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1. Introduction
In RAN#60 meeting, a new work item [1] on LTE coverage enhancement was approved, which aims to specify the required changes to improve coverage of the uplink data channel, targeting VoIP and medium data rate PUSCH.

· Specify necessary TTI bundling enhancements to improve coverage for medium data rate PUSCH, potentially including at least the following aspect:

· Allocating more than 3 PRBs per subframe in conjunction with TTI bundling

· Identify and specify necessary TTI bundling enhancements to improve coverage for uplink VoIP, potentially including at least one of the following aspects:

· HARQ timing

· Number of TTIs bundled, including fixed or flexible bundle size

· Time interleaving of bundled TTIs

· PUCCH format 3 structure type uplink transmission mode

· Determine whether TTI bundling should be extended to more TDD UL-DL configurations

· Specify the necessary L2 protocols to support the identified coverage enhancements

· Specify applicable UE and eNB core requirements

In selecting between enhancements with similar performance, priority should be given to enhancements with lower impact on the specifications, system operation and implementation complexity.

In this contribution, we mainly focus on the TTI bundling enhancement for UL VoIP.
2. Discussion
2.1. TTI bundling enhancement for FDD
At SI stage, lots of methods for TTI bundling enhancement were proposed and link level simulations were presented and analyzed by most companies. Taking into account performance gain, implement complexity and specification impact, two schemes were preferred for TTI bunlding enhancement for UL VoIP in FDD system according to our evaluation and anaylsis [3] :
· Scheme a (FDD): 4 TTI bundling with 5 transmissions, RTT is 12ms
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Figure 1. scheme a: 4TTI bundling with 5 transmissions, RTT time is 12ms
Scheme a (FDD) keeps the same maximum bundling size 4 as to Rel.8, while changes the RTT and the number of retransmissions. With this faster HARQ method and maximum 5 retransmissions, 20TTIs can be fully applied in the latency budget and reach better performance. The maximum allowed delay for scheme a is 52ms.
· Scheme b (FDD): 5 TTI bundling with  4 transmissions, RTT is 15ms
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Figure2. scheme b: 5TTI bundling with 4 transmissions, RTT time is 15ms
Scheme b (FDD) keeps the number of retransmission to 4 and changes the RTT to 15ms. The maximum allowed delay for scheme b is 50ms.
2.2. TTI bundling enhancement for TDD
In TDD, although variable UL-DL configurations are defined, in release8/9/10/11, TTI bundling can only be applied for UL-DL configuration 0/1/6  and the bundling size is fixed to 4 TTIs which is consistent to FDD.
Unfortunately, 4 TTIs bundling scheme may not be the best choice for some TDD configurations. For example, in configuration 0, according to the current bundling size and RTT time, there are only 8 TTIs can be fully utilized in every 20ms, which means 4 TTIs (33%) are not fully used for each VoIP transmission period. The same problem occurs in configuration 6, 2 TTIs (20%) in 20ms cannot be utilized.
Therefore, new bundling size and RTT time shall be defined in order to fully utilize UL resource and provide better performance.
· Potential enhancement scheme for configuration 0
For configuration 0, two potential schemes are considered to obtain the fully usage of UL TTIs.
· Scheme a (conf.0): TTI bundling size is 3, RTT time is 15ms, maximum transmission is 4, shown in Figure 3.
· Scheme b (conf.0): TTI bundling size is 6, RTT time is 30ms, maximum transmission is 2, shown in Figure 4.
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Figure 3.  Scheme a (conf.0): 3TTI bundling with 4 transmissions, RTT time is 15ms
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Figure 4. Scheme b (conf.0): 6TTI bundling with 2 transmissions, RTT time is 30ms
· Potential enhancement scheme for configuration 6
Similar to configuration 0, using more TTIs in the bundling window size would result in more uplink subframe utilization.
·  Scheme c (conf.6): TTI bundling size is 5, RTT time is 30ms, the maximum transmission is 2, shown in Figure 5.
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Figure 5. 5TTI bundling with 2 transmissions, RTT time is 30ms
3. Initial Simulation Results
3.1. FDD results

