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1. Introduction
According to the architecture of DC (Dual Connectivity), the UE with two cell groups (namely MCG and SCG) could have two receivers in most cases, so as to support multi-RX/multi-TX. Then how the MG (Measure Gap) is configured should be discussed. In this contribution, we discuss the detailed issues on supporting MG for DC.
2. Discussion
2.1. Common or separate measurement gap

For the UE configured with DC, we could have the following three solutions for MG configuration:
· Option 1: One common MG for both MCG and SCG
· Option 2: One separate MG for either MCG or SCG
· Option 3: Two separate MG(s), one for MCG and one for SCG
Option 1 provides one common MG for the UE. The UE only stops its data transmission at both MCG and SCG during the MG. Option 2 provides one MCG (or SCG) MG to the UE. The UE stops its data transmission at MCG (or SCG) and keeps data transmission at the SCG (or MCG) during the MG. Option 3 provides two MGs to the UE, one for the MCG and another for the SCG. During the MCG (or SCG) gap, the UE stops its data transmission at MCG (SCG) and keeps data transmission at the SCG (MCG). 
2.1.1 Detailed analysis on the interruption
In the following, we give our analysis on the interruption time cause by different MG configuration schemes, as the target of introducing Option 2 and 3 is to reduce the interruption time during measurement. According to 36.133 [1], the PCell interruption for the intra-band measurement on deactivated SCC is up to 5ms, and the PCell interruption for the inter-band SCC measurement on deactivated SCC is up to 1ms. Then if we keep the UE work at MCG, but switch off the serving frequency of SCG to measure another frequency, the switching of serving frequencies will cause the interruption at the MCG. During the interruption period, the UE is unable to perform the measurement and data transmission. Depending on the UE RF capability which could be single or dual RF chain, the interruption time could be up to 1ms or 5ms respectively for each interruption. The following analysis is simplified for FDD DL.  
Table 1: Interruption of common MG
	Option 1: 

Maximum Interruption of Common MG
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Option 1 is the same as the legacy MG configuration. Then the interruption only occurs during each gap for all serving frequencies.
Table 2: Interruption of one separate MG
	Option 2.1: 
Maximum Interruption of MCG MG with extra capability indication
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	Option 2.2: 

Maximum Interruption of MCG MG without extra capability indication
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According to the analysis given in Table 1, if the UE does not indicate its measurement capability for each frequency, the glitch issue could cause that the UE is even not able to measure the target frequency during the MG, and the interruption is even more than that of the common MG solution. By comparing the interruption between Table 1 and Table 2, with the capability indication for each frequency, the interruption time can be reduced. For two separate MGs, if the UE does not indicate its measurement capability for each frequency, the glitch issue can also occur. Then Table 3 only gives the analysis on Option 3 with extra UE capability indication.
Observation 1: To reduce the interruption, separate MG requires the UE to indicate the measurement capability for each frequency.
Table 3: Interruption of two separate MGs
	Option 3.1:
Maximum Interruption of two MGs without non-aligned two MGs
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	Option 3.2: 

Maximum Interruption of two MGs with aligned two MGs
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According to 36.133 [1], if the common MG (Option 1) is configured with 80ms MGRP (Measurement Gap Repetition Period), there is no space for the Option 3 with two separate MGs to reduce the interruption.  Only if the common MG is only configured with 40ms MGRP, the two separate MGs in which the MCG MG has 40ms (or 80ms) MGRP and the SCG GP has 80ms MGRP could reduce the interruption. On the other hand, if Option 2 is configured with 80ms MGRP, there is still no space for the two separate MGs to reduce the interruption. 
Observation 2: Only if the common MG is not able to be configured with 80ms MGRP, the two separate MGs can be used to reduce the interruption.

If Option 1 in Table 1 configures the UE with 40ms MGRP, the interruption will be 6ms for each cell group (total interruption is 12 TTI for two cell groups) during each 40ms. 
If Option 2 in Table 2 configures the UE with 40ms MGRP at the MCG, the UE will have 2ms interruption at SCG and 6ms interruption a MCG (total interruption is 8 TTI for two cell groups) during each 40ms. 
For Option 3.1 Table 3, if the UE is configured with two separate MGs (the MCG MG with 80ms MGRP and the SCG MG with 40ms MGRP), the UE will have (6+2*2)/2=5ms interruption at MCG and (6+2/2)=7ms interruption at SCG (total interruption is 12 TTI) during each 40ms in Table 3, which is more than that of Option 2 and the same as that of Option 1. For Option 3.2 with the two separate MG configurations which are aligned at each gap, the interruption will be reduced to (6+2)=4ms at MCG and at 6ms SCG (total interruption is 10 TTI for two cell groups) during each 40ms, which is still more than that of Option 2 and slightly better than Option 1. 
Observation 3: Compared with two separate MGs, one separate MG can reduce more interruption time.
Based on Observation 3, we can exclude Option 3 first, as the complexities of Option 3 are more than that of Option 2. 
2.1.2 General Comparison
Based on Observation 2 and 3, we can have Option 1 and 2 as candidate solutions for DC. This section gives the specification impacts on Option 1 and 2.
Table 4: Comparison between Option 1 and Option 2
	
