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1 Introduction
A study item on LTE coverage enhancements was approved at RAN#53 [1]. After the email discussion, the evaluation results and the potential bottlenecks were summarized in [2]. After RAN1#68, the agreed way forward on the potential solutions is captured in [3] as the following:

“It is agreed to further investigate TTI bundling enhancements for both medium data rate and VoIP in UL. The following potential enhancements have been proposed:

•
To further study the changes to HARQ RTT, HARQ process and the number of bundled subframes.

•
To further study the support of larger transport block sizes.

•
To further study the configuration/signalling mechanisms.

•
Both L1/higher layer protocols overhead and latency should be considered.

The minimum gain for consideration of specifying the potential solutions is 1dB for both medium data rate and VoIP in UL.”
In this contribution, we evaluate the potential gain of further TTI bundling enhancements for PUSCH medium data rate.
2 TTI Bundling Enhancement for Data 
Although TTI bundling was introduced in Rel-8 primarily for VoIP, it is applicable to data services as well. Whenever TTI bundling is enabled with RRC signalling, it is used for all the packet transmissions (VoIP and data services). 
From the coverage point of view, however, assuming that a certain target data rate is set, data services do not benefit from TTI bundling the same way as VoIP. For coverage analysis, since it is assumed that PUSCH is always transmitting, TTI bundling does not provide more energy collection, as it does for VoIP. However, since TTI bundling results in a larger TBS, the TTI bundling can potentially provide gain because:
· Larger coding gain with large TBS

· Less L1/L2 overhead with larger TBS

However, currently the TTI bundling is restricted to QPSK and 3 PRBs or less, with a maximum TBS of 504 bits (as shown in Table 1). Considering the medium data rate of interest (~ 384 kbps), this maximum TBS would not be sufficient. Therefore, further enhancement can provide more flexibility when applying TTI bundling to data services.
Table 1 TBS applicable to TTI bundling in Rel-8/9/10

	ITBS
	NPRB

	
	1
	2
	3

	0
	16
	32
	56

	1
	24
	56
	88

	2
	32
	72
	144

	3
	40
	104
	176

	4
	56
	120
	208

	5
	72
	144
	224

	6
	328
	176
	256

	7
	104
	224
	328

	8
	120
	256
	392

	9
	136
	296
	456

	10
	144
	328
	504


3 Evaluation Results 
For the medium data rate 384 kbps as identified in the SI, the required SINR for no bundling, 4-TTI bundling and 8-TTI bundling is summarized in Table 2, with the simulation assumptions provided in Table 3. The corresponding link level curves are provided in Figure 1.
It is observed that 4-TTI bundling provides 0.7 dB gain over no bundling, and 8-TTI bundling provides an additional 0.1 dB gain, which is minimal. So the gain from TTI bundling is less than 1 dB. The results also indicate that there is not much motivation to support bundling of more than 4 TTIs for data.
Note that 10% iBLER is considered here. If for any reason a higher iBLER operating point or 1% rBLER is chosen, the TBS to reach the same 384 kbps would be larger. With larger TBS, the additional coding gain and the L1/L2 overhead savings both become smaller. Therefore, the gain from TTI-bundling is expected to be smaller.
Table 2 Required SINR for RLC 388 kbps

	 
	No Bundling
	4-TTI Bundling
	8-TTI Bundling

	Number of PRBs
	3
	3
	3

	RLC SDU size (bits)
	432
	1728
	3456

	MAC TBS
	456
	1752
	3480

	RLC+MAC header overhead
	5.6%
	1.4%
	0.7%

	RLC data rate at 10% MAC layer iBLER
	388 kbps
	388 kbps
	388 kbps

	Required SINR per antenna @ 10% iBLER
	3.3 dB
	2.6 dB
	2.5 dB


Table 3 Link level simulation assumptions

	Carrier frequency
	2 GHz

	Channel model
	EPA 3km/h

	Frequency hopping
	Inter-subframe frequency hopping enabled

	Channel estimation
	Realistic

	Antenna
	1 tx, 2 rx

	Target BLER
	10% initial BLER

	Max Number of HARQ transmissions
	8

	HARQ RTT
	16 ms for 4/8-TTI bundling, 8 ms without TTI bundling

	RLC
	RLC-AM mode, with 16 bit RLC header
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Figure 1 Link performance curves for 388 kbps RLC data rate (iBLER vs. SINR)

4 Conclusion
The link level simulation results showed that 4-TTI bundling provides about 0.7 dB gain for PUSCH medium data rate (~384 kbps), and 8-TTI bundling provides an additional 0.1 dB gain. Given that the minimum gain for consideration is 1 dB, it needs to be further studied if additional improvement/enhancement can be provided for TTI bundling for PUSCH medium data rate.
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