In [3], potential TTI bundling schems for FDD have been evaluated, based on the aforementioned simulation results and analysis, the improvement of TTI bundling can get 0.9dB gain from residual-BLER performance point of view, while only 0.5dB gain from throughput point of view. Those bundling schemes include scheme a and b (best two candidates),

Proposal 1: For FDD VoIP, improvement of TTI bundling can achieve approximate 1dB gain in terms of SINR with the same r-BLER. The following TTI bundling approaches are recommended,
· 4 TTI bundling with 5 transmissions, RTT time is 12ms, delay bound = 52ms 
· 5 TTI bundling with 4 transmissions, RTT time is 15ms, delay bound = 50ms
3.2. TDD results

In this section, we focus on the simulation comparison for TDD and the evalution parameters are shown in Table 1.
Table1. Simulation assumptions for VoIP with TTI bundling for TDD
	Bandwidth
	20 MHz

	Carrier Frequency
	2 GHz

	Antenna Congiration
	UL 1*8

	Channel Mode
	EPA channel

	Mobile speed
	3km/h

	Channel Estimation
	Ideal

	Frequency hopping
	No

	HARQ RI
	0 1 2 3 0 1 2 4...

	PRB
	3

	TBS
	328bit

	MCS
	I_TBS=7, QPSK

	Targer BLER
	2% residual BLER


· Simulation results for configuration 0
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Figure 6. r-BLER performance comparison for configuration 0
Figure 6 shows the r-BLER performance for the current TTI bundling scheme and other two new bundling schemes. From the figure we can see, because of the fully utilization of UL TTIs, scheme a (3TTI bundling) and scheme b (6TTI bundling) have better performance comparing to 4TTI bundling scheme. The gain is about 0.9dB with the r-BLER@2%. And “scheme a” with 3TTI bundling performs the best because of its flexibility and diversity gain. 
· Simulation results for configuration 6
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Figure 7. r-BLER performance comparison for configuration 6
Similar to Figure 6, Figure 7 compares the performance between traditional scheme and scheme c in TDD configuration 6. The simulation results shows that, comparing to 4TTI bundling scheme, scheme c (5TTI bundling) have 0.8dB gain at 2% r_BLER.
Therefore, base on the above analysis and evaluation, the TTI bundling enhancement for TDD UL VoIP is necessary and can obtain performance gain when comparing to the traditional TTI bundling scheme.
Proposal 2: TTI bundling enhancement should be considered for TDD UL VoIP, the following bundling schemes can be considered for TDD configuration 0 and 6
· Scheme a (conf.0): TTI bundling size is 3, RTT time is 15ms, maximum transmission is 4, shown in Figure 3.
· Scheme b (conf.0): TTI bundling size is 6, RTT time is 30ms, maximum transmission is 2, shown in Figure 4.

· Scheme c (conf.6): TTI bundling size is 5, RTT time is 30ms, the maximum transmission is 2, shown in Figure 5.
4. Conclusion
In this contribution, we present our considerations and simulation on TTI bundling enhancement schemes for UL VoIP, and it is proposed that,
Proposal 1: For FDD VoIP, improvement of TTI bundling can achieve approximate 1dB gain in terms of SINR with the same r-BLER. The following TTI bundling approaches are recommended,
· 4 TTI bundling with 5 transmissions, RTT time is 12ms, delay bound = 52ms, shown in Figure 1. 
· 5 TTI bundling with 4 transmissions, RTT time is 15ms, delay bound = 50ms, shown in Figure 2.
Proposal 2: TTI bundling enhancement should be considered for TDD UL VoIP;
For configuration 0

· Scheme a: TTI bundling size is 3, RTT time is 15ms, maximum transmission is 4, shown in Figure 3.
· Scheme b: TTI bundling size is 6, RTT time is 30ms, maximum transmission is 2, shown in Figure 4.

For configuration 6
· Scheme c: TTI bundling size is 5, RTT time is 30ms, the maximum transmission is 2, shown in Figure 5.
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