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1 Introduction 
The configuration for the measurement gap has been discussed in RAN2, and the following potential solutions have been raised in the discussion.

· Common MG configuration; a single MG for both MCG and SCG

· Independent MG configuration; MG can be configured for each CG separately
The intention of the contribution is to give a further discussion on the potential solutions and try to identify the impact on the specifications.

2 Discussion on the measurement gap
For the Common MG configuration
In common MG configuration, a single MG configuration is applied to all serving cells, which is a direct extension from Rel-11 measurement gap handling. Considering the UEs with single RF, which need a synchronisation measurement gap in both MCG and SCG, we think the common MG configuration should be supported as a baseline in small cell dual-connectivity in R12.
Proposal 1: In order to support the UE with single RF, common MG configuration (i.e. single measurement gap for both MCG and SCG) shall be supported in R12.

The requirement on frame-timing synchronisation between MeNB and SeNB has been discussed in RAN1 and the related working assumption, which can be found as follow, has been forward to RAN2 in LS [1].

----------------------------------------- working assumption captured in [1] Start-----------------------------------------

· Dual connectivity should support the scenarios where UE can assume the maximum received timing difference from MeNB and SeNB is 30.26 + X micro sec

· Note: The value X is up to RAN4 decision on the potential requirements of synchronization accuracy between MeNB and SeNB

· Dual connectivity should support the scenarios where UE cannot assume any maximum timing difference from MeNB and SeNB
----------------------------------------- working assumption captured in [1] End----------------------------------------

From the working assumption made in RAN1, we can see the scenarios where UE cannot assume any maximum timing difference from MeNB and SeNB (i.e. de-synchronized scenarios) shall also be supported in small cell dual connectivity, which is different from the requirement in carrier aggregation. 
According to the agreement made in RAN2#85BIS that “RAN2 assumes that the SeNB should be able to acquire the SFN offset to the MCG of the UE (e.g. in order to align DRX occasions or measurement gaps) and would need to be determined by an X2 procedure or by UE reporting“, we can assume that the measurement gap can be aligned in SFN level in both MCG and SCG. However, in the de-synchronized scenarios, knowing the SFN offset is not enough for the configuration of synchronized measurement gap. One example is given as below:
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Figure 1: de-synchronized scenarios

In this example, the measurement gap is configured on the subframe 2-7 in SFN X in MCG, and SeNB can calculated the real SFN for the measurement gap is SFN Y based on the SFN offset between MCG and SCG. However, considering the frame timing difference in the de-synchronized scenario (i.e. 4ms mismatch in the frame timing between MCG and SCG in this example), 4 ms difference may still exist between the gap in MCG and SCG, which means 4 ms transmission failure may occur at least.
-----------------------------------------------Example Start----------------------------------------------------

From the example given above, we can see that in order to configure a synchronized gap in de-synchronized scenarios, both the difference of SFN and frame timing should be informed to SeNB.
Proposal 2: For the common MG configuration (i.e. single measurement gap for both MCG and SCG), the SeNB should be able to acquire the Frame timing offset to the MCG of the UE.
Even with the SFN offset and Frame timing offset, the configuration of measurement gap cannot be completely synchronized in MCG and SCG due to the de-synchronisation between MeNB and SeNB. One example is shown as follow:
-----------------------------------------------Example Start----------------------------------------------------
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In the example, based on the SFN offset and Frame timing offset, the SeNB can calculate that the measurement gap will exist in the subframe 8/9 of SFN Y and subframe 0/1/2/3 of SFN Y+1. However, in the figure, we can see that there is an overlap between the subframe 8 in SFN X in MCG and the subframe 3 in SFN Y+1 in SCG. Considering the UE with single RF cannot receive signal in MCG (SCG) during the measurement gap in SCG (MCG), both the transmission on subframe 8 of SFN X in MCG and subframe 7 of SFN Y in SCG will fail due to the overlap with the measurement gap.
-----------------------------------------------Example End----------------------------------------------------