	Uu signaling
	X2 signaling
	UE complexity
	Network complexity
	Interruption
	Standard effort

	Option 1
	Low
	Small
	Low
	Low
	Long
	Low

	Option 2
	High
	Small
	High
	High
	Short
	High


According to the agreements for DC, the RRM measurements are configured and managed by the MeNB. While configuring the measurement gap, the SeNB also needs to know the configuration in order to avoid scheduling data transmission during the transmission gap. Then both Option 1 and Option 2 need the MeNB to inform the SeNB of the MG configuration via X2.

Proposal 1: The MeNB configures the measurement gap and forwards it to the SeNB.  
Considering the Uu signaling, the measurement capability indication for each frequency will increase the Uu signaling for Option 2. 
Considering the UE complexity, the UE needs to manage the measurement gap for one specific cell group, and keeps data transmission at another cell group. And the UE needs to determine the interruption period for each cell group, which will be more complicated while DC is configured with different UL/DL subframe configurations between MCG and SCG. 
In terms of the network complexity, in Option 1 and Option 2, both MeNB and SeNB should know the MG configuration and avoid the data transmission at each interruption period. However if the DC is configured with different UL/DL subframe configurations between MCG and SCG, the network needs to follow more complicated interruption timing for Option 2.   
Compared with Option 1, although Option 2 can potentially reduce the interruption time, the complexities and the extra standard efforts should also be considered. As the measurement gap indication included in the current UE capability is already complicated, further measurement gap indication per band and per supportedBandCombination will make UE capability reporting more complex.
Proposal 2: One common measurement gap is considered as a baseline for dual connectivity.  
2.2. Interruption period of different UL/DL subframe configuration between MCG and SCG
During the measurement gap, the interruption time which is defined in 36.133 by RAN4 [1] (which can also be found in Annex 2) is different for FDD and TDD in the uplink. This is because in Rel-10/11 CA, all serving cells of the UE will have the same UL/DL subframe configuration. However according to the agreement for DC, “MCG and SCG may operate either in the same or in different duplex schemes” [2]. Once a measurement gap is configured for the UE with different UL/DL subframe configurations, the interruption timing will be impacted. We think that RAN4 should be informed of the DC scenario with different UL/DL subframe configurations between MCG and SCG, and clarify the interruption period for the DC UE.    
Proposal 3: RAN2 is kindly requested to send an LS to RAN4 to inform them that the dual connectivity can be configured with the same or different UL/DL subframe configurations between MCG and SCG, and one common measurement gap is adopted for dual connectivity.
3. Conclusion
According to the analysis given in section 2, we have the following Observations and Proposals:
Observation 1: To reduce the interruption, separate MG requires the UE to indicate the measurement capability for each frequency.
Observation 2: Only if the common MG is not able to be configured with 80ms MGRP, the two separate MGs can be used to reduce the interruption.

Observation 3: Compared with two separate MGs, one separate MG can reduce more interruption time.
Proposal 1: The MeNB configures the measurement gap and forwards it to the SeNB.  

Proposal 2: One common measurement gap is considered as a baseline for dual connectivity.  
Proposal 3: RAN2 is kindly requested to send an LS to RAN4 to inform them that the dual connectivity can be configured with the same or different UL/DL subframe configurations between MCG and SCG, and one common measurement gap is adopted for dual connectivity.
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Annex 1
The following measurement gap configurations are extracted from 36.133 [1]:
Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


Annex 2
The following interruption time for the UE is extracted from 36.133:

	During the measurement gaps the UE:

-
shall not transmit any data

 -
is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell and SCell.

In the uplink subframe occurring immediately after the measurement gap,

-
the E-UTRAN FDD UE shall not transmit any data
-
the E-UTRAN TDD UE shall not transmit any data if the subframe occurring immediately before the measurement gap is a downlink subframe.
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