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1 Introduction

For TTI bundling enhancements for UL VoIP for FDD, candidate solutions listed in [1] were discussed in last RAN1 meeting. As a result, a few agreements were achieved for the solutions with favorable features. The possible schemes which are worth further discussion for UL VoIP for FDD are given as [2]:
Alt 1 Reduction of RTT to 12ms
Alt 6 Flexible bundling size

Alt 6.1 Fixed bundling pattern of [8, 4, 4, 4, …]
Alt 6.2 Dynamic scheduling of additional bundling over different HARQ processes (each HARQ process with a DCI) with a fixed bundling size of 4 for a same transport block 
Alt 6.3 Dynamic triggering of flexible bundling sizes (4 or 8) indicated by an information field in DCI
In this contribution, we provide further consideration on the above alternatives in section 2. Performance, implementation impact, specification impact as well as co-existence with legacy TTI bundling are analyzed for these solutions to help make a clear decision for TTI bundling enhancements for UL VoIP. Our conclusions are given in section 3.
2 Analysis: Performance gains and impacts of change
In the previous discussion, comparisons of performance gains as well as impacts of change among variable candidate solutions, including aspects of implementation, specification and so on, were given in a general level. More detailed analysis is needed among the remaining alternatives.
2.1 Performance gains
Coverage gain for UL VoIP mainly benefits from TTI bundling enhancement by two approaches: energy accumulation and time diversity. With the limitation of latency budget around 50 ms, the effects of the two approaches can be summarized in Table 1. 
Table 1. Enhancement effects of remaining alternatives 
	Alts
	Energy accumulation
	Time diversity

	1
	20 TTIs
	52 ms

	6.1
	20 TTIs
	52 ms

	6.2
(R1-134612)
	16 TTIs
	24 ms

	6.3
	16~20 TTIs
	52 ms


According to the above analysis as well as simulation results given in previous contributions such as [3], [4], we have
Observation 1
Alt 1, Alt 6.1 and Alt 6.3 which can utilize up to 20 TTIs with similar time diversity have better performance gains, each with an enhancement about 1 dB .
2.2 Impacts of change
The impacts when changing current TTI bundling scheme in Rel-8 are analyzed in this section. Considerations shall be given to three aspects: specification, implementation and co-existence capability with current TTI bundling.
Specification impact
Specification impacts may come from the following aspects: new RTT, new TTI bundling size, new HARQ timing, new number of HARQ processes and higher layers. For the alternatives, configuration signaling is always needed in RAN2 at least. Alt 1 needs to introduce new number of HARQ processes and new HARQ timing, but it keeps the bundle size as 4. Alt 6.1 has impact on bundling size, HARQ timing and number of HARQ process. Alt 6.2 has impact on the potential signaling in DCI and different HARQ process combination related in RAN1 and RAN2. Further clarification is needed for Alt 6.2. Alt 6.3 has impact on the potential signaling in DCI, bundling size, HARQ timing and number of HARQ process. The specification impacts of the alternatives can be summarized in Table 2.
Table 2. Specification impacts of remaining alternatives
	Alts
	New RTT
	New bundling size
	New HARQ timing
	New HARQ process number
	New signaling in DCI

	1
	√
	×
	√
	√
	N

	6.1
	×
	√
	√
	√
	N

	6.2

(R1-134612)
	×
	×
	×
	×
	Y

	6.3
	×
	√
	√
	√
	Y


Implementation impact & Co-existence flexibility with legacy HARQ
For potential solutions, eNB scheduler needs to have a mechanism to handling the possible resource collision between legacy HARQ and new introduced TTI bundling. In addition, the needs of dynamic scheduling of HARQ process introduced by Alt 6.2 and dynamic triggering of TTI bundling size introduced by Alt 6.3 provide high co-existence flexibility with legacy HARQ, but also result in an increase of scheduler complexity. Different RTTs for new UEs and legacy UEs increase the possibility of resource collision.
Taking the above aspects into account, we have
Observation 2
For being adopted for TTI bundling enhancements, Alt 1 has relatively low impact of change on top of the current TTI bundling in Rel-8.
2.3 Pros and cons
Based on the above analysis, the pros and cons of remaining alternatives can be summarized in Table 3.
Table 3. Pros and cons of remaining alternatives
	Alts
	Pros
	Cons

	1
	Good gain

Low specification impact
Simple implementation
	Low co-existence flexibility

	6.1
	Good gain

High co-existence flexibility
	Medium specification impact
Medium implementation complexity

	6.2

(R1-134612)
	High co-existence flexibility
	Not good gain
Medium specification impact
Medium implementation complexity

	6.3
	Good gain

High co-existence flexibility
	Medium specification impact
Medium implementation complexity


Since the target is to obtain notable coverage gain with acceptably low impact of change on current TTI bundling rather than notably low specification impact with acceptable gain, the performance of coverage enhancements shall be given the priority for an overall consideration. Therefore, we have:
Proposal 1: 
Only one alternative which has notable coverage gain and acceptably low impact needs to be selected.
Proposal 2: 
The scheme with reduction of RTT to 12ms is worth further discussion in order to be used for UL VoIP for FDD.
3 Conclusion

We have the following observations through careful analysis on the candidate alternatives:

Observation 1
Alt 1, Alt 6.1 and Alt 6.3 which can utilize up to 20 TTIs with similar time diversity have better performance gains, each with an enhancement about 1 dB .
Observation 2
For being adopted for TTI bundling enhancements, Alt 1 has relatively low impact of change on top of the current TTI bundling in Rel-8.
Our proposals drawn from these observations are given as
Proposal 1: 
Only one alternative which has notable coverage gain and acceptably low impact needs to be selected.
Proposal 2: 
The scheme with reduction of RTT to 12ms is worth further discussion in order to be used for UL VoIP for FDD.
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