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1 Introduction
In the latest RAN4 meeting and earlier, detailed discussions have been done on measurement gap length for synchronized and unsynchronized dual connectivity. It has been agreed that measurement gap length (MGL) for synchronized dual connectivity will be similar to legacy CA systems. However, due to larger than 33us overlap between subframe timing boundaries in unsynchronized case, there is a need to design modified measurement gap length configurations for unsynchronized mode of dual connectivity..

Earlier, we have provided our views on measurement gap length for dual connectivity in [2]. In this contribution, we further elaborate our proposals on this issue, and propose potential changes in 36.133 to reflect our thoughts. 
2 Agreements in RAN4#72bis
In RAN4#72bis, detailed discussions on this issue have been done. The agreements according to the minute of the adhoc are as follows [3]: 

-----------------------------------------------

Agreements:
· GAP for unsynchronised DC
· The GAP length is the time from starting tuning to end of retuning, which is up to 6 subframe for MCG and SCG. The total interruption time on SCG is [7] subframes.
· Figures on definition of MGL will be helpful.
· UE behaviour after MGP
· Behaviour shall be defined for MCG and SCG
-----------------------------------------------

3 Subframe pairing for MGL in dual connectivity
Since we have the following assumptions in dual connectivity:

1. The SFN alignment may not be possible between MCG and SCG

2. There may be a maximum of 500µs of maximum receive timing difference between signals in subframe level from MeNB and SeNB.
As seen from the Figure 1, there are mainly three possibilities of subframe boundary mismatch between received signals from MCG and SCG at the UE, i.e. 

(1) when the mismatch is less than 500µs (by extension, synchronized case is included here), 

(2) when the mismatch is more than 500µs (when we look at the beginning of the subframes in temporal domain), and 

(3) when the mismatch is exactly 500µs (this is truly a theoretical case, with very little probability, in the order of 0.2%).  

It has also been agreed in RAN2 that, MGL will be configured in MCG and SCG will follow, meaning that, once we have the subframe numbers for MGL in MCG known to the UE, the UE has to find out the corresponding subframe numbers of the SCG, so that MGL can be defined for SCG accordingly. 

To define the subframe pairs for MGL in dual connectivity, we need to identify the two subframes at the beginning of the MGL on MCG and SCG that would be paired together. This is needed for both synchronized and unsynchronized case.  
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(a) Subframe timing mismatch between ith and jth subframe by less than 500µs [image: image2.emf]Slot 1 Slot 2
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(b) Subframe timing mismatch between ith and jth subframe by more than 500µs
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(c) Subframe timing mismatch between ith and jth subframe by exactly by one slot (i.e. 500µs)

Figure 1 Different levels of subframe timing mismatch between subframes in MCG and SCG respectively
3.1 Option-1: pairing based on overlapping on slot 1 of the subframes

Based on the above illustrations, it could be challenging to find the subframe pairs that should be considered for MGL in MCG and SCG. 

As 1st option, to constitute a subframe pair, a UE considers the subframes in MCG and SCG whose slot1 overlaps on each other. In this way, always the beginnings of the subframes are considered for constituting the subframe pair.

In case of Figure 1(a), subframe i in MCG and subframe j in SCG constitutes the subframe pair. Similarly, subframe i in MCG and subframe j-1 in SCG constitutes the subframe pair in Figure 1(b). So, in this option, the MGL is derived based on the following main principles:

The subframes in one CG that overlap with subframes in another CG in their respective slot 1 should be paired together between CGs.

As we have agreed in [3], we need a 7th subframe in SCG in addition to 6ms measurement gap. Thus, in this option, the 7th subframe is subframe j-1 in case of Figure 1(a), i.e. the earlier subframe wrt 6ms MGL (when MCG leads SCG), while it is subframe j+5 in case of Figure 1(b) (not shown in Figure 1(b)), i.e. the later subframe wrt to 6ms MGL (when SCG leads MCG). 

The resulting MGL at both MCG and SCG is shown in Figure 2. In this case, when MCG leads, then SF#0 is included in MGL for SCG, and when SCG leads, then SF#7 is included in MGL for SCG. So, UE behaviour will be as follows:

1. When MCG leads
a. SF#1 to SF#6 is the gap for both MCG and SCG
i. General gap behavior applies here
b. SCG cannot receive or transmit in SF#0
2. When SCG leads
a. SF#1 to SF#6 is the gap for both MCG and SCG
i. General gap behavior applies here
b. SCG cannot receive or transmit in SF#7
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Figure 2 Configuration of MGL in MCG and SCG based on option-1 for subframe pairing
3.2 Option-2: Overlapping based on 1st immediate subframe in SCG wrt MCG MGL

In this option, 6ms window in SCG will start from SCG subframe that starts after first subframe in MCG gap. This is shown in Figure 3. In our opinion, this is simpler since 7th subframe is always the subframe earlier wrt 6ms MGL. Also, only one definition of MGL is constituted in this option. 

