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1.  Introduction
The Rel-11 SI on “LTE coverage enhancements” was initiated in RAN #53 [1]. In the email discussion on coverage enhancements, the conclusion has been drawn aiming to identify the potential issues due to coverage bottlenecks, by taking coverage imbalance into account [2]. RAN1 has agreed on the TR with the conclusion: further investigate coverage enhancements for medium data rate and VoIP in UL with first priority [3], [4].

A way forward is given on RAN1 #68[5]:

· The coverage improvements for medium data rate PUSCH and UL VoIP should be investigated.

· The minimum gain for consideration of specifying the potential solution is 1 dB for both medium data rate PUSCH and UL VoIP.

· Potential solutions are

· TTI bundling enhancements for medium data rate and VoIP

· Both L1/Higher layer protocols overhead and latency should be considered

· Coverage enhancements are evaluated further based on above listed potential solutions. 

In this contribution, we present further evaluations/analysis on TTI bundling enhancement for uplink VoIP.
2.  Discussion
2.1. Analysis on potential solutions
TTI bundling specified in R8-10 is that multiple redundancy versions of a single transport block are transmitted during four consecutive subframes, only when the last redundancy version of the transport block is received by the eNB, the ACK/NACK is sent. Take FDD system as an example, to synchronize the normal 8ms HARQ Round Trip Time (RTT) and consider the transmission/decoding/processing delay, the HARQ RTT of TTI bundling is defined as 16ms. The subframes between two bundles’ transmissions could be utilized for bundled transmission and normal HARQ process.

When the transmission time per VoIP packet is considered, there are two requirements that need to be kept in mind [6]:
· 98% radio interface tail latency should not exceed 50 ms.

· VoIP packets arrive at interval of 20 ms. 
To further enlarge the coverage of uplink VoIP, one solution as TTI bundling in R8-10 is to further increase effective uplink subframe utilization per delivered VoIP packet by maximizing the total uplink subframe utilization ratio. One straightforward way is to enhance the bundling size from four to eight as the potential scheme 1 in Figure 1 [7][8][9]. The HARQ RTT for 8TTIs bundling is 16ms, the same as R8-10 TTI bundling. 
Considering the two timing requirements of VoIP packet transmission, the retransmission data of one VoIP packet within the latency budget of 50ms may cause a collision with a new arriving VoIP packet later than 20ms. At the result, when the TTI bundling size is enlarged to eight, the packet lasts at most 24TTIs transmission, while the collision will occur as shown in Figure 1.
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Figure 1 Transmission collision of eight subframes bundling (potential scheme 1)
Several other potential designs of TTI bundling enhancement for uplink VoIP presented in RAN1 #68 are summarized as shown in Figure 2, where the blue block and green block indicate two different VoIP packets, respectively. Table 1 presents the observations and analysis from the potential solutions 
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Figure 2 Summary of potential designs for TTI bundling enhancement

Table 1 Observations of potential designs for TTI bundling enhancement

	Potential Schemes
	Bundle size (TTIs)
	HARQ RTT (ms)
	Max number of TTIs transmission for one VoIP packet (within 50ms)

	1
	8
	16
	24

	2
	4
	8
	20

	3
	20
	/
	20

	4
	20
	/
	20

	5
	4
	16
	

	6
	10
	30
	20


Based on the observations above, if we want to further enhance the uplink subframe utilization for VoIP with two timing requirements, maximum 20TTIs transmission per VoIP packet may be a common choice (e.g. scheme 2, 3, 4, 6). 
2.2. Evaluation/Analysis on the performance
In this section, we give some link level simulation results to compare the coverage performance of R8-10 TTI bundling and TTI bundling enhancement. For TTI bundling enhancement, both 10 TTIs per bundle (maximum 2Tx) and 8 TTIs per bundle (maximum 3Tx) are considered.
The simulation parameters are listed in Table 1.

Table 1 Simulation parameters

	
	Parameters

	Carrier frequency
	2GHz

	System bandwidth 
	10 MHz 

	Antenna configuration eNB 
	2Rx 

	Antenna configuration UE 
	1Tx 

	Receiver
	MRC

	Channel model
	EPA5, EVA70 

	MCS/PRB allocation
	MCS6/1PRB

	Latency budget 
	50ms 

	Frequency hopping
	OFF


Figure 3 provides the performance comparison for uplink VoIP with Rel.8 4TTIs bundling/8TTIs bundling/10TTIs bundling. The x-axis represents the average received SNR per Rx. With limitation of latency budget of 50ms, the schemes of 8TTIs bundling with HARQ RTT 16ms can transmit at most three times without taking into account the retransmission collision, and the scheme of 10TTIs bundling can transmit at most twice. As the baseline, 4TTIs bundling takes HARQ RTT 16ms and at most 3HARQ transmissions.
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Figure 3 Performance of uplink VoIP with TTI bundling enhancement

With a rBLER target of 2%, when the user speed is as low as about 3km/h, the SNR requirement of the three schemes are about 0, -1, and -2.2dB, respectively. Furthermore, when the UE speed is increased to 30km/h, the SNR requirement of the three schemes are about 0.1, -1.9, and -3dB, respectively. Compared to low UE mobility case, the required SNR for high UE mobility case is reduced due to increased time diversity, and TTI bundling enhancement can obtain more gain from time diversity for higher UE mobility case. 
It can be seen from the simulation results that, compared with R8 4TTIs bundling, about 2.2~3.1 dB performance gain can be achieved with relative ideal enhanced TTI bundling, e.g., 8TTIs bundling with maximum 3 transmissions. With practical retransmission collision taken into account, the gain will be reduced to 1~2 dB, e.g., 10 TTIs bundling with maximum 2 transmissions. 
Based on the summarization of potential solutions of TTI bundling enhancement for uplink VoIP, relevant standardization impacts may include HARQ RTT, HARQ process, configuration/signaling mechanisms, etc., which need to be further investigated
3. Conclusions
In this contribution, we present the analysis and evaluation results on TTI bundling enhancement for UL VoIP. It can be observed from the link level simulation that more than 1dB gain can be obtained by TTI bundling enhancement. 
On TTI bundling enhancement for UL VoIP, we propose to further investigate more details, including HARQ RTT, HARQ process, the number of bundled Subframes, and the configuration/signaling mechanisms.
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