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1. Introduction

The WI on LTE coverage enhancements [1] was approved at RAN#60. While there is a clear consensus on coverage enhancement for LTE FDD systems, improvement of TTI bundling for LTE TDD systems is still under extensive discussion. In LTE TDD eIMTA systems, coverage enhancement using TTI bundling cannot be directly applied as the TDD UL-DL configuration, hence the number of UL subframes dynamically changes with time. This contribution discusses in detail the issue of supporting TTI bundling in eIMTA systems, along with several candidate solutions. 
2. Discussions
LTE coverage enhancement by TTI bundling has been defined for both FDD and TDD systems [3]. Due to the fact that the number of UL subframes varies in different TDD UL-DL configurations, the number of UL HARQ timelines defined for each TDD configuration is different. It can be observed in Table 1 that only TDD configuration 0, 1, and 6, where there are more than three UL subframes, support TTI bundling. 
Table 1: Number of synchronous UL HARQ processes for TDD

	TDD UL/DL configuration
	Number of HARQ processes for normal HARQ operation
	Number of HARQ processes for subframe bundling operation

	0
	7
	3

	1
	4
	2

	2
	2
	N/A

	3
	3
	N/A

	4
	2
	N/A

	5
	1
	N/A

	6
	6
	3


In LTE TDD eIMTA systems, since the TDD UL-DL configuration, hence the number of UL subframes can be dynamically changed, the technique of TTI bundling cannot be directly applied to eIMTA UEs. Also, for legacy UEs following SIB1, TTI bundling also cannot be applied since some of the UL subframes might get dynamically changed for eIMTA UEs to perform DL transmissions. It has been agreed to use explicit L1 layer signalling of reconfiguration by UL-group-common (e)PDCCH [4]. A reconfiguration period as short as 10 ms can be theoretically achieved. Such a high frequency for switching TDD UL-DL configurations renders the use of TTI bundling even more difficult. Therefore, we have the following observation:
Observation 1: TTI bundling for LTE coverage enhancement cannot be directly applied in eIMTA systems to either the legacy UEs or eIMTA UEs due to the frequent change of the TDD UL-DL configurations. 
It can be argued that the problem of supporting TTI bundling is a scheduling issue. In the extreme case, the eNB can just configure TDD configuration 0, 1, or 6 to both legacy and eIMTA UEs and then proceed to apply TTI bundling without dynamically changing the TDD configuration. However, TTI bundling is a UE-specific operation, and therefore a conflict of interest occurs with UEs demanding throughput performance and UEs needing TTI bundling. Sacrificing the achievable throughput performance of an eIMTA cell just to serve a few UEs engaging in VoIP is clearly unreasonable. 

As mentioned above, in eIMTA systems some of the UL subframes for legacy UEs are dynamically changed to DL subframe to serve eIMTA UEs. From the above discussions we can conclude that if fast TDD reconfiguration is enabled, the number of available UL subframes for legacy UEs changes on a frequent scale. As a result, TTI bundling for legacy UEs and the capability of eIMTA for Rel-12 UEs cannot be simultaneously supported. 
For eIMTA UEs, considering the already complex system design and tight Rel-12 timeline, not supporting TTI bundling for eIMTA UEs can also be considered as a temporary solution. Such a solution is further justified by the fact that eIMTA is primarily targeted at small cells, where coverage enhancement is less of an issue. Accordingly, we have the following observation:
Observation 2: Considering the system complexity and tight Rel-12 timeline, not supporting TTI bundling for eIMTA UEs can be a temporary solution.
Alternatively, a dynamic change of the TTI bundling size can be considered for eIMTA systems. This is in line with the current email discussion of LTE coverage enhancement [1][2]. Both enhanced TTI bundling in size or delay, as well as supporting TTI bundling for TDD configurations other than 0, 1, 6 are currently being discussed. Such a discussion brings up the issue of whether to extend the idea of flexible TTI bundling sizes to eIMTA systems. For example, we depict a possible use case of flexible TTI bundling in eIMTA systems, where a TDD configuration change occurs halfway from configuration 1 to 2. The TTI bundle size dynamically changes from four to two in this example. Note the HARQ timing for the TTI bundling is an issue closely parallel the current discussion of UL HARQ timing using reference configuration. Nevertheless, in Fig. 1 the HARQ ACK/NACK for the TTI bundle in configuration 2 follows the 2nd UL subframe defined for configuration 2. We have the following proposal:
Proposal 1: Consider flexible TTI bundling sizes in eIMTA systems for UL coverage enhancement.

[image: image1]
Fig.1. Support of TTI bundling in eIMTA systems using flexible TTI bundling sizes.
3. Conclusions
In this contribution, we have discussed and analysed the issue of coverage enhancement in LTE TDD eIMTA systems. we have the following observations and proposals: 
Observation 1: TTI bundling for LTE coverage enhancement cannot be directly applied in eIMTA systems to either the legacy UEs or eIMTA UEs due to the frequent change of the TDD UL-DL configurations. 

Observation 2: Considering the system complexity and tight Rel-12 timeline, not supporting TTI bundling for eIMTA UEs can be a temporary solution.

Proposal 1: Consider flexible TTI bundling sizes in eIMTA systems for UL coverage enhancement.
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