cycle

	Intrafrequency, same frequency as PSCell
	Meas_Follow_MCG_DRX
	Follow SCG DRX state and cycle
	Follow MCG DRX state and cycle

	Interfrequency
	Meas_Follow_SCG_DRX
	Follow MCG DRX state and cycle
	Follow SCG DRX state and cycle

	InterRAT
	Meas_Follow_SCG_DRX
	Follow MCG DRX state and cycle
	Follow SCG DRX state and cycle


Proposal : Network controlled signalling is introduced to over-ride the DRX state and cycle that the UE uses for intrafrequency, interfrequency and interRAT measurement objects. Absence of the signalling means follow the release 12 approach, and presence of the signalling means follow the opposite DRX state and cycle 
3 Conclusions

In this contribution, we discuss the objective for enhancement of intra-frequency/inter-frequency/inter-RAT measurement requirements in DRX. We note that DRX mobility relaxations for single carrier UEs will lead to an increased rate of radio link failures, but this is tolerable considering that UEs which are using a large DRX cycle are by definition not particularly active, and at the same time it is rather critical that they are able to achieve good power consumption in these conditions. Hence the impact to performance at user and system level is acceptable for single carrier UEs, considering the benefits it brings.
When it comes to dual connectivity, there is independent DRX state and cycle for MCG and SCG. Hence a UE can be using a long DRX cycle for one cell group, and no, or small DRX for the other cell group. In some cases the UE is rather active on one of the cell groups, and it may be beneficial to both user and system performance if it is able to measure more frequently on certain measurement objects – for example a faster interRAT handover to 3G could be beneficial for a user that is downloading data compared with RLF and finding a 3G cell via cell selection. In other cases, it may be possible that the network is aware that the UE could follow relaxed requirements. For example, consider the scenario where the UE is connected to a macro cell as PCell and a small cell as PSCell. It might be that data is mostly scheduled via the PSCell, but the PSCell is in isolated coverage. In this case, the UE could be configured to save power if the possibility was given to follow the MCG DRX state and cycle for the PSCell frequency.

Based on this we make one observation and one proposal

Observation: Minimum requirements for RRM delays depend in principle on deployment scenarios and UE velocity. However the impact of failed procedures is less for inactive UEs with large DRX and the need to save power is greater for inactive UEs with large DRX.
Proposal : Network controlled signalling is introduced to over-ride the DRX state and cycle that the UE uses for intrafrequency, interfrequency and interRAT measurement objects. Absence of the signalling means follow the release 12 approach, and presence of the signalling means follow the opposite DRX state and cycle 
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