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1. Introduction
The discussion on coverage enhancements was concluded with the following [1][2]:

Next step of SI until RAN1#69

Further investigate the details of TTI bundling enhancements for UL VoIP and medium data rate PUSCH, and the investigation should at least consider:

· Standard impact

· Analysis of network impacts e.g. VoIP capacity, identification of the scenarios in which the enhancements are useful (system level simulations are not mandatory)

· Latency
· Max around 50 ms for VoIP

· For medium data rate, proponent should provide latency target assumption or statistics for their simulations
In this contribution we study another aspect related to TTI bundling enhancements – frequency domain PRB locations on top of the previous study [3]. 
2. TTI Bundling Enhancements for VoIP
2.1 Time domain TTI bundling enhancements

Various time domain TTI bundling enhancements were proposed, summarized as in Fig. 1.
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 (a) Examples of 20-TTI bundling
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(b) An example of 10-TTI bundling
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(c) Examples of 4-TTI bundling with reduced round trip time (RTT)

Figure 1 Time domain TTI bundling enhancements
With Rel-8 frequency hopping type 2, Nsb = 1, inter and intra subframe, we compare the link performance of VoIP for EPA channel, operating at 2.6 GHz, with speed of 3 km/h. The channel estimation is non-ideal. The performance is compared at 2% rBLER. The delay budget is round 50 ms. The results are shown in Fig. 2. The best performance is seen in RTT=12 ms of maximum 5 HARQ transmissions, -3.85 dB at 2% rBLER. Compared to Rel-8 reference performance (-3.45 dB at 2% rBLER), the gain is about 0.4 dB. Rel-8 performance benchmark is determined by the procedure shown in Appendix.
[image: image6.emf]-6 -5 -4 -3 -2 -1 0

10

-4

10

-3

10

-2

10

-1

10

0

SNR(dB) 

rBLER

 

 

No TTI Bundling

BundlingSize = 4, RTT = 16ms, HARQMaxTxNum = 4 (R8 TTI Bundling)

BundlingSize = 4, RTT = 8ms, HARQMaxTxNum = 5

BundlingSize = 4, RTT = 12ms, HARQMaxTxNum = 5

BundlingSize = 20 (a)

BundlingSize = 20 (b)

BundlingSize = 10, RTT = 30ms, HARQMaxTxNum = 2


Figure 2 Performance comparison of time domain TTI bundling enhancements, frequency hopping type 2, inter and intra subframe.

2.2 Frequency domain TTI bundling enhancements

Frequency diversity plays crucial role in improving BLER performance of VoIP in coverage limited scenario. To further enhance the coverage in TTI bundling, we study alternative hopping patterns that are different from Rel-8 hopping modes. Fig. 3 illustrates two examples. In the so called “type 3 inter” mode, PRB resources remain the same within the bundled TTIs and hop to another frequency region during HARQ retransmissions. In the so called “type 3 intra” mode, PRB resources in the first two subframes of the bundled TTIs are the same, and in the last two subframes are the same. All of them hop around during HARQ retransmissions. 
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Figure 3 Alternative hopping patterns in TTI bundling.

The hopping patterns in Fig. 3 offer the tradeoff between channel estimation accuracy and frequency diversity. Their rBLER performance is shown in Fig. 4.
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Figure 4 rBLER performance with alternative hopping patterns in 4-TTI bundling.

In Fig. 4, “hopping pattern 1” and “hopping pattern 2” are “type 3 inter” and “type 3 intra” in Fig. 3, respectively. It is observed that the required SNR is about -4.38 dB and -4.3 dB. Compared to Rel-8 reference (-3.45 dB), the gain is almost 1 dB.

3. Conclusions
We in this contribution studied the frequency domain enhancements of TTI bundling, e.g., alternative frequency hopping patterns, to further improve the coverage performance of VoIP. Our proposal is:
· To consider new frequency hopping patterns to further enhance TTI bundling performance.
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Appendix
Table A1 Key assumptions of link level simulations to determine Rel-8 reference
	Duplex
	LTE FDD

	Bandwidth
	10M

	CP  type
	Normal CP

	Carrier frequency
	2.6 GHz

	Channel model
	EPA,

	UE speed
	3km/h

	Channel estimation 
	Real channel estimation

	Traffic Type
	AMR 12.2Kbps

	Ant. Config.
	1Tx   2Rx

	Polarization
	Same Polarization

	Link adaption
	No

	MCS level
	Fixed Level 7

	Resource allocation
	Fixed 3RBs

	HARQ mechanism
	Synchronized

	HARQ feedback
	Ideal, No Error.

	rBLER
	2%

	Receiver Type
	LMMSE
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Figure A1 Rel-8 VoIP TTI bundling rBLER performance with different Rel-8 hopping patterns.
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