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1 Introduction
At RAN2#85 meeting, RAN2 had initial discussion about RRM measurements for dual connectivity, and agreed that the configured set of serving cells includes all the cells from MCG and SCG. However, at the RAN2#85bis meeting, there were not any agreements regarding RRM measurement, and based on the work plan [1] we will analyse following issues:
· Need for new measurement events to manage SCG cells?

· Need to increase the number of measurement IDs?

· Single measurement gap applied to MeNB and SeNB? Or allow different gaps and correspondingly enhanced capabilities?
· Align gaps across MeNB and SeNB? If so, how to acquire SFN offset in eNBs and UE?

In this paper, we will consider above issues for Dual Connectivity and provide our proposals.
2 Discussion 
2.1 Measurement Events for Dual Connectivity 

Currently, LTE defines 8 different measurement events for UE measurements. Six of these are for intra-LTE use, i.e. for intra- or inter-frequency measurements:

· Event A1 (Serving becomes better than threshold)

· Event A2 (Serving becomes worse than threshold)

· Event A3 (Neighbour becomes offset better than PCell)

· Event A4 (Neighbour becomes better than threshold)

· Event A5 (PCell becomes worse than threshold1 and neighbour becomes better than threshold2)

· Event A6 (Neighbour becomes offset better than SCell)

The remaining two events are only for Inter-RAT measurements:

· Event B1 (Inter RAT neighbour becomes better than threshold)

· Event B2 (PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2) 
In Dual Connectivity, SCG cells include normal Scells and the special cell also called PScell. 
For normal SCells belonging to SCG, there is no difference compared with CA. Dual connectivity can be seen as a generalization of CA, therefore we have following Observation:

Observation 1: Scells belonging to SCG can be used in the existing CA measurement.
However, for Pscell belonging to SCG, which has some other PCell-like functionality with respect to other SCG cells like always being activated, not capable of being cross-scheduled, is similar in criticality amongst SCG cells to the PCell on MCG cells.
Hence, the measurement events shall support the change of PScell (add/remove/replace) both for intra frequency and inter frequency.

It is known to all PScell is still SCell, and belongs to the serving cell, so current Event A1, A2, and A6 can be applied to PScell directly. For example, Event A2 can be used to remove PScell, Event A1 can be used to add PScell and Event A6 can be used to replace Pscell if intra-frequency.

For the replace of PScell in inter-frequency, there are two obvious alternative methods to modify the measurement events for dual connectivity
1. Define new events for PScell like events A3/A5, i.e. duplicates the events A3/A5 to take the new PScell into account.

2. Add a field in measurement configuration to indicate whether the events A3/A5 is applicable for PScell or PCell. This could be done by modifying the definition of events A3 and A5.

The above methods all have a significant impact on the specification, particularly for the alternative1 which need to add two events. To performe the measurement configuration of the PScell which only has partial function of Pcell, adding two events seems unnecessary.
Analyzing detailed, we think that the combination of Event A2 and Event A1/A4 can realize the replace of PScell in inter-frequency. Event A2 can be used to remove the PScell and Event A1can used to add PScell when the new PScell is included SCG scell. If the new PScell belongs to neighbour cells (not serving cells), Event A4 can be used. This combination can achieve the same function with Event A5. Event A3 is used to realize handover usually in Rel8/9 LTE, and is still used to replace Pcell in Rel10/11 LTE. In RAN2#84 meeting, it is agreed that the transmission of RRC messages via SeNB is not supported, and it is agreed that SCG addition/change/removal can be done without including mobilityControlInfo in RAN2#85 meeting. Therefore, the replace of PScell is not handover, and is not need to use in Event A3.
Observation 2: PScell can be performed measurement in the existing CA measurement.

From above observation, we can draw following proposal.