UE behaviour will be as follows:

1. SF#1 to SF#6 is the gap for both MCG and SCG

a. General gap behavior applies here

2. SCG cannot receive or transmit in SF#0
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Figure 3 Configuration of MGL in MCG and SCG based on option-2 for subframe pairing
So, we propose the following:

Proposal-1: The subframe pairs for MCG and SCG can be defined in a way so that the first subframe in the MGL of SCG will be the subframe that starts immediately after the first subframe of MCG has started.

4 Proposed changes in 36.133

In this section, we propose the changes required in TS 36.133 regarding the measurements in dual connectivity. We have taken some of the proposals from [4]. We have provided a corresponding CR in [5].
<< Start of change in 36.133>>

8
UE Measurements Procedures in RRC_CONNECTED State

8.1
General Measurement Requirements

8.1.1
Introduction

This clause contains requirements on the UE regarding measurement reporting in RRC_CONNECTED state. The requirements are split in E-UTRA intra frequency, E-UTRA inter frequency, Inter-RAT UTRA FDD, UTRA TDD and GSM measurements. These measurements may be used by the E-UTRAN, e.g. for handover decisions. The measurement quantities are defined in [4], the measurement model is defined in [22] and measurement accuracies are specified in clause 9. Control of measurement reporting is specified in TS 36.331 [2].
When the UE is provided with IDC solution, the UE shall also perform RRM measurements and meet the corresponding requirements in clause 8.

In the requirements of Section 8.1 for the UE capable of CA and the UE configured with one or two SCells, the applicable exceptions for side conditions are specified in Annex B, Sections B.4.2 and B.4.3, respectively.

In the requirements of Section 8.1 for the UE capable of DC and the UE configured with one PSCell, the applicable exceptions for side conditions are specified in Annex B, Sections B.4.2 and B.4.3, respectively.
The requirements in Section 9 are applicable for a UE performing measurements according to Section 8.1.

8.1.2
Requirements

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,  any SCell and PSCell.

If the UE supporting dual connectivity is configured with PSCell and the maximum received timing difference between MCG and SCG at the UE is more than 33µs, during the total interruption time as shown in Figure 8.1.2.1-1, the UE shall not transmit any data in SCG.
The subframe pairs for MCG and SCG can be defined in a way so that the first subframe in the MGL of SCG will be the subframe that starts immediately after the first subframe of MCG has started.
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.
In the subframe occurring prior to the measurement gap in SCG,
-
the UE shall not transmit or receive any data.
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 among the subframes in MCG serving cells.
NOTE 3: 
MGL is the time duration from starting of receiver tuning to the end of receiver retuning, which is aligned between MCG and SCG. The total interruption time on SCG is 7 subframes when the maximum received timing difference between MCG and SCG at the UE is more than 33µs as shown in Figure 8.1.2.1-1.
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Figure 8.1.2.1-1: Configuration of measurement gap on MCG and SCG
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 one or two SCCs is performing measurements on cells on PCC, inter-frequency measurements, or inter-RAT measurements, and interruption occurs on PCell or any activated SCell or both due to measurements performed on cells on an 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.
If the UE supporting E-UTRA dual connectivity when configured with a PSCell is performing measurements on cells on PCC, inter-frequency measurements, or inter-RAT measurements, then the UE shall meet the requirements specified for each measurement in Section 8 and Section 9.
8.1.2.1.1
Monitoring of multiple layers using gaps

When monitoring of multiple inter-frequency E-UTRAN and inter-RAT (UTRAN, GSM) using gaps (or without using gaps provided the UE supports such capability) is configured, the UE shall be capable of performing one measurement of the configured measurement type (RSRP, RSRQ, RSTD, UTRAN TDD P-CCPCH RSCP, UTRAN FDD CPICH measurements, GSM carrier RSSI, etc.) of detected cells on all the layers

The effective total number of frequencies excluding the frequencies of the PCell, SCells and PSCell being monitored is Nfreq, which is defined as:

Nfreq = Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD

where

Nfreq, E-UTRA is the number of E-UTRA carriers being monitored (FDD and TDD)

Nfreq, UTRA is the number of UTRA carriers being monitored (FDD and TDD)

MGSM is an integer which is a function of the number of GSM carriers on which measurements are being performed. MGSM is equal to 0 if no GSM carrier is being monitored. For a MGRP of 40 ms, MGSM is equal to 1 if cells on up to 32 GSM carriers are being measured. For a MGRP of 80 ms, MGSM is equal to ceil(Ncarriers,GSM /20) where Ncarriers,GSM is the number of GSM carriers on which cells are being measured.

Nfreq, cdma2000 is the number of cdma2000 1x carriers being monitored

Nfreq, HRPD is the number of HRPD carriers being monitored

<< End of change in 36.133>>

5 Summary and Conclusion 
The following is proposed in the paper:
Proposal-1: The subframe pairs for MCG and SCG can be defined in a way that the first subframe in the MGL of SCG will be the subframe that starts immediately after the first subframe of MCG has started.

Proposal-2: Accept the CR proposal for TS 36.133 as outlined in Section 4 
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(a) the maximum received timing difference at the UE is up to 33us
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(b) the maximum received timing difference at the UE is more than 33us



