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1
Introduction
In [1], the interaction between TTI bundling and measurement gaps was discussed for FDD. Two cases of HARQ feedback timing were discussed when (shown on Figure 1 below):

-
Case1: ACK/NAK is taking place at normal location (in terms of the last sub-frame in a bundle)

-
Case2: ACK/NAK is taking place at the location corresponding to the latest actual transmissions. 
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Figure 1: Example for feedback timing when 
TTI bundling collides with measurement gap in FDD
The conclusions of [1] were: 
1) Same performance for the “actual last transmission” or the “conventional last transmission (which may not have taken place)”, so either way is feasible for FDD; 
2) To allocate unused resources to other users and make ACK/NAK related to somebody else, the general principle should be that when a UL RB is not used by a UE (e.g. due to measurement gap), then the UE should also not interpret the corresponding DL ACK/NAK signalling. 

This document analyzes the problem from a TDD angle.

2
Discussion
Measurement gap pattern is configured when UE requires identifying and measuring inter-frequency and/or inter-RAT cells. The measurement gap is characterized by the gap length (6ms) and the gap period (40ms or 120ms). It was agreed that UE can not transmit and receive any data in serving carrier frequency during a measurement gap [2]. So actually, it means UE cannot make any uplink data transmission and also can not receive the uplink grant and ACK/NAK feedback during a measurement gap.

The HARQ feedback timing for TTI bundling is defined as "The UE expects feedback only for the last transmission of a bundle" in [36.321]. However, the definition of "the last transmission" is not clear when a collision with a measurement gap occurs. One interpretation is that the last transmission corresponds to the "conventional last transmission" in a bundle (Case 1), whether it has been transmitted or not; another interpretation is that this last transmission corresponds to the "actual last transmission" in a bundle (Case 2). Assuming the same permanent bundling as in FDD [4], let us have a look at the 3 subframes configuration for TDD.
2.1
TDD Configuration 0
For TDD configuration 0, there are 3 bundling configuration possible and therefore 3 cases to consider. The colours used in the figures are as a follows:

-
Measurement gaps are depicted in blue; 
-
ACK/NAK (in response to the 1st bundled transmission), which can be received because they fall outside of the measurement window are depicted in yellow;

-
ACK/NAK (in response to the 1st bundled transmission), which cannot be received because they collide with the measurement window are depicted in red;

-
When Case 1 and Case 2 overlaps, purple is used.

Let us take situation 1 for example: when the last two sub-frames in bundled HARQ process 1 are covered by measurement gap, the location of ACK/NAK corresponding to the conventional last subframe in a bundle is in subframe 10; and the location of ACK/NAK corresponding to the actual last subframe in a bundle is in subframe 9; so both locations are not covered by the gap. But for the other cases, the ACK/NAK that corresponds to the actual last subframe is all covered by the measurement gap and cannot be received. So obviously, Case 1 is better than Case 2 in terms of ACK/NACK that can be received.
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Figure 2 Analysis for TDD configuration 0

Two special cases need to be discussed as well. One is all transmissions in a bundle are covered by the gap. In this case, UE may be configured that it does not need to interpret any corresponding ACK/NAK – this is discussed in more details in 2.4 below. Another one is that no uplink transmission is covered by the gap but ACK/NAK is covered by the gap, for which we propose to stick to the current agreement that this feedback is considered as ACK [3].
2.2
TDD Configuration 1
The similar analysis process for TDD configuration 1:
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Figure 3 Analysis for TDD configuration 1

There is only one situation for TDD configuration 1. We could see from the figure that with case 1, the possibility of receiving the ACK/NACK is much higher than with case 2.
2.3
TDD Configuration 6
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Figure 4 Analysis for TDD configuration 6
There are 5 situations for TDD configuration 6. And from figures we could see that in all situations, using case 1 gives a higher possibility to receive ACK/NACK than with case 2.
From the analysis above, we can clearly see that Case 1 gives the UE a lot more opportunities to read an HARQ feedback than Case 2.

Proposal : when TTI bundling is used, the timing of the HARQ feedback always relate to the last TTI of the bundle, regardless of whether a transmission took place or not.
2.4
Resource Reuse

Although proposal 1 ensures that the DL ACK/NAK can be often received when a measurement gap occurs, it does not easily allow the reallocation of unused RBs to other UEs (as the ACK/NAK timing is tied to UL transmissions). There is however one case where this is possible: when the whole bundle is lost due to the occurrence of a measurement gap, there is no HARQ feedback to read and the resources can be freely allocated to UE(s). This aspect is already covered by RAN1 and RAN2 specifications.
In addition, whenever an UL RB other than the last one of a bundle is unused by a UE, it can be freely reused by the scheduler for another UE as the HARQ feedback will not suffer from a possible collision or misinterpretation. This is an eNB implementation issue that does not need to be specified.
3
Conclusion
The HARQ feedback when a measurement gap collides with a bundled transmission in TDD was discussed. To give as many possibilities as possible for the UE to read the HARQ feedback, one proposal was made:
Proposal: when TTI bundling is used, the timing of the HARQ feedback always relate to the last TTI of the bundle, regardless of whether a transmission took place in that last TTI or not.
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