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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 some issues still need to be discussed, for instance:

· Whether current measurement events/ the number of measurement ID are sufficient?
· How to handle measurement gap for dual connectivity?

In this paper, we analyse the 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:

One alternative was proposed to modify current Event A3 and A5, so that they can apply pSCell in the relevant comparison of inter-frequency measurement [2]. With this solution, we need to add a new field in measurement configuration, as current Event A3 is only based on the relative quality comparison between neighbour cells and PCell. In order 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. Another solution could be to introduce a new event, e.g. A7 for PSCell as A3 for PCell, and A8 for pSCell as A5 for PCell.
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, 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, the combination of Event A2 andA4 can be reused.
As inter-RAT measurement 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 measurement events or change existing measurement events for pSCell in dual connectivity. 
2.2 Maximum number of measurement ID
Currently, 32 measurement IDs are configured for LTE RRM measurements. The numbers of measurement IDs needed in inter-frequency measurement are depended on UE measurement capability and RRM algorithm requirement. Regarding UE measurement capability, the new requirement agreed in RAN4#70 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 normal case (3 serving frequencies and 10 non-serving frequencies) the total number of measurement ID for mobility and CC management purpose in theory will be up to 3*3+10*2 = 29. 

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 29 + 13 = 42. 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 gap
Measurement gap may be required for inter-frequency measurement based on UE capability. At last RAN4 meeting, it was agreed that the non-contiguous uplink intra-band CA feature in Rel-12 specifications is only applicable for co-located scenarios. Based on the analysis in [5], it can be concluded that two separate RF chains need to be supported by UE for non-collocated scenario in order to resolve the problem of large power difference caused by UL parallel transmission.

The typical scenario of dual connectivity is non-collocated and UL parallel transmission must to be supported. Similarly to UL CA, two separate UE RF chains are needed for dual connectivity: one RF for MCG UL and the other for SCG UL.

Observation 3: Two separate UE RF chains are needed for dual connectivity.
In dual connectivity, although UE needs two separate RF chains for MCG UL and SCG UL, there is no such limitation to DL. In fact, it is difficult to guarantee that the MCG DL doesn’t share the same RF with SCG DL. For example, there are three CCs in which CC1 and CC3 work on band A, while CC2 works on band B. The MCG is configured with CC1 UL and DL, the SCG is configured with CC2 UL and DL, as well as CC3 DL only. For UL, UE should use two separate RFs for CC1 and CC2. For DL, UE may use the same RF for both CC1 and CC3 as shown in the figure1. In this case, the Gap for RF1 will impact both the MCG and the SCG.

Observation 4: As long as DL CCs of the MCG and the SCG use the same RF, the measurement gap for this RF will impact both the MeNB and the SeNB.
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Figure 1 DL CCs of the MCG and the SCG use the same RF
Currently, there are three solutions on measurement gap configuration as follows:

Solution 1: One common gap for MCG and SCG.

For this solution, a single gap configuration is applied to all the serving cells, which imposes scheduling restriction on the MeNB and the SeNB. That is, neither of them can schedule the UE during the gap. 
For unsynchronized scenario, coordination is needed between the MCG and the SCG, e.g. exchange of the gap configuration and SFN offset. Furthermore, because the MeNB and the SeNB may not be subframe alignment, as shown in figure2, the gap duration for the SCG will have to be extended to 7ms from 6ms.
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Figure 2  The gap duration for SCG extends to 7ms from 6ms
Observation 5: The gap duration for SCG will have to be extended to 7ms from 6ms due to the probable subframe misalignment between the MCG and the SCG.  

Solution 2: Separate gap for the MCG and the SCG.

For this solution, two separate gap configurations are configured for the MCG and the SCG. 
If the MCG cells and the SCG cells are served by two separate RF chains, no coordination is needed. However, as long as DL CCs of the MCG and the SCG are served by a common RF, the measurement gap for this RF will impact both the MeNB and the SeNB. Therefore, coordination between MCG and SCG is still needed. 
Solution 3: A single gap only for the MCG. 

For this solution, a gap configuration is only applied to the MCG RF chain; there is no gap for SCG RF chain. Of course, it does not work for the case DL CCs of the MCG and the SCG are served by a common RF. In addition, even if the MCG and the SCG are served by separate RF chains, UE RF capability may not allow one RF to support the measurement of all bands. Hence, this solution does not work well.
Based on the above analysis, we propose: 
Proposal 4: one common measurement gap is applicable for both the MCG and the SCG.
As mentioned above, the coordination between the MCG and the SCG is needed when one common measurement gap is configured. 
For synchronized case, the gap configuration shall be transferred from the MCG to the SCG.

For unsynchronized case, in addition to the Gap configuration, the SCG shall also acquire the SFN offset between the MCG and the SCG.

Based on the analysis in [6], we prefer to have UE calculate and report the SFN offset to the MeNB. Then the MeNB forwards the SFN offset and the gap configuration to the SeNB via X2 interface.
Proposal 5: For the coordination of measurementgap, the UE shall calculate and report the SFN offset to the MeNB, and then the MeNB forwards the SFN offset and the gap configuration to the SeNB via X2 interface.

Proposal 5bis: The gap duration for SCG will have to be extended to 7ms from 6ms due to the probable subframe misalignment between the MCG and the SCG.
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: The combination of Event A2 and A4 can be reused;
Observation 2: no change is needed on B1 and B2 for dual connectivity. 

Observation 3: Two separate RFs need to be supported by UE for dual connectivity.
Observation 4: As long as DL CCs of the MCG and the SCG use the same RF, the measurement gap for this RF will impact both the MeNB and the SeNB.

Observation 5: The gap duration for SCG will have to be extended to 7ms from 6ms due to the probable subframe misalignment between the MCG and the SCG.    
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 measurement events or change existing measurement events 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: one common measurement gap is applicable for both the MCG and the SCG.
Proposal 5: For the coordination of measurementgap, the UE shall calculate and report the SFN offset to the MeNB, and then the MeNB forwards the SFN offset and the gap configuration to the SeNB via X2 interface.
Proposal 5bis: The gap duration for SCG will have to be extended to 7ms from 6ms due to the probable subframe misalignment between the MCG and the SCG.
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