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1. Introduction
For the coverage enhancements study, significant progress was made during RAN1 with the following agreements [1]

· 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 provide our link level results of TTI bundling enhancement for medium data rate PUSCH. It is observed that the gain from joint encoding of 4 packets can bring  >1 dB gain.
2. TTI Bundling Enhancements for Medium Rate PUSCH
In [2], joint encoding of 4 packets was proposed to enhance the TTI bundling for medium rate PUSCH. An example was shown in [2], copied below for illustration. 
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Figure 1 An example of joint encoding of 4 packets over 4-TTI bundling for medium rate PUSCH.

By joint encoding of 4 packets over multiple bundled subframes, we hope to achieve:

1. Overhead reduction of CRC bits and various headers
2. Coding gain from longer turbo interleaver size
3. Link Level Results
No link adaptation is performed in the simulations where MCS level and resource blocks are fixed. The simulation assumptions are listed in Table A1 in the appendix. It is observed from Fig. 1 that with the 4 TTI bundling based joint coding the required SNR is reduced from 6.37 dB to 5.32 dB, which translates to 1.05dB gain from the overhead reduction plus longer turbo interleaver size.  
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Figure 1 Required SNR for TTI bundling based joint coding 

4. Conclusions
It is observed from the initial simulations that more than 1 dB gain can be obtained by TTI bundling enhancements for medium data rate. 
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Appendix
Table A1 Link level simulation assumptions for TTI bundling based Joint Coding for Data

	Duplex
	LTE FDD，UL

	Bandwidth
	10M

	CP Type
	Normal CP

	Carrier Frequency
	2.0G

	Channel Model
	SCME,NLOS,EPA

	UE Speed
	3km/h

	Channel Estimation
	Real Estimation

	Traffic Type
	384kbps

	RLC/MAC overhead 
	5 Bytes per TB 

	Ant. Config.
	1Tx   2Rx

	Polarization
	Same

	Link Adaption
	No

	MCS Level
	Fixed level 6

	Resource Allocation
	Fixed 4RBs

	Resource Hopping
	No Intra/Inter-Subframe Hopping

	HARQ Mechanism
	No

	HARQ Feedback
	Ideal, No Error

	Bundling scheme
	TTI bundling based joint coding

	iBLER
	10%

	Receiver Type
	LMMSE
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