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1 Introduction
In RAN2#87, there were discussions about RRM for dual connectivity, one outcome of which was a liaison statement to RAN4[1]. Part of the discussion was about DRX configuration, and the following agreements and question from RAN4 are provided in the LS
	Regarding DRX configuration, RAN2 agreed that: 

· DRX can be configured separately on MeNB and SeNB, different DRX cycles may exist in MCG and SCG serving cells;

· Which DRX cycle to apply when determining the measurement accuracy (MCG, SCG, shortest, longest) shall be discussed in RAN4. 

RAN2 considers it will impact measurement requirement design; therefore RAN2 would like to ask:

Question 1: Ask RAN4 to decide which DRX cycle is to be used for determining the requirement of the measurement accuracy, and preferably choose a solution without signalling impact.
Regarding measurement events for DC, RAN2 agreed that:

· Enhance measurement events A3/5 for PSCell (MeNB blindly configures the measurements and can provide the results to the SeNB with the existing means);


In this contribution we discuss further the requirements for inter frequency and inter RAT measurements with DRX for dual connectivity.

2 Discussion
We begin by reviewing some of the background for introduction of DRX inter-frequency and requirements in release 8. Regardless of whether DRX is in use or not,  UEs are provided with measurement gaps. In principle, if power consumption were not a concern, interfrequency and interRAT measurements can be made using the configured measurement gap pattern, and exactly the same RRM delays as for non DRX operation could be expected. However, if large DRX cycles are in use, it is clear that this can ultimately lead to the UE receiver being more active on inter-frequency and inter RAT measurement than for intrafrequency reception. Clearly it does not make sense for UEs to use much more power for interfrequency and interRAT measurement than for intrafrequency measurement, and for this reason relaxations to interfrequency and interRAT cell identification requirements and measurement periods have been defined for larger DRX cycles. In principle the requirements were defined according to the following principles:
· The delay requirements are the same as non DRX requirements when DRX cycles ≤40ms are in use

· The measurement period is ultimately relaxed to 5 DRX cycles per frequency layer when very large DRX cycles are used

· The  cell identification delay is ultimately relaxed to 20 DRX cycles per frequency layer when very large DRX cycles are used
· The RRM delays (measurement period and cell identification delay) should not be better when large DRX (eg 80ms) cycles are used than the non DRX performance

· The RRM delays (measurement period and cell identification delay) should increase monotonically with DRX cycle

Taking these principles into account, interfrequency and interRAT requirements for measurement period and cell identification delay when DRX is in use are defined in various tables in 36.133, and depend on DRX cycle, and also on measurement gap configuration. 

One underlying assumption of the requirements is that RRM delays become less critical from a system and user experience perspective when very large DRX is in use. For example, if a DRX cycle comparable to idle mode DRX cycle (eg 1.28s) is in use then the connected state UE is not actively transferring large volumes of data on either uplink or downlink. Therefore it may be acceptable according to eNB implementation,  that the minimum delay requirements for this scenario are similar to idle mode delays, the principle difference being that the interfrequency and interRAT mobility is performed under eNB control, rather than relying on UE autonomous procedures.

Observation 1 : DRX cycle parameters are configured appropriately by eNB, considering data throughput and also needed UE intrafrequency, interfrequency and interRAT measurement performance.
In release 10, carrier aggregation was introduced. In release 10 work on carrier aggregation, RAN2 decided that a common per UE DRX applies to both PCell and SCell. This means that the DRX RRM interfrequency and interRAT requirements introduced for single carrier operation in release 8 can largely be reused for carrier aggregation.
As can be seen from the RAN2 liaison statement, for dual connectivity DRX can be configured separately on MeNB and SeNB and so different DRX cycles may exist in MCG and SCG serving cells. Our expectation is that the basic principles for each eNB follow similar principles to single connectivity, but the determination is expected to be done independently by MeNB and SeNB. Therefore, MeNB and SeNB independently determine appropriate DRX cycle parameters accounting  data throughput and also needed UE intrafrequency, interfrequency and interRAT measurement performance.
The open question raised by RAN2 is how to determine the UE requirements, and four possible options are indicated ie MCG, SCG, shortest, longest. All of these options have significant disadvantages in our view
	Option
	Disadvantages

