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1. Introduction

The WI on LTE coverage enhancements was approved at RAN#60 with following additional agreements:

· Email discussion to start after RAN1#74 to see if consensus can be reached on down-selection of the enhancements to consider 
· Online discussion from RAN1#74bis
After RAN 1 #74meeting, email discussion about LTE coverage enhancement was kicked off to down-select the candidate schemes. Following options seems prospective down selections:

Proposal:

-            Enhanced TTI bundling for UL VoIP will be selected from following Alts:

o    Alt1: Reduction of RTT to 12ms or less

o    Alt2: Use of flexible bundling size
In this contribution, we address our views on these options for TTI bundling enhancement for UL VoIP.
2. TTI bundling enhancement for UL VoIP 
In this section, we discuss pros and cons of two candidates; reduced RTT bundling and flexible TTI bundling.  
TTI bundling with reduced RTT (12ms)
Comparing with release 8 TTI bundling (maximum 4 HARQ transmissions within 52ms delay budget), ideally 0.97 dB (=10log20/16) energy accumulation gain can be achieved. It is noted that this scheme does not require a new TTI bundling size. However, the new number of HARQ process and HARQ timing should be defined for standardization. In higher layer perspective, a new TTI bundling mode to distinguish the legacy TTI bundling should be also defined. Different RTTs for new UEs and legacy UEs can cause collision in retransmissions, thus eNB scheduler complexity to handle the possible collision between legacy UEs and new UEs can be increased.
Flexible TTI bundling 
Release 8 TTI bundling has maximally four HARQ retransmission resulting in occupation of 16RTT for each HARQ process. We observe that every four TTIs next to initial VoIP packet transmission are always not reserved for HARQ retransmission as shown in figure 1. For further enhancement of VoIP coverage by using this unreserved 4TTI, we propose that the initial transmission of each VoIP packet is using 8TTI bundling and every HARQ retransmission is using 4TTI bundling. This method has better coverage performance than 20TTI bundling proposed in [1] and [2] since the flexible TTI bundling has more time diversity than the 20 TTI bundling and fewer unnecessary retransmissions. It is noted that flexible TTI bundling has the same RTT with legacy UE. Therefore, the eNB scheduler complexity of flexible TTI bundling is smaller than that of the reduced RTT bundling. HARQ timeline cannot be changed by using the automatic retransmission in unreserved TTIs. Figure 2 shows TTI-bundling with 3 HARQ retransmissions and 1 automatic retransmission. One automatic retransmission in unreserved HARQ retransmission allows same PHICH timing as legacy UEs. Note that this scheme has only adding TTI bundling mode, but an unnecessary retransmission (automatic) is needed. Figure 3 shows flexible TTI-bundling with 3 HARQ retransmissions. This alternative requires the modification of PHICH timing, but unnecessary retransmission is not needed. Table 1 summarize pros and cons of above mentioned options. 
Table 1 Summary of options

	
	TTI bundling with reduced RTT (12ms)


	Flexible TTI bundling 



	
	
	Option 1 (figure 2)
	Option 2 (figure 3)

	Pros
	No change bundling size 

Significant performance gain
	Significant performance gain

No change PHICH  timing

No change RTT
	Significant performance gain

No change RTT

	Cons
	Need change HARQ timing 

Need change HARQ process 

Increase scheduler complexity (to handle different RTT)
	Need change HARQ process 


	Need change PHICH timing 

Need change HARQ process 




We summarize our observations as follows:
Observation 1: Changing RTT causes more specification impact then flexible bundling and increases scheduler complexity to handle the collision due to the different RTTs. 
Observation 2: PHICH timing change is not necessary in alt. 1 of flexible TTI bundling.

Based on our observations, we make a following proposal.
Proposal: Option 1 of flexible TTI bundling is preferred. 
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Figure 1 legacy TTI bundling for VoIP
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Figure 2. Flexible TTI-bundling with 3 HARQ retransmissions and 1 automatic retransmission
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Figure 3. Flexible TTI-bundling with 3 HARQ retransmissions 
3. Conclusion
We discussed TTI bundling extension schemes for VoIP. Following observations were made:
Observation 1: Changing RTT causes more specification impact then flexible bundling and increases scheduler complexity to handle the collision due to the different RTTs. 
Observation 2: PHICH timing change is not necessary in alt. 1 of flexible TTI bundling.

Based on our observations, we made a following proposal.
Proposal: Option 1 of flexible TTI bundling is preferred. 
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