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1 Introduction
Up to release 11, a measurement gap is always UE specific and the configuration is applied to all serving cells. In this paper we have investigated if this simplification of one UE specific gap is optimal for dual connectivity or not.

We make the following observations:

1. In dual connectivity, the main scenario is inter-band noncontiguous band combinations, so mostly separate RF chains will be used for separate cell groups. A common understanding is, UE does not need measurement gap to do inter-frequency measurement if UE has an additional RF circuit that is not used in the current configuration as discussed in [3]. 

2. With more and more deployment of small cells, interfrequency measurements for the purpose of offload will be more common, then macro only deployments where inter frequency measurements are mainly for coverage related measurements. So measurement gaps will be used more frequently and needs to be optimized.

3. The MeNB and SeNB might not be time synchronized with desired accuracy unlike CA. And because the frame and sub-frame boundaries of MeNB and SeNB are not aligned, 6 ms measurement gap in MCG will lead to 7 or 8 ms of interruption in the SCG, if a common measurement gap is used.
4. Independent gaps will also help in discovery of DTX cells if the RF circuit has overlapping capability ( 2 independent opportunities for overlap with DRS bursts)
5. In Carrier Aggregation, Cross carrier scheduling of an sCell by a PCell is allowed and also, PUCCH is only with the PCell. So, gap in PCell while receiving in SCell is not an option. In Dual Connectivity, there is no cross-scheduling between cell groups and hence, the above limitation is not there.

Observation1 : Based on the reasons mentioned above, in dual connectivity, using a UE specific measurement gap ( common for MCG and SCG) is not optimal.  
Proposal 1: Based on the advantages of using independent gaps, allow independent measurement gap configuration for MCG and SCG

For measurement gaps in case of dual connectivity, the following considerations need to be discussed in more details, in section 2 we have discussed these options :
1. Whether the measurement gaps apply to one or both of the cell groups

2. If the measurement gaps apply to both the cell groups, whether they are independent or they are coordinated in time

3. UE’s RF architecture is not visible to ENB. Currently there is no way to indicate ENB which serving cell is relevant serving cell for configuring measurement gaps. Whether any UE capabilities would need to be exchanged to determine the above.
4. In what form the UE capabilities above should be indicated: whether in the usual capability information message or as part of RRC Connection reconfiguration complete message for need for gaps on a particular cell group.
2 Discussion
In many UE implementations a particular RF chain may operate only on certain bands. For example, 1 RF chain for low bands and 1 for high bands. If the UE is configured with say gaps in MeNB only (and not in SCG), it may not be able to monitor certain configured frequencies (that can be monitored only using the other RF).

Hence, the following further options exist for deciding measurement gaps on MCG or SCG or both:
Option1: Common gap- UE specific gap based on sub frame numbers in MCG. SCG also sees interruptions in all the overlapping sub-frames. This may lead to 7-8 ms interruptions in SCG

Option2: MCG and SCG have independent measurement gaps. As shown in the figure below, sub cases of option 2 can be :

Option 2a : Gap only in MCG

Option 2b : Gap only in SCG 
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Currently only the UE is aware , whether it needs gap in MCG or SCG. So for option 2, a new method is required for the UE to communicate the capability to the MeNB. In section 2.1, ways of implementing option2 has been discussed in more details.
2.1 Application of independent measurement gaps to MCG and SCG 
Currently UE’s RF capability is only known at the UE and not at the  eNB, however the UE can calculate need for measurement gap in MCG only or SCG only or in both MCG and SCG depends on the following:
1 Configured SCG cells

2 Configured MCG cells
3 Handover ( MeNB change)

4 SeNB Change
5 Configured interfrequency measurements
The above configurations are done through RRC connection reconfiguration. So the UE can indicate if gaps are required in MCG, SCG or both in the RRC connection reconfiguration complete message , or an alternate way would be indicating this as part of the capability indication.
Option a: Gap indication in the RRC Connection reconfiguration complete message for the currently configured  combination of carriers and the carriers to measure.
Option b: Gap indication in initial capability exchange for the supported bands ( or NW requested bands)
Option a: Gap indication in the RRC Connection reconfiguration complete message
The message flow has been shown below. When interfrequency measurements are configured the UE is always configured with synchronized gaps in both the cell groups .
Then based on UE capability , if and only if the UE can support the RRM requirements by having gaps only in MCG or only in SCG without having a glitch in the other cell group , the UE indicates in RRC Connection Reconfiguration complete message the cell group in which it needs gaps

In response to the RRC Connection reconfiguration message UE may indicate :

6 Gap in MCG only

7 Gap in SCG only

8 Gap in both 

If gap is required in both cell groups no further action is required.
If gap is required only in one cell group, then NW shall assume that the UE can be scheduled during the gaps in the other cell group where gaps are not required.
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Option b: Gap indication in initial capability exchange

· As a part of the UE capability, the eNB obtains the supported dual connectivity band combinations from the UE. The UE also indicates its need for gaps while operating in a particular band combination of MCG and SCG for any inter-frequency
· With the above information, the network concludes whether the measurement gaps are required on MCG or SCG or both for a given dual connectivity band combination operation and a set of configured inter-frequencies.
· Note : If the indication is sent for only those bands enquired by the NW , as mentioned in [4] then the additional signaling load may not be significant.  
Observation 2: It is possible to configure measurement gaps in  MCG or SCG only  on the basis of an indication from the UE in RRC Connection reconfiguration complete message or an extended indication of the UE RF capabilities .
Observation 3:  As the UE indicates that gaps are required in one cell group, only if the UE can support the RRM requirements without having a glitch in the other cell group, there is no impact to RAN4 specifications

Though both option a and option b are feasible, option a is simpler and more optimal. 

Proposal 2: Select option a: Gap indication in the RRC Connection reconfiguration complete message  to indicate UE’s requirement for measurement gaps in MCG, SCG or both. 
3 Conclusions
Observation1 : Based on the reasons mentioned above, in dual connectivity, using a UE specific measurement gap ( common for MCG and SCG) is not optimal.  
Observation 2: It is possible to configure measurement gaps in  MCG or SCG only  on the basis of an indication from the UE in RRC Connection reconfiguration complete message or an extended indication of the UE RF capabilities .

Observation 3:  As the UE indicates that gaps are required in one cell group, only if the UE can support the RRM requirements without having a glitch in the other cell group, there is no impact to RAN4 specifications

Proposal 1: Based on the advantages of using independent gaps, allow independent measurement gap configuration for MCG and SCG

Proposal 2: Select option a: Gap indication in the RRC Connection reconfiguration complete message  to indicate UE’s requirement for measurement gaps in in MCG, SCG or both. 
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