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1 Introduction
At RAN2 #85 meeting, based on [1] RAN2 had initial discussion on RRM measurements for dual connectivity, and agreed that the configured set of serving cells includes all the cells from MCG and SCG.  However regarding measurement there are still some issues need to be discussed, for instance:

· Whether current measurement events/ the number of measurement ID are sufficient?
· How to identify the measurement report of the SCG cells?

· How to handle measurement Gap for dual connectivity?

In this paper, we analyse above issues and provide our opinions.
2 Discussion
2.1   Measurement events 
In Rel-10 CA, serving cell includes PCell and SCell. UE measurement events are listed as below:

· 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)

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

· Event B2 (PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2)

Event A1~A6 are used for intra/inter-frequency measurement, and Event B1~B2 are used for inter-RAT measurement.
In dual connectivity, besides PCell and SCell, a PScell is defined. For normal SCells belonging to the SeNB, there is no difference compared with CA, therefore we propose:

Proposal 1: The principle of CA measurement shall be reused for SCells belonging to the SeNB. 
For PScell, the measurement events shall support the change of PScell (add/remove/replace) both for intra frequency and inter frequency. Do we need additional measurement events to support these actions?

As we all know PScell is still SCell, and belongs to the serving cell, so current Event A1, A2, and A6 can be applied to PScell directly.
· For the change of PScell in the same frequency, current Event A6 can be reused. 
· For the PScell removal, Event A2 can be used;

· For the PScell addition, Event A4 can be used;

For the PScell change in the inter frequency:

At last meeting it was proposed to modify current Event A3 and A5 to make them to apply for PScell in order to achieve inter-frequency measurement for PScell [2]. With this solution, we need to add a new field in measurement configuration. For example, current Event A3 is only based on the relative quality comparison between neighbour cells and PCell, to support PScell we need to introduce a new field to explicitly specify that the comparison is based on PCell or PScell, which has a significant impact on the specification. 

A simple method to provide the inter-frequency measurement of PScell is to reuse current Event A4.  It can be used to replace PScell when an inter-frequency neighbour cell becomes better than the threshold. Since the combination of Event A2 and A4 can achieve the similar purpose with Event A3/A5, so it is unnecessary to define a new event for PScell to perform the PScell change in the inter-frequency.  
Observation 1: 
· For the change of PScell in the same frequency, current Event A6 can be reused. 

· For the PScell removal, Event A2 can be reused;

· For the PScell addition, Event A4 can be reused;

· For the PScell change in the inter frequency: Event A2/A4 can be reused;

For inter-RAT measurement it is unrelated to SCell or PScell, we do not need to change B1 and B2. 
Observation 2: no change is needed on B1 and B2 for dual connectivity. 
Based on the above analysis, we propose:

Proposal 2: There is no need to add any new events or change existing events to perform measurement for PScell in dual connectivity. 
2.2 Maximum measurement ID
Currently, 32 measurement IDs are configured for LTE RRM measurements. The numbers of measurement IDs which used for inter-frequency measurement are depended on UE measurement capability and RRM algorithm requirement. Regarding UE measurement capability, the new requirement RAN4 agreed in last meeting is a UE in RRC_CONNECTED state shall be capable of monitoring 8 FDD E-UTRA inter-frequency carriers and 8 TDD E-UTRAN inter-frequency carriers [3]. 
As discussed in [4], for mobility and CC management purpose, in general, 

· For primary serving frequency it is likely that 3 events are simultaneously configured for UE, e.g. A1&A2&A3, or A1&A2&A5. 

· For each secondary serving frequency it is likely that 3 events simultaneously are configured, e.g. A2&A3&A6, or A2&A4&A6. 

· For each non-serving frequency, it is likely that 2 events simultaneously are configured, e.g. A3&A4, A4&A5, or B1&B2. 

Considering that a UE can monitor up to 13 frequencies in connected mode according to new requirement, in the worst case (5 serving frequencies and 8 non-serving frequencies) the total measurement ID number for mobility and CC management purpose in theory is up to 5*3+8*2 = 31. 

Besides, for ANR purpose it is likely that a UE is configured a measurement ID, e.g. reportStrongestCells, for each monitoring frequency. Therefore, the max measurement id number may be up to 31 + 13 = 44. Current number of measurement id (32) is not sufficient.

