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1 Introduction
The TDD UE behaviour after measurement gap(MGP) has discussed for couple of RAN4 meeting cycles, and in last RAN4 meeting the consensus in chairman notes is:

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.
However for R12 the consensus wasn’t reached so far. Since from R12 some new features are introduced, the conclusion may be different from R11. In this contribution we analyze the UE behavior after measurement gap, with respect to the cases of multiple TAG or different UL/DL configuration in CA. 
2 Discussion
In this section, we provided the analysis on the minimum available measurement time within gap and then we study the TDD UE behaviour under some R12 scenarios.
2.1  Minimum measurement time requirement within gap
In TS36.211 definition, the PSS and SSS were separated by additional 2 OFDM symbols in time domain for LTE TDD. Thus, in order to guarantee that an unsynchronized inter-frequency cell can be detected regardless of its relative timing to the serving cell and to guarantee that symbols containing PSS and SSS are both available in the same measurement period to facilitate cell detection, the required measurement time in LTE TDD is 5ms+0.29ms (4 OFDM symbols). 
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Figure 1. Time for acquiring PSS and SSS
Considered that an allowance equal to at least 0.5 ms is required in addition to re-tune and settle to the inter-frequency carrier and back to the serving carrier, the minimum measurement time is 5.29ms+0.5ms (=5.79ms) within gap for TDD inter-frequency and inter-RAT measurement.
2.2  UE behaviour after MGP in single carrier case in R12

For single carrier case in R12, the UE behaviour after MGP can be same as R11 and before.
2.3  UE behaviour after MGP in multi-TAG case
Since the multiple TAG case is introduced in R12, the transmission timing of two component carriers may be different if they belong to different TAGs. The measurement gap may have overlap with normal subframe. In order for understanding, we pick a TDD UL/DL configuration 0 case as an example, and choose measurement gap from SF#3 to SF#8 (the uplink subframes occurs immediately after/before gap). 
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Figure 2. TDD UL/DL configuration 0 subframe on one component carrier
In figure2, we can find that the measurement gap seen from UE is 6ms. The multiple TAG case can be shown as figure 3,
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Figure 3. Multiple TAG case for TDD UL/DL configuration 0
The definition of starting point of gap is:

A measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap.
As shown in figure 3, since the Tx timing of CC2 is not synchronized with CC1, the tail of 6ms gap of CC2 has a overlap with UL subframe #9 on CC1. On the other hand, gap is considered as a per-UE behaviour,

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.

UE will not transmit any data from the starting point of gap in figure 3 to the end of 6ms duration, that is, the part of UL subrame #9 cannot be used for data transmission.  
On the other hand, in the multiple TAG case, also downlink subframe immediately after measurement gap on certain component carrier may overlap with measurement gap, as example illustrated in figure 4.
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Figure 4. Multiple TAG case for downlink
However, the timing difference between TAGs is close to 30s level regardless of UL or DL, which cannot be more than 100s, that is, even cut off this overlap area from MGP length, the available measurement time within cut-off MGP can still be guaranteed to be more than 5.79ms for inter-frequency or inter-RAT measurement. If the definition of end point of gap can be defined as well, the subframe immediately after MGP can survive to be used. For example, the definition of end point of MGP could be as,
A measurement gap ends at the head of the latest subframe occurring immediately after the measurement gap.
So there may be two options to deal with this case,

Option1: If UE is using multiple TAG, it shall not transmit or receive any data in the subframe occurring immediately after the measurement gap.
Option2: Only if end point of MGP can be defined as: ‘a measurement gap ends at the head of the earliest subframe occurring immediately after the measurement gap’, UE can transmit or receive data in the subframe occurring immediately after the measurement gap
As option 1 may harm network capacity and user experience, we prefer option 2.
2.4  Different TDD UL/DL configuration in CA

