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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 medium rate PUSCH.
2.  Performance evaluation 
2.1. Solution descriptions
TTI bundling specified in R8-10 is that multiple redundancy versions (RVs) of a single transport block are transmitted during four consecutive subframes. From the view of coverage, if the tolerance of medium date rate covers range from 100kbps to 500kbps, the TTI bundling of multiple RVs repetition can obtain perfect coverage gain at the cost of some throughput decline. That means if relaxing the limitation of 1-3PRB locations in definition of TTI bundling in R8-10, the definition of TTI bundling is also applicable to medium data rate service (e.g. web browsing). Similar to discussion for VoIP, a 4TTIs bundling transmission with multiple RVs for medium data rate (>3PRB locations or higher level of MCS) can get about 3dB coverage gain, considering HARQ RTT for 4TTIs bundling 16ms and traditional HARQ RTT 8ms. As the result, the data rate will be decreased as the cost of the increased coverage.
Considering the contiguous transmission, if the rate requirement is strict for medium rate PUSCH, e.g. to guarantee the promising data rate 384kbps, traditional TTI bundling of repetition may be not appropriate. As discussed in [6], enlarging interleaving size of turbo coding is a potential solution. Especially compared with the case of transport block <400bits (384kbps), a bundle of 400×4 bits per transport block can get some coding gain. There are two potential solutions to meet the requirement of larger size of transport block without changing the data rate or the instantaneous transmit power. One is to use aggressive level of MCS and permit more times of HARQ retransmissions, in which packet delay is an issue and more times of retransmission will cause other potential problems, e.g. confliction between time varying channel and non-adaptive HARQ, etc.
TTI bundling enhancement with joint coding is another candidate. Shown as Figure 1, when the bundle size is four, four subframes will be bundled together and get jointly encoded as a larger transport block. The HARQ RTT for 4TTIs bundling with joint coding is the same as TTI bundling in R8-10. Considering that there is no need to segment a large block into four subfames using bundling in layer 1, overhead of MAC/RLC is reduced, where the reduction per subframe reaches 5bytes (including 3bytes MAC and 2bytes RLC header) × 3 / 4subframes.
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Figure 1 TTI bundling enhancement with joint coding

2.2. Evaluation/Analysis on the performance
In this section, evaluation results from link level simulation are given to compare TTI bundling enhancement and traditional HARQ. Simulation parameters can be found in Table 1. We apply adaptive modulation and coding scheme in the simulation to better evaluate throughput per link, and 10% iBLER is set as MCS selection criterion. Same latency budget is applied, and accordingly the maximum retransmission times of two schemes are different. The curves indicate the effective throughput per subframe which takes overhead reduction (considering 5bytes RLC/MAC header per transport block) into account for TTI bundling enhancement. 
Table 1 Simulation parameters
	
	Parameters

	Carrier frequency
	2GHz

	System bandwidth 
	10 MHz 

	Antenna configuration eNB 
	2rx 

	Antenna configuration UE 
	1tx 

	Receiver
	MRC

	Radio channel 
	EPA5

	RLC/MAC overhead 
	5 Bytes per TB 

	Frequency hopping
	OFF

	Channel estimation
	Ideal


From the effective throughput results as shown in Figure 2, at the data rate range from 300kbps to 400kbps, about 1.5dB gain brought by TTI bundling enhancement can be observed, which comes from larger block encoding gain and upper layer overhead reduction. In addition, at least the following potential benefits of TTI bundling enhancement has not been revealed in current results due to the limitation of link level simulation:

· Lower PDCCH overhead; 
· More robust HARQ feedback;
· Potential more robust link adaptation;
· Potential increased channel estimation performance, if joint TTIs channel estimation is adopted.
The expected impacts on specification due to TTI bundling enhancement include HARQ RTT, HARQ process, relevant configuration/signaling mechanism, etc., which need to be further investigated.
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Figure 2 Effective throughput results for TTI bundling enhancement

3. Conclusions
In this contribution, we present the analysis and evaluation results on TTI bundling enhancement for medium rate PUSCH. In comparison with traditional HARQ, about 1.5dB gain can be obtained by TTI bundling enhancement with 384kbps date rate requirement.
On TTI bundling enhancement for medium rate PUSCH, 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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