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1 Introduction
In the latest RAN4 RRM adhoc, detailed discussions have been done on measurement gap length for synchronized and unsynchronized dual connectivity; however no agreement has been made so far.

In this contribution, we outline our proposals on measurement gap length configurations and interruptions for dual connectivity.
2 MGL for synchronized operation
In synchronized dual connectivity operation, we propose to have aligned measurement gaps, since this will make the dual connectivity operation similar to CA operation. In this case, we can reuse the measurement gap lengths already specified for CA.
Proposal-1: Common measurement gap should be designed for synchronized mode of dual connectivity. 

3 MGL in unsynchronized operation
It’s been under discussions in RAN2 that same measurement gaps across MCG and SCG make things easier compared to different measurement gaps. Inline with the thinking in RAN2, we propose the following:
Proposal-2: Common measurement gap should be designed for unsynchronized mode of dual connectivity, similar to synchronized dual connectivity. 

The potential overlap of subframes in unsynchronized case can be anything up to 500µs. This means that, there will be an overlap on a subframe either before or after the measurement gap. 

The impact of various carrier configurations on the effective measurement gap length is analyzed below. The terminologies are as follows:

· Cell group X (xCG): The cell group in which the measurement gap is defined primarily, i.e., the cell group belonging to the eNodeB (MeNB or SeNB) that has decided to do inter-frequency and/or inter-RAT measurements.

· Cell group Y (yCG): The cell group that has to adapt to/follow/take into account the measurement gaps called for by Cell group X.

The xCG and yCG may be MCG and SCG respectively or SCG and MCG respectively.

The following is analyzed:

· DL timing of xCG is later than yCG with up to 0.5 subframes, i.e., yCG leads and xCG lags.

· Minimum and maximum timing advance applied in xCG

· Minimum and maximum timing advance applied in yCG

· DL timing of xCG is earlier than yCG with up to 0.5 subframes, i.e., yCG lags and xCG leads. 

· Minimum and maximum timing advance applied in xCG

· Minimum and maximum timing advance applied in yCG

Furthermore the following combinations are investigated:

· xCG FDD, yCG FDD
· xCG TDD config1, yCG TDD config 1
The subframes in yCG that are in conflict with the measurement as identified for xCG are identified and marked in the figures. Following the legacy behavior those would decrease the radio time that is available for inter-frequency and inter-RAT measurements, and hence have a negative impact on the UE mobility.
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Figure 1: FDD; (a) yCG leads, (b) yCG lags.
The example of FDD-FDD dual connectivity with regard to measurement gap configurations is shown in Figure 1. 

In order to secure a measurement gap of the given length (6 ms), the UE autonomously extends the measurement gap for cell group Y by:

· one leading subframe; in case the timing for cell group Y leads over cell group X,

· one trailing subframe; in case the timing for cell group Y lags after cell group X.

Here, the leading subframe occurs just prior to the measurement gap and the trailing subframe occurs just after the measurement gap. 

An example of TDD-TDD case with TDD configuration 1 is shown in Figure 2. Other cases (i.e. different TDD UL/DL combinations, TDD-FDD case, etc.) can also be investigated in similar fashion.
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Figure 2: TDD configuration 1, DL subframe before the gap. (a) yCG leads, xCG minimum TA, (b) yCG lags, xCG mimimum TA, (c) yCG leads, xCG maximum TA, (d) yCG lags, xCG maximum TA.

In general, when MGL is configured at the xCG, then the yCG needs to have one additional subframe in its MGL. When the xCG is relatively earlier than yCG, then the additional subframe in yCG is taken from the earlier subframe. In this case, as shown in Figure 1(b) and Figure 2(d), subframe #0 is included in MGL for yCG.

Similarly, when yCG is relatively earlier than xCG, then a trailing subframe needs to be added to MGL for xCG. In this case, we have added subframe#8 as the 7th subframe for MGL in yCG in Figure 1(a) and Figure 2(a),(c).
Based on the above discussions, we propose the following:

Proposal-3: When MGL is configured at the xCG, then MGL will be 6ms in xCG and 7 ms in yCG. 

Proposal-4: Depending on whether xCG is relatively earlier or later compared to yCG respectively, the 7th subframe in yCG will be either earlier or later subframe with respect to the 6ms MGL window, respectively.

