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1      Introduction
The WI on LTE coverage enhancements [1] was approved at RAN#60, and different techniques have been discussed in the RAN1 email reflector for potential down selection. In this contribution, we present our view on TTI bundling enhancements for UL VoIP.
2      Summary of proposals
The main proposed schemes can be generally classified as the following as summarized by the rapporteur during the email discussion:
	WI scope (RAN1 related) 
	Candidate Solutions 

	Medium data rate PUSCH: more than 3 PRBs 
	· Allocating more than 3 PRBs per subframe in conjunction with TTI bundling [4,6] 

	UL VoIP 
	HARQ timing 
	· Reduction of RTT to 12ms or less [5,12] 

	
	Number of TTIs bundled (fixed/flexible) 
	· Increase of bundling size to 20 TTIs [6,7] 

· Increase of bundling size to 10 TTIs [6,7] 

· Increase of bundling size to 8 TTIs (together with change of SPS interval to 24 ms) [9,10] 

· Increase of bundling size to 5 TTIs [13] 

· Use of flexible bundling size [8 4 4 4] TTIs [5,8] 

	
	Time interleaved 
	· TTI bundling size of 20 TTIs with time interleaved [7,12] 

	
	PUCCH format3 structure 
	· PUCCH format3 structure [9,11] 

	Whether extension in TDD 
	· Extension to other TDD configurations, e.g., 2,3,4 [13] 


Here we focus on the schemes that have less specification and implementation impacts. 

2.1     Reduce RTT to 12 ms

The concept of RTT=12 ms is shown in Figure 1. As we can see, with the same delay constraint of 52 ms, with RTT of 12 ms, 5 transmissions can be supported instead of 4. The performance gain due to this increased transmission is roughly 1 dB. Since the only impact is the RTT time, which is still sufficiently large, the implementation impact is minimal. Furthermore, compared with other techniques with different TTI bundling length, the specification impact is smaller. 
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Figure 1. HARQ Timeline with 12 ms RTT
2.2     HARQ Process Combining
The other possible technique is to combine different HARQ processes to transmit the same payload. For example, Figure 2 shows the combining of HARQ bundled process #0 and #1 to transmit the same payload. 

Each of the HARQ process still follows its own HARQ time line, from this aspect, there is no specification change. The only difference is that HARQ processes 0 and 1 are used to transmit the same payload. This is similar to the concept of TTI bundle size 8, but with more scheduling flexibility and no impact of HARQ timeline.   
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Figure 2. HARQ Timeline with Combined HARQ
Note that the concept of such HARQ combining techniques can be easily extended to various TDD configurations. 
2.3     Variable TTI Bundle Length
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Figure 3. Variable TTI Bundle Length

With variable TTI bundle length, combination of TTI bundle size 8 and size 4 are used for the transmission. One example of such transmission is shown above, where 20 subframes are transmitted roughly within 50 ms range. This is similar to the number of subframes used for the RTT=20 ms case. However, there is additional specification impact as well as scheduling complexity compared to the RTT=20 ms scheme. 
2.4     TDD TTI Bundle Enhancements

For TDD, it is desirable to have similar TTI bundling enhancements as FDD. From the three techniques mentioned above, the HARQ combining technique can be modified to fit into various TDD frame structure. The concept is shown in Figure 4. In general, if we take any two disjoint HARQ processes, and use them to transmit the same payload, it is possible to get effective combining/bundling gain. 
The HARQ timeline can be kept the same for each process to minimize specification changes. For the example below, two parallel processes can be combined to send the same payload. Furthermore, if one of the processes is ACKed, there is possible early termination. Because the transmission is not in the fixed unit of 4 or 8 bundling, it provides more opportunities for early termination. 
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Figure 4. HARQ Combining with Disjoint Transmission
3      Summary and Conclusion

In this contribution, we presented our view on VoIP enhancements. We make the following proposals:
Proposal 1:

· Consider the HARQ combining technique and RTT=12 ms technique for VoIP coverage enhancements. 
Proposal 2:

· Prioritize the technique that can be used for both TDD and FDD systems
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