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1 Introduction
As per the RAN2 agreements so far regarding 3GPP release 12, the MeNB maintains the RRM measurement configuration of the UE and may, e.g. based on received measurement reports or traffic conditions or bearer types, decide to ask an SeNB to provide additional resources (serving cells) for a UE.
The master cell group as well as the secondary cell group would have their own neighbouring frequencies and corresponding measurement and report triggering parameters. 
The RRM measurement configuration would include measurement gaps which are opportunities for a UE to stop listening to the serving cell in order to use the RF for making measurements of cells existing on the neighbouring frequencies. The neighbouring frequencies are also configured as a part of the measurement configuration. 
For measurement gaps in case of dual connectivity, the following considerations apply which have not yet been discussed:
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. 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 a special message for need for gaps on a cell group.
Proposal 1: RAN2 should discuss the specifics of measurement gap configuration for dual connectivity with regards to which cell group the gaps apply, whether they are independent or coordinated and whether the configuration depends on any new or already existing UE capability indication
In this contribution, we discuss the specifics of the above.

In dual connectivity, the UE is connected to eNBs (Master and small cell eNB) simultaneously with a non-ideal backhaul (high latency and low capacity) between the eNBs. So the two eNBs run more or less independent schedulers. It is desirable that the measurement gap configuration scheme is such that it does not impose scheduling restrictions or requirements for scheduling coordination between MeNB and SeNB
Observation 1: Because of the non-ideal backhaul between the MeNB and the SeNB, they would run more or less independent schedulers.
Proposal 2: The measurement gap configuration method for dual connectivity should not impose requirements for scheduling coordination between the MeNB and SeNB
Due to Master and Secondary eNB not being time synchronized and because of non-ideal backhaul between the eNBs, it is a challenge to acquire offset between the frame/sub frame numbers of the 2 eNBs.  However, how to achieve such coordination is mentioned in 3GPP contribution [1]
In section 2, we discuss the different aspects of the extension of measurement gap configuration for dual connectivity viz.:

· Application of measurement gaps to MCG or SCG or both

· Coordination of measurement gaps of MCG and SCG in time

Following are the reasons why these aspects are relevant for Dual connectivity but not for Carrier Aggregation:

· 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.
· In Carrier Aggregation, the eNBs (serving cells) are frame and subframe synchronized. In Dual Connectivity, MCG and SCG are not synchronized in this manner. So, some additional coordination is required between MeNB and SeNB to have the gap at the same time on the 2 eNBs without giving any additional benefit.
· In Dual Connectivity, it is more throughput optimal if there are options to configure gaps only in one cell group or with different periodicities so that unnecessary gaps are not configured.
· 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)

2 Discussion
The following aspects are discussed regarding the measurement gap configuration for Dual connectivity
2.1 Application of measurement gaps to MCG or SCG or both

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:
1.1.1 Option 1: Same Measurement Gap configuration on both MCG and SCG (may or may not be synchronized)

The network sends the same measurement gap configuration for MCG and SCG with respect to periodicity without making any assumptions on parallelism of measurements on different inter-frequencies. These gaps need not be synchronized in time like in CA. The UE uses the suitable RF chain for measuring different bands. This is not throughput optimal.
Observation 2: The scheme where the network configures the same measurement gaps on both MCG and SCG irrespective of UE RF capabilities is suboptimal with respect to throughput

1.1.2 Option 2:  SCG measurement gap configuration based on UE message after addition of SCG
A new message is added for the UE to indicate gap requirement (in SCG) to the eNB if list of frequencies configured cannot be monitored without using the RF tied to the MCG/SCG cells 

· When the SCG is added, the UE indicates if it requires measurement gaps on the SCG or MCG for being able to measure the new inter-frequencies.
· The network based on the above, configures the SCG measurement gaps independent of the MCG measurement gaps. It may also reconfigure the MCG gaps based on the UE indication.