Proposal 1: There is no need to add any new events or change existing events to manage SCG cells in Dual Connectivity. 
2.2 Number of configured measurement ID for Dual Connectivity 

Currently, 32 measurement IDs are configured for LTE RRM measurements. The numbers of measurement IDs which are used for inter-frequency measurement are depended on UE measurement capability and RRM measurement requirement, such as handover, ANR meanrement, and ICIC measurement and so on. Regarding UE measurement capability, the new requirement at the RAN4 #70 meeting [2] was agreed, which specified the UE in RRC_CONNECTED state, shall be capable of monitoring 8 FDD E-UTRA inter-frequency carriers, 8 TDD E-UTRAN inter-frequency carriers and 13 serving fraquencies according to the table below.
	E-UTRA serving cell (36.133), RRC Connected

	 
	Current minimum requirement
	New requirement

	UTRA FDD InterRAT
	3
	6

	UTRA TDD InterRAT
	3
	7

	InterRAT UTRAcells
	32
	80 with maximum of 32 cells per frequency

	GSM
	32 cells on up to 32 carriers =1 layer
	No change

	E-UTRA FDD
	3
	8

	E-UTRA TDD
	3
	8

	E-UTRA FDD RSTD
	N/A
	No change

	E-UTRA TDD RSTD
	N/A
	No change

	CDMA 2000 1x
	3
	No change

	HRPD
	3
	No change

	Total layers including serving freq
	8
	13


In Dual Connectivity, the CC management includes MCG cells and SCG cells. Obviously, it is clear that the number of measurement identities might need to be larger: For example, both MCG and SCGshould be able to perfrom the replace/add/remove of primary/secondary cells. In addition, measurement regarding ANR and ICIC function will increase along with more serving frequencies.These measurements need more measurement ID. Also the measurement requirement in above table means increasing the amount of carriers UE is required to monitor, and there is need to enable more simultaneous measurement ID for a Rel-12 UE.
Therefore, considering DC measurement requirement and UE measurement capability, we think current number of measurement ID is not sufficient and should increase this number.
Proposal 2: There is need to increase the maximum number of measurement ID in Dual Connectivity.
2.3 Measurement gap for Dual Connectivity 

From the RRM measurement contribution provided in the last meeting, there are two options regarding measurement gap for Dual Connectivity.
1. A single common measurement gap for MCG and SCG.
2. One measurement gap for MCG, another measurement gap for SCG.
At RAN2#85 meeting, it was agreed that for measurements, the configured set of serving cells includes all cells from MCG and SCG [3]. With this agreement, a simple extension from CA is to apply the same principle for Dual Connectivity as well. Namely, a single gap configuration is applied for the configured set of serving cells. At RAN2#72 bis meeting [4], adopting UE-specific or CC-specific measurement gap in CA has been discussed. Finally UE-specific measurement gap was agreed, which is the same means with a signal measurement gap for all serving cells. Option 2 is similar to CC-specific, which was not considered as a solution since the solution depends on the RF implementation and was thought as complex. The same reason can be applied in Dual Connectivity as there would be no difference between CA and Dual Connectivity in terms of the UE RF implementation.
Proposal 3: A single measurement gap is applied to MeNB and SeNB.
Considering a single measurement gap is applied in Dual Connectivity, the actual time of measurement gaps would be different between MeNB and SeNB if they are not synchronised. If the measurement gap between MeNB and SeNB is not aligned, scheduling performance will be impacted. At RAN2#85 meeting, it was informed by RAN1 LS that Dual Connectivity should support both the synchronised and unsynchronised operations [5]. To align the measurement gap between the MeNB and the SeNB, the SFN/subframe offset between the two eNBs has to be obtained. In order to acquire the offset, we think backhaul signal between MeNB and SeNB can be used. For example, MeNB can send its SFN information and the measurement gap configuration to SeNB. To study this method further, RAN2 should invite RAN3 to discuss.
Proposal 4: Measurement gap across MeNB and SeNB should be aligned, and the SFN offset can be acquired by RAN3 signal.
4
Conclusion
Observation 1: Scells belonging to SCG can be used in the existing CA measurement.
Observation 2: PScell can be performed measurement in the existing CA measurement.

Proposal 1: There is no need to add any new events or change existing events to manage SCG cells in Dual Connectivity. 

Proposal 2: There is need to increase the maximum number of measurement ID in Dual Connectivity.
Proposal 3: A single measurement gap is applied to MeNB and SeNB.

Proposal 4: Measurement gap across MeNB and SeNB should be aligned, and the SFN offset can be acquired by RAN3 signal.
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