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1 Introduction
At the last RAN2 meeting the reply LS on Uplink coverage issues was received from RAN1. RAN1 concluded that a solution for extending the LTE uplink coverage is needed ‎[1]. TTI Bundling should be introduced to enhance the uplink coverage in certain scenarios.
Three different alternatives for TTI bundling have been proposed by RAN1. They basically differ in the timing when HARQ feedback is sent and when HARQ retransmissions are sent.

In this paper we compare the three alternatives. Based on the comparison, we see our earlier proposal as the superior approach and propose to introduce it in Rel. 8.
2 Alternatives
The three alternatives can be described as follows:
Alternative 1:

· The timing relation between the last subframe in the bundle and the transmission instant of the hybrid-ARQ acknowledgement is identical to the case of no bundling.

· For the case of FDD, if the last subframe in a bundle is subframe n then the acknowledgement is transmitted in subframe n+4
· For the case of FDD, if the first subframe in a bundle is subframe k then any HARQ retransmissions begins in subframe k+2*HARQ RTT 
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Figure 1: Alternative 1 of bundling for FDD
Alternative 2:
· The timing relation between the first subframe in the bundle and the transmission instant of the hybrid-ARQ acknowledgement is identical to the case of no bundling

For the case of FDD, the hybrid-ARQ acknowledgement is obtained from decoding the first subframe only. 
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Figure 2: Alternative 2 of bundling for FDD.
Alternative 3:
· The timing relation between the last subframe in the bundle and the transmission instant of the hybrid-ARQ acknowledgement is identical to the case of no bundling.

· For the case of FDD, if the last subframe in a bundle is subframe n then the acknowledgement is transmitted in subframe n+4

· The HARQ RTT is different than for the non-bundling case to reduce delays.

· The relation between subframe number and hybrid ARQ process number is unaffected for non-bundled subframes.
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Figure 3: Alternative 3 of TTI bundling for FDD.
In principle, any of three alternatives can be introduced in the MAC spec ‎[2]. For alternative 3 we see the major disadvantage that the HARQ RTT does not fit to the normal HARQ operation, which means that it puts high demands on the scheduler. The approach wastes resources, since it is not possible to schedule other users on the same frequency resources as bundled users in order to avoid collisions. Therefore, we exclude alternative 3 already at this point of the discussion.
3 Simulation Results

We have performed simulations to compare the other two alternatives. The simulations were done for a NACK-to-ACK error probability of 10​-3. Further details on simulation assumptions can be found in the Annex.
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Figure 4: left) user satisfaction for a given delay bound of 70 ms, right) consumed TTIs per VoIP packet

The results show that for a 95% user satisfaction, alternative 1 and alternative 2 provide essentially the same performance. However, since alternative 2 is based on pre-mature feedback, a significant amount of resources are wasted for unnecessary retransmissions. This is shown in the right part of Figure 4. For example for a path-loss of 140 dB, alternative 1 requires on average 5.2 TTIs (assuming a bundle size of 4), while alternative 2 needs 8.3 TTIs.
4 Conclusion

Based on the simulation results presented in the previous section, we conclude that Alternative 1 provides a better trade-off between performance and resource consumption.
Proposal: Adopt Alternative 1 as the TTI bundling solution for LTE.

In another document ‎[3] we provide a discussion on how to introduce the TTI bundling in the MAC spec. and a corresponding text proposal. 

Furthermore, RRC has to support the configuration/reconfiguration of the TTI bundling concept.
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6 Annex: Simulation assumptions

VoIP packet model: 

· Voice is coded every 20 ms with adaptive multi-rate (AMR) codec resulting in VoIP packets of 264 bits. Every packet is assumed to have compressed IP header of 24 bits and a fixed RLC/MAC header of 28 bits resulting transport blocks of 316 bits. CRC of 24 bits added in Layer 1. Only uplink VoIP traffic, no silence periods.
Voice satisfaction:
· The delay bound for VoIP packets is 70 ms. If the delay exceeds the bound, the VoIP packet is assumed to be lost. Loss bound for satisfaction 1%.
User model:

· One user at a time with life time of 10 s. The results are averaged over 200 users. All users are located at the cell border.
Channel model:
· Typical urban with user speed 3km/h.
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