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1 Introduction
In the meeting RAN1#68bis, evaluation of potential coverage enhancement solution for VoIP and medium rate PUSCH were provided and drew a conclusion that the coverage of medium data rate PUSCH and UL VoIP can potentially be improved by approximately 1 dB by TTI bundling enhancements[1]. Next steps until RAN1#69 were also proposed to further investigate the details of TTI bundling enhancements for UL VoIP and medium data rate PUSCH, and the investigation should at least consider:
· Standard impact

· Analysis of network impacts, e.g. VoIP capacity, identification of the scenarios in which the enhancements are useful (system level simulations are not mandatory),

· Latency:

· Max around 50 ms for VoIP 

· For medium data rate, proponents should provide latency target assumption or statistics for their simulations

In this document, we discuss the details of potential enhancements for UL VoIP and medium data rate PUSCH and focus on standard impact.
2 Discussion 
Generally speaking, there are two scenarios to enhance TTI bundling: UL VoIP and medium data rate. Different methods are suitable for different scenarios; hence methods to enhance TTI bundling are classified by traffic model in the initial discussion. However, it does not mean these methods could only be used for one traffic model.
2.1 Methods to enhance TTI bundling for UL VoIP
The traffic model of VoIP has some characteristics. These characteristic imply some strict constraints on TTI bundling enhancements:

· The VoIP packet arriving rate restricts the maximum number of TTIs for one VoIP packet. The VoIP packet arriving rate is assumed as 20ms and hence the maximum number of TTIs for one VoIP is up to 20.
· The constraint on the air-interface latency impacts on the maximum number of HARQ retransmission. Max around 50ms for VoIP latency was proposed in RAN1#68bis [1].it is noted that this is not strict and a slight relaxation is allowed.
Methods to enhance TTI bundling for VoIP may broadly be classified into 3 categories and discussed in details in the following.
Reduced retransmission period

TTI bundling retransmission delay could be reduced from 16 subframes to 12 subframes or even less subframes. Shorter retransmission delay provides more retransmission chances and it means more energy could be received. Taking an example of 12 subframes, 4TTIs could be transmitted by up to 5 times and total 20 TTIs are able to be used, which means 100% subframe utilization can be achieved. For even shorter retransmission delay, it may require faster processing at eNB and UE, however maximum of subframes assignable to one VoIP packet is still 20, being the same as that of 12 subframes of retransmission delay. Hence, retransmission delay of 12 subframes is a good choice for this method if this method is acceptable.

However, reduced retransmission period is not compatible to legacy HARQ timing, containing HARQ timing with TTI bundling and w/o TTI bundling, which will lead resource collision or unused resource.
· Specification impact
· New HARQ timing with TTI bundling needs to be introduced.
· Problem from resource collision between new HARQ timing with TTI bundling and legacy HARQ timing, containing with TTI bundling and w/o TTI bundling, needs to be resolved.

Extended TTI bundling size

Three schemes of extended TTI bundling size have been discussed so far [2]:

· 20 TTIs

According to discussion on VoIP traffic model, maximum number of TTIs for one VoIP is up to 20; hence  TTI bundling size of 20 is a direct design. Two implements has been discussed, contiguous allocation and interleaved allocation. The former is characterized by the minimum latency but experience performance loss due to lack of time diversity. The latter has better time diversity but increases latency. Though these two implementations have their own advantages but they have some in common. First of all, this TTI bundling size is too robust for some of UEs; hence intermediate TTI bundling size is also necessary for system. How to decide and indicate TTI bundling size and how to resolve resource collision between schemes of different TTI bundling sizes should be investigated. Secondly, this bundling size achieves the maximum of TTIs assignable for one VoIP packet and retransmission could not be supported. In the other word, for this scheme, maximum of HARQ transmission is 1.

· Specification impact
· New TTI bundling size is introduced , including size and HARQ timing;

· How to configure TTI bundling size and how to resolve resource collision between schemes of different TTI bundling sizes should be investigated.
· Legacy TTI bundling size may be a better choice for fallback TTI bundling size.
· 10 TTIs

In order to achieve maximum of TTIs, two HARQ retransmissions for 10 of TTI bundling size are needed. [2] Provides a HARQ timing scheme, which aligns the HARQ retransmission time with the VoIP packet arriving rate and meets VoIP timing constraints. However, compatibility is also a problem.
· Specification impact
· New TTI bundling size is introduced, including size and HARQ timing;

· Problem from resource collision between new HARQ timing with TTI bundling and legacy HARQ timing, including schemes with and w/o TTI bundling, needs to be resolved.
· 8 TTIs

Regardless of segmentation, TTI bundling size of 8 just reduces latency compared to the legacy TTI bundling size. Certainly, it also has little impact on specification impact. If TTI bundling and segmentation is combined to enhance uplink coverage, TTI bundling size of 8 could reduce L1/L2 overhead and improve uplink transmission, which has been proved in [3].
· Specification impact
· Little impact on Specification, except for new TTI bundling size.
CDM-based PUSCH format
One example for this method is the use of a PUCCH format 3 like channelization scheme on PUSCH allocation [4]. And it is also possible to consider using a PUCCH format 3 like transmission format using only 1 RS per timeslot. In this case, OCC length for data symbol increases to 6 to improve data transmission further. This method benefits from more favorable operating SNR  theoretically and provides the possibility of multiplexing gain in system level. To enhance receive energy, CDM-based PUSCH format is usually applied on top of TTI bundling. Hence, spreading on subframe level could also be considered.
· Specification impact
· New PUSCH format is introduced.

· In case of PUCCH format 3 like transmission format, new channel coding and symbol mapping scheme is introduced for PUSCH, which is already used for PUCCH.

· In case of spreading on subframe level, spreading process is added after symbol mapping.
2.2 Methods to enhance TTI bundling for medium data rate

Extend the number of assignable PRBs with TTI bundling
One of the main methods to enhance TTI bundling for medium data rate is to extend the number of assignable PRBs with TTI bundling. This method benefits from gain of channel coding with larger TB. However, this method could be a replacement of HARQ technology. Hence, we can hardly see the advantage of this method. Certainly, this method has little impact on specification impact, except for removal of current constraint on number of assignable PRBs with TTI bundling.
· Specification impact
· Little impact on specification impact, except for removal of current constraint on number of assignable PRBs with TTI bundling.
It is noted that these methods are not only used for FDD, but also for TDD. However, TDD is characterized by various uplink-downlink configurations; hence enhancement TTI bundling for TDD may be more complex. From the view of requirement, TTI bundling enhancement for TDD is more important due to it has less uplink subframes than FDD within one radio subframe.
3 Conclusions
In this contribution, we discuss the details of potential enhancements for UL VoIP and medium data rate PUSCH with the following proposals:
· Tradeoff between gain from enhancement TTI bundling and the compatibility of HARQ timing for enhancement TTI bundling should be further investigated. 
· Enhancement TTI bundling for TDD is more important due to it has less uplink subframes.
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