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1 Introduction

The studies on LTE coverage enhancements focus on TTI bundling enhancements for UL VoIP and medium data rate PUSCH as summarized in [1]. Following the agreements at RAN #60, the WI phase starts with an email discussion aiming for down selection of the candidate schemes. In this contribution, we share our views on the TTI bundling enhancements for UL VoIP.
2 Discussion
TTI bundling was introduced in LTE Rel-8 targeting coverage enhancements and control signal limitations, mainly for VoIP. In [1], a number of enhanced TTI bundling schemes were proposed and evaluated targeting further coverage improvement of VoIP. Different from the 80ms latency budget which was assumed during the Rel-8 time frame, it was agreed to use 50ms in the study. It was observed that with the given latency budget, the current TTI bundling scheme can only utilize up to 12 TTIs for one VoIP packet. Different proposals are considered aiming to improve the time resource utilization so that more TTIs can be utilized for one voice packet within the delay budget, which results in larger energy accumulation per information bit. 
Among the candidate solutions, we prefer to schemes that provide decent coverage enhancement and at the same time has low standardization impact, network impact and implementation complexity. As also indicated on the RAN1 email reflector, we proposed to down select from the following schemes.

2.1 Reduce round trip time

One solution to improve TTI bundling is to reduce the round-trip time of the HARQ processes from 16ms to 12ms. This option provides better coverage performance compared to Rel-8 TTI bundling scheme given a latency budget of 52ms. The standardization impact is expected to be limited with updated HARQ timing and new number of HARQ processes. New configuration signaling would be needed in RAN2. The reduced round-trip time may however have an impact on scheduler implementations which now needs to handle multiple different RTTs for different users. This scheme could also allow for more than 20 TTI transmissions but not while keeping the time delay budget.  
2.2 Extended bundle size

An alternative to utilize more TTIs in shorter time is to bundle more TTIs per transmission attempt. Different number of extended bundle sizes has been proposed including 5ms, 8ms, 10ms and 20ms together with different HARQ RTTs. Among these options, 8ms has the least network impact since the HARQ RTT could be kept with less HARQ processes. Compared to the reduced HARQ round trip time, this option offers less flexibility but with lower signaling overhead. The standard impact is very similar with the addition that one additional bundle size needs to be defined in the MAC specification. The drawback of this option is that the resource consumption will increase since the minimum resource consumption is 8 TTIs even when UE does not need them all. For the extreme cell edge that may be ok, but it reduces the SINR range for when the system would like to use it. Since RRC configuration is needed it may result in the feature not being configured until the UE losses coverage or to larger resource waste.
2.3 Flexible bundle size

One alternative to using extended bundle size for all transmissions is to only do it for a subset of the transmissions. The benefit with the variable bundle size is that it regains some of the complexity lost in the extended bundling option. It is also possible to utilize 20 TTIs, and even more, within the latency budget. The main drawback is the somewhat extended standardization and product complexity. Different options could be considered for how to signal he bundle size, it could be connected to if the transmission is triggered by uplink grant or a non-adaptive retransmission, it could otherwise be connected to the redundancy version indicated in the grant, or to the RNTI carrying the grant, such as SPS C-RNTI or regular C-RNTI. Also this scheme would have a resource consumption increase from lower HARQ granularity in the order of 10%. In this case it will not necessarily increase at higher SINR. Standardization impact would still be limited in RAN1 but with larger implications in RAN2. Moreover, this may bring larger complexity to UE implementation. 
Proposal: Select from the scheme of reducing the round trip time to 12ms and the scheme of using flexible bundle size.

Observation: The scheme of reducing the round trip time to 12ms has the least standard impact capturing most of the performance benefits, but the flexible bundle size is likely to provide the best coverage gain with larger standardization impact and implementation complexity.
3 Conclusion

In this contribution we discussed the TTI bundling enhancements for UL VoIP. Based on the discussion, we have the following observation and proposals:
Proposal: Select from the scheme of reducing the round trip time to 12ms and the scheme of using flexible bundle size.

Observation: The scheme of reducing the round trip time to 12ms has the least standard impact capturing most of the performance benefits, but the flexible bundle size is likely to provide the best coverage gain with larger standardization impact and implementation complexity.
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