If different UL/DL configuration is adopted in component carriers, it may raise some new issues. In the current TS36.133, the UE behaviour is defined as,
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.
· Example 1: If two TDD component carriers are as below (config.0 on CC#1, config.3 on CC#2),
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Figure 5.  different TDD configuration example 1
Looking at CC#1 in the figure 5, the measurement gap seen from UE side is not 6ms but 6ms-RTT ms. The maximum value of RTT is equal to the length of GP, i.e. 10 OFDM (normal CP) symbols (0.714ms) according to the TDD subframe configurations in TS36.211. Herein, the practical measurement gap seen from UE side is 6ms – 0.714ms = 5.286ms, which is not satisfied with the minimum measurement time requirement (5.79ms) analyzed above.
So UL#7 in CC#1 cannot be used for UL transmission any more, and from eNB side actually in this case eNB will reserve 7ms MGP. Since MGP is considered as a per-UE behaviour, the DL#7 on CC#2 will also be discarded. 
· Example 2: If two TDD component carriers are as below (config.3 on CC#1, config.4 on CC#2)
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Figure 6. different TDD configuration example 2
Looking at CC#1 and CC#2 in the figure 6, the measurement gap seen from UE side is 6ms. The DL#7 on CC#1 and DL#7 on CC#2 can be used for receiving data.
From comparison between example 1 and 2, it can be concluded that,

If on any component carrier the subframe occurring immediately before the MGP is DL and the subframe occurring immediately after this MGP is UL, the E-UTRAN TDD UE shall not transmit or receive any data in the subframe occurring immediately after this MGP on any component carrier.
· Example 3: If two TDD component carriers are as below (config.0 on CC#1, config.3 on CC#2).
If the subframe occurring immediately before the measurement gap is an uplink subframe on one component carrier, the example can be illustrated as,
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Figure 7.  different TDD configuration example 3
Looking at CC#2 in the figure 6, the measurement gap seen from UE side is not 6ms but 6ms+RTT ms. If we define MGP ends at the head of the latest subframe occurring immediately after the measurement gap, the real MGP is aligned with 6ms as seen from CC#1. The UL#8 on CC#1 and DL#8 on CC#2 can still be used for transmit and receiving data. Furthermore, this MGP definition can avoid the data traffic loss on both UL and DL to maintain network capacity.
· Summary of examples:

There are lots of combinations of TDD UL/DL configuration on different component carriers, however we can summarize them all into two categories as shown in above example 1, 2 and 3.

Category 1: If on any component carrier the subframe occurring immediately before the MGP is DL and the subframe occurring immediately after this MGP is UL, the E-UTRAN TDD UE shall not transmit or receive any data in the subframe occurring immediately after this MGP on any component carrier.
Category 2: Otherwise the E-UTRAN TDD UE can transmit or receive data in the subframe occurring immediately after this MGP on any component carrier. 
3 Proposals
Based on the analysis above, two proposals can be achieved,

Proposal 1: The definition of MGP needs to be clarified further as: a measurement gap ends at the head of the earliest subframe occurring immediately after the measurement gap.

Proposal 2: Only if on any carrier the subframe occurring immediately before the MGP is DL and the subframe occurring immediately after this MGP is UL, the E-UTRAN TDD UE shall not transmit or receive any data in the subframe occurring immediately after this MGP on any carrier.
And a corresponding CR is provided in this meeting [1].
4 Conclusion
In this contribution, we further analyze the issue on UE behaviour after measurement gap, and a corresponding CR is provided in this meeting. The proposals are drawn as,
Proposal 1: The definition of MGP needs to be clarified further as: a measurement gap ends at the head of the earliest subframe occurring immediately after the measurement gap.

Proposal 2: Only if on any carrier the subframe occurring immediately before the MGP is DL and the subframe occurring immediately after this MGP is UL, the E-UTRAN TDD UE shall not transmit or receive any data in the subframe occurring immediately after this MGP on any carrier.
Reference

[1] R4-135102, Clarification on UE behaviour after measurement gap for R12, Huawei, HiSilicon
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