Proposal 3: The number of measurement id is extended to 64 from 32, i.e. maxMeasId shall be 64.

2.3 Measurement report
Currently, the measurement results of all serving cells are carried in each measurement report, and the cell index is used to distinguish the results between SCells.
In dual connectivity, one or more SCells maybe exists both in the MeNB and the SeNB. How to distinguish that whether the result of SCells shall belong to the MeNB or belong to the SeNB? 
There are two possible solutions:
Solution1: The MeNB and the SeNB share the cell index, i.e. the cell index is unified between the MeNB and the SeNB. 

Solution2: Add a new field in measurement report to explicitly distinguish the results between SCells. This field can be the frequency of SCell, as well as the PCI of SCell.
The above two solutions are both achievable. Solution 1 will not impact the measurement report, but the information of cell index needs to be exchanged via X2 interface between the MeNB and the SeNB. Solution 2 needs to modify measurement report. Considering unified cell index may be also needed for other aspects, e.g. PHR, etc, so we prefer solution1.
Proposal 4: The cell index shall be unified between the MeNB and the SeNB.
2.4 Measurement gap
Measurement gap may be required for inter-frequency measurement based on UE capability. At last meeting, [5] proposed that cell group specific measurement gap is used for dual connectivity and measurement gap is applied only to the MCG serving cells. 
This proposal is only workable when the UE applies individual RFs for the MeNB cells and the SeNB cells as showed in figure 1: 
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Figure 1

If the MeNB and the SeNB both configure multiple CCs for the UE, it’s unable to guarantee that the UE will use different RF for the MeNB cell and the SeNB cell. For example, the MeNB has one CC with f1, and the SeNB has two CC with f2 and f3 separately, the UE may use same RF for F1 and F2 as showed in figure 2. If we assume measurement Gap does not exist in the SeNB as proposed in [5], the SeNB will schedule the UE even if it is in the Gap duration. The scheduling cannot be performed by the UE. It will impact the performance and waste the resources of the SeNB.
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Figure 2

At RAN2 72 meeting [6], adopting UE-specific or CC-specific measurement gap in CA has been discussed. Finally UE-specific measurement gap was agreed, because most companies think inter-frequency measurement is not frequent considering maximum 5CCs could be as serving cells, and CC-specific gap is more complex, as well as no big gains. So we propose: 
Proposal 5: Only UE-specific measurement gap should be supported in dual connectivity. 

In dual connectivity, the MeNB and the SeNB may have different SFN, so the actual time of measurement gaps would be different between MeNB and SeNB, if the SeNB has no idea where the Gap is, scheduling performance of the SeNB will be impacted. In order to resolve this problem, we suggest that the MeNB sends its SFN Initialisation Time to the SeNB via X2 interface, as well as the configured gapoffset, so the SeNB can calculate the actual time of measurement gaps. 
Proposal 6: the MeNB should send its SFN Initialisation Time to the SeNB via X2 interface, as well as the configured gapoffset, which will help the SeNB to calculate the actual time of measurement gaps.
3 Conclusion
This contribution discusses the RRM measurement in dual connectivity. 
Observation 1: 

· For the change of PScell in the same frequency, current Event A6 can be reused. 

· For the PScell removal, Event A2 can be reused;

· For the PScell addition, Event A4 can be reused;

· For the PScell change in the inter frequency: Event A2/A4 can be reused;
Observation 2: no change is needed on B1 and B2 for dual connectivity. 
Proposal 1: The principle of CA measurement shall be reused for SCells belonging to the SeNB. 
Proposal 2: There is no need to add any new events or change existing events to perform measurement for PScell in dual connectivity. 

Proposal 3: The number of measurement id is extended to 64 from 32, i.e. maxMeasId shall be 64.

Proposal 4: The cell index shall be unified between the MeNB and the SeNB.
Proposal 5: Only UE-specific measurement gap should be supported in dual connectivity. 

Proposal 6: the MeNB should send its SFN Initialisation Time to the SeNB via X2 interface, as well as the configured gapoffset, which will help the SeNB to calculate the actual time of measurement gaps.
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