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1 Introduction
In RAN1#68, simulation results and techniques on LTE coverage enhancements were discussed. The progress in the meeting is summarized as below [1]:

The potential solutions on coverage enhancements were discussed, and it was agreed that [2]:

· 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. 
2 Improving UL coverage 
In Rel-8, RLC segmentation and TTI bundling were discussed to improve UL coverage, especially for VoIP. Both techniques could enhance UL coverage significantly by increasing the time span of the data transmission. However, comparing with RLC segmentation, TTI bundling has additional advantages, such as less L1/L2 header overhead, which increases the efficiency of UL subframe utilization, and requires less ACK/NACK feedback. However, there are some potential improvements on TTI bundling as currently specified.
Firstly, TTI bundling size is fixed to 4. For FDD system, TTI bundling size of 4 is not optimal and larger size, such as 8, could reduce L1/L2 header overhead further. And if TTI bundling size is defined as 8, HARQ timing of TTI bundling almost does not need to be modified. Therefore, it is beneficial for FDD system to extend TTI bundling size with little impact on specification. For TDD system, on the one hand, TTI bundling could only be applied in uplink-downlink configuration 0, 1 and 6 in Rel-8/9/10 and UL coverage of other uplink-downlink configurations cannot be improved by TTI bundling, including uplink-downlink configuration 2, which is a typical configuration in practical deployment. In addition, current TTI bundling size for TDD is the same as FDD system. It is not optimized for all supported uplink-downlink configurations. Taking uplink-downlink configuration 0 as an example, when TTI bundling size equals to 4, there are 2 HARQ processes and 2 unused uplink subframes during one HARQ RTT, which is shown in Figure 1. It means that utilization of UL subframes is not 100% in this configuration. Therefore, it is necessary for TDD system to enhance TTI bundling.
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Figure 1: HARQ design of TTI bundling mode (uplink-downlink configuration0)

Secondly, in Rel-8/9/10 the TTI bundling is restricted to QPSK modulation and only three PRBs. This constraint imposes restriction on the maximum transport block size that can be supported by TTI bundling. However, TTI bundling may be also beneficial to large transport block sizes. Taking medium data rate (384kbps) as an example, the transport block size can be 384 bits and 1536 bits for non-TTI bundling and TTI bundling mode respectively. Usually, as the length of transport block increases, gain from channel coding also increases. However, the gain from the reduction of L1/L2 header overhead and CRC is less significant for medium data rate than for VoIP. In the following, we provide some evaluations on TTI bundling enhancement.

3 Evaluation for coverage enhancement
3.1 Evaluation results for VoIP 
In the section, extended TTI bundling size (8TTIs) is evaluated and compared with normal TTI bundling size (4TTIs). Traffic model is VoIP (AMR12.2) and one PDCP packet with 288 bits is produced per 20ms. Both RLC segmentation and TTI bundling are considered in simulation to enhance VoIP coverage. During one HARQ RTT, 4 and 2 HARQ processes are supported for normal TTI bundling and extended TTI bundling respectively as shown in Figure 2. Therefore, in case of normal TTI bundling, one PDCP packet is divided into 4 parts and transmitted in 4 HARQ processes. L1/L2 header (16bits) and CRC (24bits) are added in 4 transport blocks respectively and TB size per HARQ process is 112, as shown in Figure 3 (left). Similarly, in case of extended TTI bundling, one PDCP packet is divided into 2 parts and transmitted in 2 HARQ processes, in which TB size per process is 184. Simulation assumptions are listed in Table A-1. And simulation results are shown in Figure 4.
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Figure 2: HARQ design for TTI bundling with normal and extended bundling size 
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Figure 3: RLC segmentation for TTI bundling with normal and extended bundling size 
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Figure 4: Simulation results for VoIP with normal TTI bundling size and extended TTI bundling size 
Looking at the above results, we have the following observations

· For VoIP coverage, extended TTI bundling size could improve performance by 0.8dB at 1% BLER. 
3.2 Evaluation results for medium data rate 
In this section, TTI bundling for medium data rate is evaluated. To achieve transmission rate of 384kbps, TB size is configured as 424 bits and 1576 bits (including data bit, L1/L2 header and CRC) for non-TTI bundling and TTI bundling mode respectively. Simulation assumptions are listed in Table A-2. Simulation results for medium data rate w/oTTI bundling and with TTI bundling are shown in Figure 5. 
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Figure 5: Simulation results for medium data rate w/oTTI bundling and with TTI bundling
Looking at the above results, we have the following observations

· For medium data rate, TTI bundling could improve performance by 0.7dB at 10% BLER. 
4 Conclusions
In this contribution, we provide the simulation results for coverage enhancement and mainly focus on optimization on TTI bundling. According to these simulation results, we have following observations.
· For VoIP (AMR12.2), increasing the TTI bundling size could improve the performance by 0.8dB at 1% BLER for FDD system. 
· For medium data rate (e.g. 384kbps), TTI bundling could improve the performance by 0.7dB at 10% BLER.
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6 Appendix

6.1 Simulation assumption
Table A-1: Simulation assumptions for VoIP (AMR 12.2kbps)
	Parameter
	Assumption

	Bandwidth
	10MHz

	Channel model
	EPA

	Antenna configuration
	1Tx,2Rx

	Channel estimator
	MMSE

	Detection algorithm
	MMSE

	HARQ retransmission
	OFF

	TTI bundling size
	4/8

	RLC segmentation
	4(TTI bundling size=4)/2(TTI bundling size=8)

	Number of UL RBs
	3

	Modulation order
	QPSK


Table A-2 Simulation assumptions for medium data rate
	Parameter
	Assumption

	Bandwidth
	10MHz

	Channel model
	EPA

	Antenna configuration
	1Tx,2Rx

	Channel estimator
	MMSE

	Detection algorithm
	MMSE

	HARQ retransmission
	OFF

	TTI bundling size
	1/4

	RLC segmentation
	4(TTI bundling size=1)/1(TTI bundling size=4)

	Number of UL RBs
	12

	Modulation order
	QPSK
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