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1. Introduction
The new work item LTE coverage enhancements was approved in [1] in RAN#60 following the completion of the study item. One of the main objectives is to identify and specify necessary TTI bundling enhancements to improve coverage for uplink VoIP. In this contribution, we analyze the candidate solutions for UL VoIP coverage improvment for FDD and TDD. 
2. Discussion
According to the investigation during the SI phase, candidate solutions for TTI bundling enhancements can be categorized as follows.

· Reduction of RTT
· Increase of bundling size

· Time interleaving of bundled TTIs
· PUCCH format 3 structure

Reduction of RTT
Reduced round trip time can bring benefits for more energy accumulation for VoIP within given delay budget. Reduction of RTT to 12ms proposed in [2] seems to be a good choice for FDD as illustrated below.
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Figure 1: TTI bundling with 12ms HARQ RTT
The solution could allow maximum 20 TTI transmission for a voice packet within 52ms. The performance of this solution is good compared to other solutions. Specification impacts include introducing new HARQ timing and number of HARQ processes. This solution may increase the complexity of the scheduler since the scheduler needs to handle different RTTs for different users. However, this problem also exists in most of the other candidate solutions.
For TDD, it is not feasible to define a common reduced RTT for different UL-DL configurations due to different numbers of uplink subframes in a radio frame. It is not suggested to apply reduction of RTT for TDD to avoid more complicated HARQ timing for TDD.
Proposal 1: Reduction of RTT to 12ms is a preferred solution for FDD in terms of performance and specification impact given that 52ms delay is acceptable.

Increase of bundling size
Increase of bundling size was extensively investigated during the study item phase. Both fixed and flexible bundling size were proposed. 
Comparing fixed and flexible bundling sizes, the latter option will cause larger specification impact in both physical layer and MAC layer. The scheduler of flexible bundling size may be even more complicated if the scheduler needs to decide the bundling size each time. From the performance perspective, it is not expected that the flexible bundling size can provide notable performance gain compared to fixed bundling size. Hence, it is preferred that the bundling size is fixed.

Proposal 2: The bundling size is preferred to be fixed.

Candidate bundling sizes include 20, 10, 8 and 5 TTIs. The performance of 20 TTIs bundling is the worst among all the options due to lack of time diversity gain. Increase of bundling size to 8 TTIs together with change of SPS interval to 24ms could allow maximum 24 TTI transmission for a voice packet within given delay budget. However, given that the voice packets arrive every 20ms, some voice packets can only use 16 TTIs instead of 24 TTIs. In addition, SPS interval longer than VoIP packet arrival interval would cause packet accumulation. Therefore, TTI bundling size of 10 and 5 TTIs are preferred for FDD.
Proposal 3: TTI bundling size of 10 and 5 TTIs are preferred for FDD.

Considering that the number of uplink subframes is different for different TDD UL-DL configurations, it is desirable that the bundling size for different TDD UL-DL configurations can be different to fully utilize the uplink resources. We propose that the TTI bundling size is equal to the number of uplink subframes within one radio frame. The round trip time is 30ms to allow TTI bundling used in conjunction with semi-persistent scheduling. An example of TTI bundling enhancement for TDD UL-DL configuration 0 is illustrated in Figure 2.
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Figure 2: TTI bundling enhancement example for TDD UL-DL configuration 0
This TTI bundling scheme utilizes the uplink resources more efficiently so that the uplink VoIP coverage can be improved. In addition, the scheduling overhead can be significantly reduced since semi-persistent scheduling can be used together with TTI bundling for VoIP scheduling.
Proposal 4: TTI bundling size for TDD is equal to the number of uplink subframes within one radio frame. The round trip time is 30ms.
Time interleaving of bundled TTIs

TTI bundling size of 20 TTIs with time interleaving was proposed. The time diversity gain is expected to be better than bundling size of 20 TTIs without time interleaving. But it is expected that the performance is still not good enough.
Based on proposal 4, it is for further study whether performance can be improved with time interleaving.

Proposal 5: Time interleaving can be considered if performance gain can be observed.

PUCCH format 3 structure

Release 10 PUCCH format 3 structure was proposed as a candidate solution for UL VoIP coverage improvement. However, this solution was not evaluated in the study item phase. It is proposed to further evaluate the potential gains.
Proposal 6: Further evaluate the performance gains of PUCCH format 3 structure.
3. Conclusion
For UL VoIP coverage improvement, we propose to focus on reduction of RTT to 12ms and increase of TTI bundling size to 10 and 5 TTIs for FDD. For TDD, we propose that the bundling size is equal to the number of uplink subframes within one radio frame and the round trip time is 30ms. Time interleaving and PUCCH format 3 structure can be considered if performance gain is observed.
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