	MCG
	SCG may have more demanding interfrequency mobility requirements which  will not met by UE. If frequency layers needed for SCG mobility have less demanding mobility requirements,  UE power consumption may be higher than needed

	SCG
	MCG may have more demanding interfrequency mobility requirements which  will not met by UE. If frequency layers needed for MCG mobility have less demanding mobility requirements,  UE power consumption may be higher than needed

	Shortest
	All frequency layers are measured at the highest rate. UE power consumption may be more then needed.

	Longest
	UE measurement delays may be too long for MeNB or SeNB


The issue is that the UE has no knowledge about the dual connectivity deployment and the reason why particular frequency layers have been included as measurement objects in the UE measurement configuration, and whether the frequency layer is primarily needed considering the mobility needs of the MeNB, the SeNB or both. Although RAN2 indicates a preference for a solution which avoids signalling changes, it seems that none of the possible options which are possible without signalling work well, considering the trade-off between UE power consumption and measurement performance.

 We therefore propose that measurement objects are configured on a per-measurement object basis to be measured according to either MCG or SCG DRX cycles.
Proposal 1: Measurement objects are configured on a per-measurement object basis to be measured according to either MCG or SCG DRX cycle minimum requirements
Under this proposal, existing requirements when DRX is in use would be reused as much as possible, ie under proposal 1, the existing tables in 36.133 section 8.x would be applicable, taking into account either the MCG DRX cycle length or the SCG DRX cycle length as appropriate.

Proposal 2 : Existing DRX requirements in 36.133 section 8 are applicable, taking into account whether the measurement object has been configured to be measured with MCG DRX cycle or SCG DRX cycle
To implement proposal 2, some clarifications would be needed in 36.133, for example in the form of a note in tables

Table 8.1.2.3.1.2-2: Requirement to measure FDD interfrequency cells

	DRX cycle length (s) Note 2
	Tmeasure_inter (s) (DRX cycles)

	≤0.08
	Non DRX Requirements in clause 8.1.2.3.1.1 are applicable

	0.08<DRX-cycle≤2.56
	Note (5*Nfreq)

	Note: Time depends upon the DRX cycle in use
Note 2: If dual connectivity is configured, this is the DRX cycle length of the MCG or SCG depending on the configuration of each measurement object


For now, this wording is provided as an example, however it is likely that it could be improved if the naming of information elements to configure measurement objects to MCG or SCG DRX cycle is decided by RAN2.
Under the proposal, some measurement objects could be associated with the MCG DRX cycle, and others with the SCG DRX cycle. If DRX is not in use on the associated MCG or SCG, then non DRX requirements should be applicable.

Proposal 3 : If DRX is not in use on the MCG, non DRX requirements are applicable for measurement objects associated with the MCG DRX, otherwise DRX requirements associated with the MCG DRX cycle are applicable. If DRX is not in use on the SCG, non DRX requirements are applicable for measurement objects associated with the SCG DRX otherwise DRX requirements associated with the SCG DRX cycle are applicable.
3 Conclusions

Observation 1 : DRX cycle parameters are configured appropriately by eNB, considering data throughput and also needed UE intrafrequency, interfrequency and interRAT measurement performance.
Proposal 1: Measurement objects are configured on a per-measurement object basis to be measured according to either MCG or SCG DRX cycle minimum requirements
Proposal 2 : Existing DRX requirements in 36.133 section 8 are applicable, taking into account whether the measurement object has been configured to be measured with MCG DRX cycle or SCG DRX cycle
Proposal 3 : If DRX is not in use on the MCG, non DRX requirements are applicable for measurement objects associated with the MCG DRX, otherwise DRX requirements associated with the MCG DRX cycle are applicable. If DRX is not in use on the SCG, non DRX requirements are applicable for measurement objects associated with the SCG DRX otherwise DRX requirements associated with the SCG DRX cycle are applicable.
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