In order to avoid the transmission failure depicted in the example above, we give our proposal as:
Proposal 3: For the common MG configuration (i.e. single measurement gap for both MCG and SCG), the subframe overlap with the measurement gap in either MCG or SCG shall also be considered as ‘measurement gap’.
For the Independent MG configuration
In the independent MG configuration, the measurement gap configured in MCG (SCG) is isolated with measurement gap in SCG (MCG), which means UE may only have measurement gap configured in either MCG or SCG, or have different measurement gap configured in MCG and SCG. Since the UE with single RF can not do any reception and transmission in neither MCG nor SCG during the measurement gap, the independent MG configuration can only be used for the UE with multiple RF.
Observation 1: The independent MG configuration can only be used for the UE with multiple RF.

The measurement gap for UE with multiple RF chain has been discussed in CA in [2], and from this discussion, we can see that, each RF chain of UE may support different frequency band. However, in the current specs, UE only report overall band combination supported, which means it is not possible for the eNB know the capability for each RF. So, even UE has multiple RF chain, it is still not possible for the eNB to configure independent MG based on the current capability reported. One example is given as follow:
-----------------------------------------------Example Start----------------------------------------------------

UE has two RF chains. 
· RF chain 1: support frequency band A/B but cannot work in band A/B at the same time (i.e. measurement gap is needed when UE in band A/B for band B/A respectively).
· RF chain 2: support frequency band D/E but cannot work in band C/D at the same time (i.e. measurement gap is needed when UE in band C/D for band D/C respectively). 
In this example, UE is configured to use small cell dual connectivity with MCG in band A and SCG in band D, and one neighbour cell is in band B. Based on the RF capability, we can see the measurement gap shall be configured on MCG to provide spare time for RF chain 1 to measure neighbour cell in band B. However, both MeNB and SeNB do not know the RF capability, so it is not possible for the eNB to configure the measurement gap on the right cell group (i.e. MCG or SCG).
-----------------------------------------------Example End----------------------------------------------------

In order to configure the independent measurement gap on the right cell group (i.e. MCG or SCG), we give our proposal as:
Proposal 4: For the Independent MG configuration, the MeNB should be able to acquire the capability for each RF chain (i.e. which frequency band can be supported for each RF chain) of the UE, and eNB can configure a measurement gap for a specific cell group (i.e. MCG or SCG or both).
Comparison between Common and Independent MG configuration

Compare the common MG configuration and independent MG configuration, the independent MG configuration can restricted the measurement gap in one cell group and can bring some gain in the overall throughput. However, consider the UE with single RF shall be supported in small cell dual connectivity anyway, we propose to consider the common MG configuration as baseline with higher priority and treat the independent MG configuration as an enhancement if we have time budget.

Proposal 5: Consider the common MG configuration as baseline with higher priority and treat the independent MG configuration as an enhancement if time budget is allowed.

3 Conclusion 
 RAN2 is encouraged to discuss the issues listed above and consider the observation and proposal as follow:
For the Common MG configuration

Proposal 1: In order to support the UE with single RF, common MG configuration (i.e. single measurement gap for both MCG and SCG) shall be supported in R12.

Proposal 2: For the common MG configuration (i.e. single measurement gap for both MCG and SCG), the SeNB should be able to acquire the Frame timing offset to the MCG of the UE.

Proposal 3: For the common MG configuration (i.e. single measurement gap for both MCG and SCG), the subframe overlap with the measurement gap in either MCG or SCG shall also be considered as ‘measurement gap’.

For the Independent MG configuration
Observation 1: The independent MG configuration can only be used for the UE with multiple RF.

Proposal 4: For the Independent MG configuration, the MeNB should be able to acquire the capability for each RF chain (i.e. which frequency band can be supported for each RF chain) of the UE, and eNB can configure a measurement gap for a specific cell group (i.e. MCG or SCG or both).
Comparison between Common and Independent MG configuration
Proposal 5: Consider the common MG configuration as baseline with higher priority and treat the independent MG configuration as an enhancement if time budget is allowed.
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