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1 Introduction

At the RAN#60 plenary meeting, the new WI [1] “LTE Coverage Enhancements” was approved. This Work Item should specify the required changes to improve coverage of the uplink data channel, targeting VoIP and medium data rate PUSCH, taking into account the technical report [2] completed in the study item. 
According to the WID [1], this WI should fulfil the following objectives:
	•
Specify necessary TTI bundling enhancements to improve coverage for medium data rate PUSCH, potentially including at least the following aspect:

o
Allocating more than 3 PRBs per subframe in conjunction with TTI bundling

•
Identify and specify necessary TTI bundling enhancements to improve coverage for uplink VoIP, potentially including at least one of the following aspects:

o
HARQ timing

o
Number of TTIs bundled, including fixed or flexible bundle size

o
Time interleaving of bundled TTIs

o
PUCCH format 3 structure type uplink transmission mode

•
Determine whether TTI bundling should be extended to more TDD UL-DL configurations

•
Specify the necessary L2 protocols to support the identified coverage enhancements

•
Specify applicable UE and eNB core requirements


In this contribution, we will focus on the coverage enhancement for TDD and kick off an initial discussion providing some considerations and proposals. 
2 TTI bundling in current system
According to the current specification [3], the TTI bundling allows repeating the same data in multiple TTIs, which effectively increase the TTI length allowing UE to transmit for a longer time. A single transport block is encoded and transmitted in a set of “consecutive” TTIs (TTI bundling size equal to 4 in current specification). The same HARQ process number is used in each of the bundled TTIs. The bundled TTIs are treated as a single resource where only single grant and a single acknowledgement are required. 
The Fig. 1 illustrates the TTI bundling operation in case of TDD UL-DL configuration#1. The packet is autonomously retransmitted in a bundle with different “Redundancy Version” (RV0/RV1/RV2/RV3).  In Fig.1 the red rectangle represents the specific subframe; the blue rectangle represents the UL subframe and the green rectangle represents the DL subframe. 

As an example, in the first HARQ timing process (expressed by black arrows), RV0 to RV3 are transmitted respectively  in subframe#7 and #8 (within radio frame #n-1) and subframe#2 and #3 (within radio frame #n). After all four transmissions have been received and decoded by the eNB, the HARQ feedback is sent. According to the Table9.1.2-1 defined in [3], corresponding PHICH can be found in subframe#9 (within radio frame #n). Afterwards, reference to the Table 8-2a and Table 8-2 defined in [3], the first PUSCH retransmission (if need) in the bundle should occur in subframe #7 (within the radio frame#n+1). 
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Fig. 1: TTI bundling in current system
3 Potential open issues for enhancing the TTI bundling for TDD

According to the 26.213 [3], TTI bundling size equals to four in TDD and FDD. Therefore, for the TDD system, TTI bundling function is only valid in TDD UL-DL configuration #0, #1 and #6 because only these TDD configuration have more than four UL subframes, as shown in Fig. 2. 
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Fig. 2: TDD UL-DL configuration 

Observation 1: If “TTI bundling size” is still maintained as fixed size “four”, only TDD configuration #0, #1 and #6 can realize the TTI bundling.
During the SI phase the major methods to enhance the UL coverage are RTT reduction and increasing of bundling size. In the case of TDD bundling, increasing the TTI bundling size is difficult and less effective because of the limitation on the number of UL subframe. Therefore, we believe that “flexible bundling size” is a promising alternative. 
“Flexible bundling size” based solution may have two different meanings:
· Multiple kinds of bundling size for the same TDD configuration;
· Different bundling size for different TDD UL-DL configuration.
Regarding the first bullet, it means that eNB can flexibly choose the bundling size according to the UE status to achieve trade-off between the Packet Delay and Packet Error Rate. Such methods can provide more flexibility for different use cases. 
Observation 2: Allowing multiple bundling sizes for one TDD UL-DL configuration can provide more flexibility between “Packet delay” and “error rate”.
On the other hand, coverage enhancement for UL VoIP should be a common requirement for the all TDD UL-DL configurations. “Coverage enhancement” should not be limited by the selection of TDD UL-DL configuration. Otherwise, the coverage of VoIP will decline in many cases. 

In addition, considering the upcoming enhancement to TDD for DL-UL Interference Management and Traffic Adaptation (eIMTA), unified TTI bundling size for different TDD UL-DL configuration may not conducive to the maximization of TDD system performance. 
Observation 3: Allowing different bundling size for different TDD UL-DL configuration is good for fulfilling WI requirements. 
In the end, according to the above analysis, we provide the following proposals:

Proposal 1: Extending TTI bundling to more TDD configurations should be considered.. 

Proposal 2: Flexible bundling size for TDD TTI bundling should be considered. 
4 Conclusion

In this contribution, some open issues of TTI bundling for TDD are discussed. Our observations are summarised as follows:
Observation 1: If “TTI bundling size” is still maintained as fixed size “four”, only TDD configuration #0, #1 and #6 can realize the TTI bundling.
Observation 2: Allowing multiple bundling sizes for one TDD UL-DL configuration can provide more flexibility between “Packet delay” and “error rate”.
Observation 3: Allowing different bundling size for different TDD UL-DL configuration is good for fulfilling WI requirements.
At the end, the following proposals are presented:
Proposal 1: Extending TTI bundling to more TDD configurations should be considered.
Proposal 2: Flexible bundling size for TDD TTI bundling should be considered.
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