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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 UL VoIP.
2 TTI Bundling Enhancement for VoIP 
TTI bundling for VoIP is already supported since Rel-8, where 4-TTI bundling can be enabled through RRC signalling. With 4-TTI bundling, the HARQ RTT is defined as 16 ms. In order to satisfy the typical requirement of 50 ms on VoIP packet delay, up to 4 HARQ transmissions can be used. Therefore, up to 16/20 = 80% of the subframes can be used by one UE. The actual percentage of the subframes used for transmissions by a UE is usually much less than 80% because the packet is targeted at 1% residual BLER after 4 HARQ transmissions and the average number of HARQ transmissions is smaller.
When the UE maximum power is reached, in order to collect more energy for a VoIP packet, bundling of more than 4 TTIs could be considered. One example is to use 8-TTI bundling instead. However, 8-TTI bundling would not necessarily be able to provide double energy. Given that one voice packet arrives every 20 ms, the maximum transmission time for one VoIP packet should not be much larger than 20 ms to avoid any excessive queue build-up. Therefore it is appropriate to allow up to 3 HARQ transmissions when 8-TTI bundling is used, with up to 24 TTIs possibly being used by each VoIP packet. Although 24-TTI is longer than the inter-arrival time, it should not result in queue build-up because each packet uses much less than 24 TTIs on average.
With more energy collected per bit, 8-TTI bundling is expected to provide some coverage improvement. In terms of how many bundled TTI would provide the largest coverage gain, the most important factor is up to how many TTIs can be used for each VoIP packet. Given that 8-TTI bundling with up to 3 HARQ transmissions already allows up to 24 TTIs, we consider that it provides a reasonably good upper bound if we want to avoid the queue build-up. 8-TTI bundling can also easily fit into the current HARQ timing structure.
TTI bundling can be used together with RLC segmentation. Assume that one VoIP packet is divided into 2 segments, and each segment is transmitted with 4-TTI bundling. Similar to the case with 8-TTI bundling, up to 3 HARQ transmissions can be allowed to avoid the queue build-up. However, with the MCS/TBS currently allowed for 4-TTI bundling, RLC segmentation on top of 4-TTI bundling would need to use at least 2 PRBs and padding is needed to fill the packet. Overall it does not provide an efficient way of using the resource, and the corresponding link budget is not attractive (no better than 4-TTI bundling alone). Even if the MCS/TBS is further optimized for RLC segmentation, it would still perform worse than 8-TTI bundling, because the transmission time of each VoIP packet would be similar to that for 8-TTI bundling, but RLC segmentation introduces additional overhead. Therefore RLC segmentation combined with 4-TTI bundling is not discussed further in the contribution.
3 Evaluation Results 
Based on the MCL methodology agreed in [3], link level simulations can be used to evaluate the coverage gain. Basically the gain in required SINR directly translates into the coverage gain. In this section, we evaluate and compare the link level performance of 4-TTI bundling and 8-TTI bundling.
The required SINR for 2% rBLER is summarized in Table 1. The corresponding simulation assumptions are provided in Table 2, and the link level curves are provided in Figure 1. It is observed that 8-TTI bundling provides about 1 dB gain over 4-TTI bundling.
Table 1 Link level performance summary

	
	4-TTI bundling
	8-TTI bundling

	Required SINR per antenna @ 2% rBLER
	-5.3 dB
	-6.3 dB

	Average over the air delay
	20 ms
	16 ms

	RLC SDU size (bits)
	312
	312

	MAC TBS
	328
	328

	Max Number of HARQ transmissions
	4
	3


Table 2 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

	Number of PRBs
	1

	Target BLER
	2% residual BLER after max # of HARQ transmissions

	HARQ RTT
	16 ms

	Codec
	AMR 12.2 kbps

	RLC
	RLC-UM mode, with short header of 8 bits assumed
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Figure 1 Link level performance curves (rBLER vs. SINR)
4 Conclusion
The link level simulation results showed that 8-TTI bundling provides about 1 dB gain over 4-TTI bundling. Given that the minimum gain for consideration is 1 dB, it is an option that can be further investigated.
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1 dB gain with 8ms TTI bundling @ 2% rBLER
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		4 TTI bundling						8-TTI bundling						4 TTI bundling with 2-way RLC segmentation

		Average Rx SINR per antenna (dB)		Residual BLER				Average Rx SINR per antenna (dB)		Residual BLER				Average Rx SINR per antenna (dB)		Residual BLER

		-10		0.521898				-10		0.228781				-10		0.327541

		-9.8		0.47234				-9.8		0.211238				-9.8		2.88E-01

		-9.6		0.430478				-9.6		0.187266				-9.6		2.61E-01

		-9.4		0.397375				-9.4		0.173231				-9.4		0.236867

		-9.2		0.360159				-9.2		0.150087				-9.2		0.215593

		-9		0.328084				-9		0.132146				-9		1.97E-01

		-8.8		0.293667				-8.8		0.115162				-8.8		0.178846

		-8.6		0.266792				-8.6		0.10208				-8.6		0.157787

		-8.4		0.243546				-8.4		0.0895899				-8.4		0.141167

		-8.2		0.206589				-8.2		0.0770766				-8.2		0.123821

		-8		0.183419				-8		0.0682701				-8		0.106419

		-7.8		0.170166				-7.8		0.0594001				-7.8		0.0951791

		-7.6		0.150023				-7.6		0.0554763				-7.6		0.082698

		-7.4		0.126938				-7.4		0.0470473				-7.4		0.0720903

		-7.2		0.10871				-7.2		0.0408912				-7.2		0.0625569

		-7		0.0940134				-7		0.0327128				-7		0.0549214
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