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1. Introduction
In the last RAN4 meeting, documents [1][2][3] discussed the UE behaviour after measurement gap. Agreement has reached as following:
Agreement

· From Release 8 to Release 11
· The current TDD UE behaviour in the uplink subframe occurring immediately after the measurement gap in TS36.133 is no need to be changed.
For Rel-12, the UE behavior after measurement gap needs further study. This document discusses this issue and provides some proposals.
2. Discussion
From above agreement, the UE behaviour after measurement gap need not to be changed up to Rel-11. The factors impact this issue in Rel-12 need to be discussed. The impact factors need studied are the features supported in Rel-12, namely: multi-TAGs and different UL/DL subframe configuration between TDD CA carriers.

For different UL/DL subframe configuration between TDD CA carriers, there are four combination of subframe direction on two TDD carriers before or after measurement gap, i.e. DL/DL, DL/UL, UL/DL, and UL/UL.
Considering the case of inter band CA in single integration chip, the frequency change of any carrier receiver may impact other carrier receiver. When the UE does inter frequency measurement, it shall not receive any date on any of the CA carriers. So it is suggested that the following current definition is still applied in Rel-12.
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.

When UE works in multi TAG case, the DL subframe after measurement gap may not received correctly. For example as in figure 1 (TAPCC < TASCC), the measurement gap starts at the end of the SCC DL subframe before measurement gap. When the UE retune receiver working frequency in the end of measurement gap, the DL subframe of PCC after measurement gap will be damaged.
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Figure 1. Example 1 of measurement gap case
If ensuring receiving performance of the DL subframe of PCC, the measurement gap will be reduced. The maximum different timing between two TAGs supported by UE is specified as 30.26μs, 0.5% of 6ms measurement gap length.
The damaged DL subframe after measurement gap is related to relative TA value between carriers (or propagation delay between carriers). If TAPCC > TASCC in the case of figure 1, the damaged DL subframe after measurement gap will be the subframe of SCC, and the subframe of PCC can be received correctly.
Base on the above discussion, two issues need be considered for specifying UE behaviour after measurement gap in Rel-12.

1. Whether the reduction of measurement gap length allowed due to multi TAGs?. If it is allowed, the length of measurement gap will be reduced 30.26μs, i.e. changed to 5969.74μs.
2. Whether the relative TA value between CA carriers be considered when specifying the UE behaviour after measurement gap? If considered, the subframe of a carrier after measurement gap allowed or not to transmit or receive will be depend on whether the TA value on the carrier is larger or not.
According to how to consider above two factors, there are following options to specify the UE behaviour after measurement gap:
Option 1:
Considering multi TAG impact and relative TA value, the UE behaviour may be specified as following for the subframe occurring immediately after the measurement gap for FDD:
the E-UTRAN FDD UE shall not transmit any data, and shall not receive any data on carrier of smaller TA value.

But for TDD UE, it is more complex because of different subframe direction. For example, in figure 2, the subframe of smaller TA value (PCC) can be received due to the subframe of SCC occurring immediately before the measurement gap is uplink subframe. Different UL/DL subframe configuration and different relative TA value will lead to different UE behaviour. Not all cases are listed here.

[image: image2]
Figure 2. Example 2 of measurement gap case
It is proposed this option not be adopt due to the complexities of behaviour .
Option 2:

Multi TAG impact and relative TA value will not be considered.

For FDD UE, current UE behaviour can be reused. The subframe occurring immediately after the measurement gap shall not transmit any data, but receive is allowed.

For TDD UE, current specification need a bit modification as: The subframe occurring immediately after the measurement gap shall not transmit any data if the subframe on any of the E-UTRAN carrier frequencies of PCell and SCell occurring immediately before the measurement gap is a downlink subframe. It means that DL subframe occurring immediately after the measurement gap can receive, and UL subframe occurring immediately after the measurement gap can transmit also if the subframe on all E-UTRAN carrier frequencies of PCell and SCell occurring immediately before the measurement gap are uplink subframe.
The specification can be modified as following:
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 on any of the E-UTRAN carrier frequencies of PCell and SCell occurring immediately before the measurement gap is a downlink subframe.
This scheme makes in fact measurement gap length be reduced from 6ms to 5969.74μs when multi TAGs. It is not prefer to adopt.
Option 3:

The relative TA value will not be considered, the measurement gap length is not allowed reduced due to multi TAGs. When sing TAG, the option 2 can be adopted. When multi TAGs, the subframe occurring immediately after the measurement gap shall not transmit and receive.
The specification can be modified as following:

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 on any of the E-UTRAN carrier frequencies of PCell and SCell occurring immediately before the measurement gap is a downlink subframe.
In the multi-TAG case, in the subframe occurring immediately after the measurement gap, the E-UTRAN UE shall not transmit and receive any data.
This scheme is simple for specification and UE implementation. However, the drawback is some unnecessary loss for some TDD case comparied to option 4.
Option 4:

For TDD UE, when the subframe on all of the E-UTRAN carrier frequencies of PCell and SCell occurring immediately before the measurement gap are uplink subframe, the UL subframe occurring immediately after the measurement gap cannot transmit, but the DL subframe can receive, as shown in figure 3.
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Figure 3. Example 2 of measurement gap case
The specification can be modified as following:

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 on any of the E-UTRAN carrier frequencies of PCell and SCell occurring immediately before the measurement gap is a downlink subframe.
In the multi-TAG case, in the subframe occurring immediately after the measurement gap,

-
 the E-UTRAN FDD UE shall not transmit and receive any data.

-
 the E-UTRAN TDD UE shall not transmit any data, and shall not receive any data if the subframe on any of the E-UTRAN carrier frequencies of PCell and SCell occurring immediately before the measurement gap is downlink subframe.

This scheme could be an optimized option.
3. Summary
The document discussed UE behaviour after measurement gap for Rel-12 UE, and provided four option for specifying Rel-12 UE behaviour after measurement gap considering multi TAGs and different UL/DL subframe configuration of TDD. Option 3 or 4 can operate well, and option 4 is preferred, i.e. the specification is added following contents:
In the multi-TAG case, in the subframe occurring immediately after the measurement gap,

-
 the E-UTRAN FDD UE shall not transmit and receive any data.

-
 the E-UTRAN TDD UE shall not transmit any data, and shall not receive any data if the subframe on any of the E-UTRAN carrier frequencies of PCell and SCell occurring immediately before the measurement gap is downlink subframe.
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