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1 Introduction

Measurement gap is configured per UE in the current specification. Due to independent scheduler in MeNB and in SeNB, it may be sub-optimal. Following relevant contributions have been submitted in RAN2#85bis

· R2-141236, R2-141558 propose ‘Per-UE measurement gap’

· R2-141400 proposes to apply the measurement gap only to MCG
· R2-141599 proposes ‘per-CG measurement gap’  
Considering limited number of meetings remaining until the completion of the WI, using the current per-UE measurement concept would be the only possible choice. This contribution discusses how ‘per-UE measurement gap’ can be captured in the current specification. 
2 Discussion
Measurement gap in single connectivity: Current Status
Measurement gap is specified in 36.133 and 36.331. UE behaviour can be summarized as below and more details are in the Annex.

· Step 1 As specified in 36.331, UE determines the first subframe of MG based on the SFN/subframe number
SFN mod T = FLOOR(gapOffset/10);

subframe = gapOffset mod 10;
· Step 2 As specified in 36.133, UE determines the point of time when the measurement gap starts. It is at the end of the subframe immediately before the first subframe which comes last among the such subframes 

A measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap.
· Step 3 UE determines the time domain measurement gap
· Step 4 UE determines each serving cell’s subframes overlapping with the measurement gap. UE may consider that downlink reception and uplink transmission are not allowed in such subframes
Note that step 3 and step 4 are not required in non-CA. Those steps are not explicitly specified for CA case neither in the specification but in our understanding kind of commonly accepted UE behaviour. 
Per-UE measurement gap in dual connectivity
Implanting the current UE behavior directly to the dual connectivity brings two issues.

Issue 1: which cell’s SFN and subframe numbers between PCell’s and of PSCell’s are used to determines the first subframe

Issue 2: from which serving cells ‘the end of the latest subframe’ is determined

On the first question, it is more logical to base it on PCell. Otherwise, UE should switch between PCell SFN and PSCell SFN upon dual connectivity establishment/release without any clear motivation.
Proposal 1: UE uses PCell’s SFN and subframe number to determine the first subframe of the measurement gap

On the second question, one can consider three alternatives.

· Option 1: Only based on MCG serving cells

· Option 2: Only based on SCG serving cells

· Option 3: Based on all the serving cells

Option 3 may be most consistent with the current operation, but because of the SFN difference between MCG and SCG, specifying this behavior may be a bit difficult. There would be no motivation for option 2. Option 1 seems simple enough and acceptable.
Proposal 2: UE determines the starting point of the measurement gap based on the subframe boundaries of the MCG serving cells.

Regarding step 4, the number of subframes affected by the measurement gap would be different case by case (i.e. it could be 6 subframes if the subframes of both CGs are aligned in a specific way; it could be 8 subframes in TDD if the special subframe is included and TA is larger than the difference on the propagation delays; it would be 7 subframes otherwise). It would be time consuming to discuss each case explicitly. We believe it would be enough to confirm the common understanding in the meeting.

Proposal 3: To confirm that UE determine each serving cell’s subframes overlapping with the time-domain measurement gap. UE may consider downlink reception and uplink transmission not allowed in such subframes.
The UE behavior would be as below and as shown in the figure 1 for example..
· Step 1`: UE determines the subframe number of the first subframe based on the SFN/subframe number of PCell

· Step 2`: UE determines the point of time when the measurement gap starts. It is at the end of the subframe immediately before the first subframe which comes last among the such subframes of MCG serving cells

· Step 3 to determine the time domain measurement gap
· Step 4 to determine each serving cell’s subframes overlapping with the measurement gap. UE may consider that downlink reception and uplink transmission are not allowed in such subframes
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Figure 1

3 Conclusion
Followings are proposed;

Proposal 1: UE uses PCell’s SFN and subframe number to determine the first subframe of the measurement gap
Proposal 2: UE determines the starting point of the measurement gap based on the subframe boundaries of the MCG serving cells. 
Proposal 3: To confirm that UE determine each serving cell’s subframes overlapping with the time-domain measurement gap. UE considers that downlink reception and uplink transmission are not allowed in such subframes.
<Table 2>
	5.5.2.9
Measurement gap configuration

The UE shall:

1>
if measGapConfig is set to setup:
2>
if a measurement gap configuration is already setup, release the measurement gap configuration;

2>
setup the measurement gap configuration indicated by the measGapConfig in accordance with the received gapOffset, i.e., the first subframe of each gap occurs at an SFN and subframe meeting the following condition: In the following equation, PCell’s SFN and PCell’s subframe number are used.
SFN mod T = FLOOR(gapOffset/10);

subframe = gapOffset mod 10;

with T = MGRP/10 as defined in TS 36.133 [16];

1>
else:

2>
release the measurement gap configuration;


<Table 3>
	8.1.2.1
UE measurement capability

…
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 MCG serving cells subframes.



Draft LS to RAN4 is presented in R2-143122.
Annex. Measurement gap in single connectivity: Current status
Measurement gap is specified in 36.133 and 36.331 as below

<Table A1>
	5.5.2.9
Measurement gap configuration

The UE shall:

1>
if measGapConfig is set to setup:
2>
if a measurement gap configuration is already setup, release the measurement gap configuration;

2>
setup the measurement gap configuration indicated by the measGapConfig in accordance with the received gapOffset, i.e., the first subframe of each gap occurs at an SFN and subframe meeting the following condition:

SFN mod T = FLOOR(gapOffset/10);

subframe = gapOffset mod 10;

with T = MGRP/10 as defined in TS 36.133 [16];

1>
else:

2>
release the measurement gap configuration;


<Table A2>

	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.

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.



From the highlighted text with yellow, green and blue, one can see that measurement gap may start and end unaligned with the subframe boundary. It does not matter because the affected subframes are known to ENB and would anyway not be scheduled by ENB.
The green text indicates that the length of the measurement gap is 6 ms.

The yellow text and blue text indicate that the measurement gap may start before the first subframe of the measurement gap. It is especially for TDD where subframe [n-1] and subframe [n] may not be adjacent as shown in figure 1.
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Fig A1
Except such case the end of subframe occurring immediately before the measurement gap and the beginning of the first subframe of the measurement gap are same (i.e. measurement gap starts at the beginning of the first subframe) .

The blue text is also clarifying that the measurement gap starts based on the subframe coming latest when multiple serving cells are configured. Hence the measurement gap affects the 6 subframes or 7 subframs depending on at which serving cell’s subframe boundary the measurement gap starts, as shown in figure 2.
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Fig A2
Based on above, one can understand the current UE behavior with following steps.
· Step 1 to determine the subframe number of the first subframe based on the SFN/subframe number
· Step 2 to determine the point of time when the measurement gap starts. It is at the end of the subframe immediately before the first subframe which comes last among the such subframes
· Step 3 to determine the time domain measurement gap
· Step 4 to determine each serving cell’s subframes overlapping with the measurement gap. UE may consider that downlink reception and uplink transmission are not allowed in such subframes
Even though the current specification does not specify all the details, we believe they are the intended UE behaviour.
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