1.1.3 Option 3: MCG or SCG measurement gap configuration based on UE capability

The MCG or SCG measurement gap configurations are decided based on existing and additional UE capability indication.
· 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. 
Observation 3: If MCG and SCG measurement gaps are configured on the basis of an extended indication of the UE RF capabilities or a separate message indication conveying the same information, the right amount of gaps can be configured on each of MCG and SCG to maximize throughput without hurting the RRM performance requirements
Proposal 3: RAN2 should consider a method for the UE to indicate its RF capabilities in case of dual connectivity for requiring gaps on the RF chain dedicated to MCG or SCG specifically so that measurement gaps can be decided on MCG and SCG independently.
2.2 Coordination of measurement gaps of MCG and SCG in time

There are two options for measurement gap configuration in case of dual connectivity.
2.2.1 Option a: UE-specific measurement gap configuration which is common and coordinated for both MeNB and the SeNB

This means that one measurement gap configured per UE, 6 sub frames in terms of MeNB frame timing. The following are its drawbacks:

· With SCG not being synchronized with the MeNB will lead to up to 7 sub-frame gap in both MeNB and SeNB. 
· SeNB will have to understand M-Gap timing specified in units of MeNB sub frame so as to apply this in its own scheduling logic. Otherwise, each eNB has to configure measurement gaps based on the other’s measurement gaps and also with knowledge of the frame/subframe offset between the 2 eNBs. 
· Coordinated measurement gaps also rule out configuring different amount of gaps in the 2 eNBs.
Observation 4: If MCG and SCG measurement gaps are coordinated in time between MeNB and SeNB, it imposes scheduling restriction on the MeNB and SeNB as neither of them should be scheduling the UE during that period of time.
2.2.2 Option b: Measurement gaps for each UE are independent in the MCG and SCG. 
Here, the gaps are indicated in a separate configuration for MCG and SCG. The advantage is that:

· There can be independent operations of 2 cell groups also with the possibility that one cell group has gaps while the other does not have gaps has gaps of different periodicity than the other. 
· The scheduling restrictions occurring with a periodicity of the measurements gaps will also be lifted. 
· The MeNB and SeNB will not need to know their frame/subframe timing offsets. 
Based on the capability indication from the UE discussed in sections 0 and 2.1.3, it is possible for the network to alter the periodicity of measurement gaps according to the UE RF capabilities. This will be possible if independent measurement gap configurations are allowed in MCG and SCG. For example, say the UE capability indicates that while operating in band A on MCG and band B on SCG, it needs no gaps for measuring inter-frequency f1; needs gaps on MCG for measuring inter-frequencies f2 and f3; and needs gaps on SCG for measuring inter-frequency f4. In this case, the network can configure less gaps per unit time on SCG than on MCG while meeting the same search and measurement latency requirements for all frequencies. The currently available options are one measurement gap every 40 ms or one every 80 ms or no gaps at all.
Observation 5: If we choose to allow independent measurement gap configurations in MCG and SCG also based on an extended UE capability message or a new message, there are no scheduling restrictions on MeNB and SeNB except for not scheduling the UE in is measurement gaps which can be chosen independently and based on UE requirements. It is also possible to alter the measurement gap periodicity in accordance with UE capability and hence, maximize throughput. 

Proposal 4: RAN2 should decide in favour of independent measurement gaps on MeNB and SeNB.
3 Conclusions
Observation 1: Because of the non-ideal backhaul between the MeNB and the SeNB, they would run more or less independent schedulers.

Observation 2: The scheme where the network configures the same measurement gaps on both MCG and SCG irrespective of UE RF capabilities is suboptimal with respect to throughput

Observation 3: If MCG and SCG measurement gaps are configured on the basis of an extended indication of the UE RF capabilities or a separate message indication conveying the same information, the right amount of gaps can be configured on each of MCG and SCG to maximize throughput without hurting the RRM performance requirements

Observation 4: If MCG and SCG measurement gaps are coordinated in time between MeNB and SeNB, it imposes scheduling restriction on the MeNB and SeNB as neither of them should be scheduling the UE during that period of time.
Observation 5: If we choose to allow independent measurement gap configurations in MCG and SCG also based on an extended UE capability message or a new message, there are no scheduling restrictions on MeNB and SeNB except for not scheduling the UE in is measurement gaps which can be chosen independently and based on UE requirements. It is also possible to alter the measurement gap periodicity in accordance with UE capability and hence, maximize throughput.
Proposal 1: RAN2 should discuss the specifics of measurement gap configuration for dual connectivity with regards to which cell group the gaps apply, whether they are independent or coordinated and whether the configuration depends on any new or already existing UE capability indication
Proposal 2: The measurement gap configuration method for dual connectivity should not impose requirements for scheduling coordination between the MeNB and SeNB
Proposal 3: RAN2 should consider a method for the UE to indicate its RF capabilities in case of dual connectivity for requiring gaps on the RF chain dedicated to MCG or SCG specifically so that measurement gaps can be decided on MCG and SCG independently.
Proposal 4: RAN2 should decide in favour of independent measurement gaps on MeNB and SeNB.
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