Corresponding rules will apply when MGL is configured at yCG and xCG follows.
4 Proposed changes in 36.133

The standard specifies the rules regarding measurement gaps in 3GPP TS 36.133 subclause 8.1.2.1 (which is appended in Section 8). In order to avoid introducing a completely new UE behavior and instead build dual connectivity on legacy behavior a slight generalization is considered, as captured below:
· 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, SCell, and/or PSCell.

· In the uplink subframe occurring immediately after the measurement gap:

· E-UTRAN FDD carrier: UE shall not transmit any data,

· E-UTRAN TDD carrier: UE shall not transmit any data if the subframe occurring immediately before the gap is a downlink subframe [i.e., not a special subframe or an uplink subframe],

· Whether the UE can transmit when the subframe immediately before the gap is an uplink subframe [or special subframe] is up to the UE implementation.

· A measurement gap starts at the end of the latest subframe occurring immediately before the gap.

This takes the concept of dual connectivity into account by adding PSCell to the existing rules, and also recognizes that there will be UEs capable of FDD and TDD simultaneously and therefore the behavior shall be tied to the duplex mode of the carrier rather than on a UE supporting either FDD or TDD.

5 Interruption time requirements in unsynchronized operation

For single RFIC implementation and synchronous operation of MeNB and SeNB with respect to the frame timing, the MeNB will have to be interrupted similar to how it is for legacy CA, i.e., 5ms in case MeNB and SeNB are intra-band, and 1ms for inter-band dual connectivity. 

Here our understanding is that similar to legacy CA, there will be an interruption of all active carriers in MCG and SCG when a SCC/SCell is configured, activated, deactivated or released. For synchronous operation of MeNB and SeNB the interruption shall be the same as in legacy CA, with the difference that both MeNB and SeNB will see interruptions they are not aware of, since SCells are handled autonomously in MCG and SCG, respectively.

In case of unsynchronized operation, the interruption has to be increased by 1ms, i.e. 6 and 2ms, respectively. The rationale is that if the frame timing is shifted by one slot, it effectively reduces the usable interruption time for the SeNB to 4ms if not extended.
Proposal-5: In case of unsynchronized operation, the interruption has to be increased by 1ms, i.e. 6 and 2ms for intra-band and inter-band deployment, respectively.

6 Summary and Conclusion 
The following is proposed regarding the accuracy of the SFN offset:
Proposal-1: Common measurement gap should be designed for synchronized mode of dual connectivity. 

Proposal-2: Common measurement gap should be designed for unsynchronized mode of dual connectivity, similar to synchronized dual connectivity.

Proposal-3: When MGL is configured at the xCG, then MGL will be 6ms in xCG and 7 ms in yCG. 

Proposal-4: Depending on whether xCG is relatively earlier or later compared to yCG respectively, the 7th subframe in yCG will be either earlier or later subframe with respect to the 6ms MGL window, respectively.
Proposal-5: In case of unsynchronized operation, the interruption has to be increased by 1ms, i.e. 6 and 2ms for intra-band and inter-band deployment, respectively.
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8 Appendix: measurement gap configurations in 36.133, section 8.1.2.1
8.1.2.1
UE measurement capability

If the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells, in order for the requirements in the following subsections to apply the E-UTRAN must provide a single measurement gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs.
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. 

-
whether the E-UTRAN TDD UE can transmit data or not is up to the UE implementation if the subframe occurring immediately before the measurement gap is an uplink subframe.
Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable of conducting such measurements without gaps. UEs shall only support those measurement gap patterns listed in Table 8.1.2.1-1 that are relevant to its measurement capabilities.

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


NOTE 1:
When inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern 0 can be used. For defining the inter-frequency and inter-RAT requirements  Tinter1=30ms shall be assumed. 
NOTE 2:
A measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap.
A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used and the minimum available time Tinter1 of 60 ms shall be assumed for the corresponding requirements.
If the UE supporting E-UTRA carrier aggregation when configured with an SCC is performing measurements on cells on PCC, inter-frequency measurements, or inter-RAT measurements, and an interruption occurs on PCell due to measurements performed on cells on the SCC with a deactivated SCell according to section 8.3, then the UE shall meet the requirements specified for each measurement in Section 8 and Section 9.
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