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1. Introduction
The working description on LTE coverage enhancements WI in [1] was agreed as follows:

· Specify necessary TTI bundling enhancements to improve coverage for medium data rate PUSCH

· Identify and specify necessary TTI bundling enhancements to improve coverage for uplink VoIP

· Determine whether TTI bundling should be extended to more TDD UL-DL configurations
· Specify the necessary L2 protocols to support the identified coverage enhancements

Enhanced TTI bundling solutions for UL VoIP are reviewed and corresponding link level performances are evaluated and recommendations on TTI bundling enhancements for UL VoIP are provided.
2. TTI Bundling Enhancements for UL VoIP
Typical TTI bundling enhancements for UL VoIP were proposed in earlier discussion. Those can be summarized as shown in Figure 1.
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(a) TTI bundling with 12ms HARQ RTT
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(b) TTI bundling with bundling size 20TTIs
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(c) TTI bundling with bundling size 10TTIs

[image: image4.emf]20ms 40ms 60ms 0ms


(d) TTI bundling with bundling size 8TTIs
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(e) 5TTI bundling with 4 transmissions, RTT time is 15ms
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(f) Flexible bundling size
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(g) Bundling size 20TTIs with time interleaved
Figure 1 Typical enhanced TTI bundling solutions
With simulation assumptions listed in Appendix, link level performances of Rel-8 TTI bundling and various enhanced TTI bundling solutions in Figure 1 are evaluated. The delay budget used is 52ms. The preferable performances can be seen in “TTI bundling with 12ms HARQ RTT”, “5TTI bundling with 4 transmissions and 15ms RTT time” and “Flexible bundling size”, -0.86dB, -0.90dB and -0.97dB at 2% rBLER.
Compared with Rel-8 TTI bundling performance (-0.45dB at 2% rBLER), the gains are 0.41dB, 0.45dB and 0.52dB respectively.
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Figure 2 Link level performances of enhanced TTI bundling solutions
(a) TTI bundling with 12ms HARQ RTT
Compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms), significant gain is observed. New number of HARQ processes should be defined for standardization. The option will impact HARQ timing. Scheduler implementation needs to handle multiple different RTTs for different users.
(b) TTI bundling with bundling size 20TTIs
No gain can be obtained due to the limitation of time span or diversity, compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms). The option will also impact the bundling definition and scheduler implementation.
(c) TTI bundling with bundling size 10TTIs
Little gain can be obtained due to the limitation of time span or diversity, compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms). The option will also impact the bundling definition and HARQ timing. Scheduler implementation needs to handle multiple different RTTs for different users, and needs to consider resource utilization for users with different bundling sizes.
(d) TTI bundling with bundling size 8TTIs
Significant gain is expected. Allowing maximum 24 TTIs for one VoIP packet, it does not match with VoIP packet arriving interval of 20 TTIs. This will introduce higher layer change. One additional bundle size and new number of HARQ processes should be defined for standardization. The option will also impact the bundling definition, HARQ timing. Scheduler implementation needs to consider resource utilization for users with different bundling sizes.
(e) 5TTI bundling with 4 transmissions, RTT time is 15ms
Significant gain can be obtained compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms). The maximum allowed delay is 50ms and well fit the requirement of L1 latency. One additional bundle size and new number of HARQ processes should be defined for standardization. The option will also impact the bundling definition, HARQ timing. Scheduler implementation needs to handle multiple different RTTs for different users, and needs to consider resource utilization for users with different bundling sizes.
(f) Flexible bundling size
Significant gain can be obtained compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms). Enhanced bundling solution should be introduced. Flexible bundle sizes and new number of HARQ processes should be defined for standardization. Scheduler implementation needs to consider resource utilization for users with different bundling sizes.
(g) Bundling size 20TTIs with time interleaved
No gain can be obtained due to the limitation of time span or diversity, compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms). The option will also impact the bundling definition and scheduler implementation.
The pros and cons for each schemes should be consider together with performance gain. In general, the standard impacts of most schemes are small in both L1 and higher layer, except those require modification on packet arrival rate. For new bundling sizes, there will be slightly impact on choosing a bundle size different to Rel-8. The channel estimator should take into account more TTIs. But this can be simply extended from Rel-8 bundling. The RTT reduction is limited by network delay budget. However, as RTT - bundle size >= 8 ms budget for normal transmission, no earlier feedback is needed. Regarding the compatibility issue of Rel-8 bundling and enhanced bundling, network are preferred to only support enhanced bundling if needed. Note that Rel-8 TTI bundling is in FGI and not be fully tested.
More evaluation needs to be provided for the solution using PUCCH format-3 structure. Corresponding standardization impact and implementation complexity will be increased. New receiver algorithm and channel and interference estimation will be required in eNodeB side. The corresponding requirements need to be defined for this channel. Cell planning of format-3 sequences need to be considered when we introducing this scheme. Careful planning of format-3 sequence will gain from orthogonality of different cells.
3. Conclusions
We prefer to consider the solutions with significant gain for UL VoIP. It is recommended to give higher priority to solutions with higher gain and low standard impact, e.g. TTI bundling with 12ms HARQ RTT (a), 5TTI bundling with 4 transmissions (e), and flexible bundling size (f). Those schemes have very low scheduler complexity, considering network can choose to minimize the enabled bundle modes. Note that the application scenario is mostly in the case that network has not been sufficiently densified, turning on one bundling mode is sufficient. 
In addition, taking into account of cross-subframes channel estimation, the enhanced frequency hopping for TTI bundling should be considered to further explore the frequency diversity of bundling mode.
In this contribution, we evaluated and analyzed typical enhanced TTI bundling solutions to improve the coverage for UL VoIP. With the above observation and analysis we propose: 
· The enhanced TTI bundling solution for UL VoIP is based on the selection from the following candidates: TTI bundling with 12ms HARQ RTT, 5TTI bundling with 4 transmissions, and flexible bundling size.
· On top of the based scheme, other enhancement can be introduced with additional benefits.
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Appendix
Table 1 Link level simulation assumptions
	Duplex
	LTE FDD

	Bandwidth
	10M

	CP  type
	Normal CP

	Carrier frequency
	2.6GHz

	Channel scenario
	EPA, 3km/h

	Channel estimation
	Real estimation

	Traffic type
	AMR 12.2kbps

	Antenna configuration
	1Tx, 2Rx

	Polarization
	Same polarization

	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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