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1 Introduction 

In RAN1#74bis, it was agreed to have further discussion on the TTI bundling enhancement for TDD:
Further discussion until RAN1#75, focusing on:

· Whether or not further enhancement for Configurations #0, #1, #6 is necessary

· Especially with respect to coverage gain

· If so, details
· Whether or not coverage enhancement for Configurations #2, #3, #4, #5 is necessary

· If so, details
In this contribution, we provide analysis on the necessity of TTI bundling enhancement for each configuration.

2 Discussion
2.1 Configuration #0
With the existing 4-TTI bundling scheme, the scheduling/HARQ timing for 3 HARQ processes for TDD configuration 0 is shown in Figure 1. There are a total of 12 UL subframes within 20 ms. For each HARQ process, 3 transmissions would give each VoIP packet 12 TTIs, reaching the maximum of UL subframes available. The transmission times for the VoIP packet in each HARQ process using 3 transmissions are 52ms, 52ms, and 54ms, respectively. If we allow a slight relaxation in the delay budget, from 52ms for FDD to 54ms, no further enhancement would be needed. A 2ms relaxation in delay would not make any meaningful difference in voice quality.
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Figure 1 Scheduling/HARQ timing for TDD configuration 0 with 4-TTI bundling (G - UL grant; H - HARQ-ACK on PHICH)
2.2 Configuration #1

With the existing 4-TTI bundling scheme, the scheduling/HARQ timing for 2 HARQ processes for TDD configuration 1 is shown in Figure 2. There are a total of 8 UL subframes within 20 ms. For each VoIP packet, 2 transmissions would use up the available 8 UL subframes, which takes 27ms, within the 50 ms delay budget. Therefore, no additional enhancement is needed.
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Figure 2 Scheduling/HARQ timing for TDD configuration 1 with 4-TTI bundling (G - UL grant; H - HARQ-ACK on PHICH)
2.3 Configuration #2
TDD configuration #2 does not support TTI bundling currently. The scheduling/HARQ timing for 2 HARQ processes for TDD configuration 2 is shown in Figure 3. There are a total of 4 UL subframes within 20 ms. For each VoIP packet, 4 transmissions would use up the available 4 UL subframes, which takes 31ms, within the 50 ms delay budget. Therefore, no additional enhancement is needed.
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Figure 3 Scheduling/HARQ timing for TDD configuration 2 (G - UL grant; H - HARQ-ACK on PHICH)
2.4 Configuration #3

TDD configuration #3 does not support TTI bundling currently. The scheduling/HARQ timing for 3 HARQ processes for TDD configuration 3 is shown in Figure 4. There are a total of 6 UL subframes within 20 ms. For each VoIP packet, 6 transmissions would use up the available 6 UL subframes, which takes 51ms. If we allow similar delay budget relaxation as for FDD, no additional enhancement is needed.
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Figure 4 Scheduling/HARQ timing for TDD configuration 2 (G - UL grant; H - HARQ-ACK on PHICH)
2.5 Configuration #4

TDD configuration #4 does not support TTI bundling currently. The scheduling/HARQ timing for 3 HARQ processes for TDD configuration 4 is shown in Figure 5. There are a total of 4 UL subframes within 20 ms. For each VoIP packet, 4 transmissions would use up the available 4 UL subframes, which takes 31ms, within the 50 ms delay budget. Therefore, no additional enhancement is needed.
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Figure 5 Scheduling/HARQ timing for TDD configuration 2 (G - UL grant; H - HARQ-ACK on PHICH)
2.6 Configuration #5

TDD configuration #5 does not support TTI bundling currently. The scheduling/HARQ timing for the 1 HARQ process for TDD configuration 5 is shown in Figure 6. There are a total of 2 UL subframes within 20 ms. For each VoIP packet, 2 transmissions would use up the available 2 UL subframes, which takes 11ms, within the 50 ms delay budget. Therefore, no additional enhancement is needed.
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Figure 6 Scheduling/HARQ timing for TDD configuration 2 (G - UL grant; H - HARQ-ACK on PHICH)
2.7 Configuration #6

With the existing 4-TTI bundling scheme, the scheduling/HARQ timing for 3 HARQ processes for TDD configuration 6 is shown in Figure 7. There are a total of 10 UL subframes within 20 ms. For each HARQ process, 3 transmissions would give each VoIP packet 12 TTIs. Although this is more than the 10 UL subframes, it is not considered a problem because not every VoIP packet would take 3 transmissions. The transmission time for the VoIP packet in each HARQ process using 3 transmissions is 53ms, 56ms, and 56ms, respectively. If we allow slight relaxation in the delay budget, from 52ms for FDD to 56ms, no further enhancement would be needed. A 4ms relaxation in delay would not make any meaningful difference in voice quality.
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Figure 7 Scheduling/HARQ timing for TDD configuration 6 with 4-TTI bundling (G - UL grant; H - HARQ-ACK on PHICH)
3 Conclusions
In summary,

· For TDD configurations 1/2/4/5, there is no need for TTI bundling enhancement.

· For TDD configurations 0/3/6, if we allow a slight relaxation in delay budget to 54/51/56 ms respectively, there is no need for TTI bundling enhancement. The relaxation would not have any meaningful impact on voice quality.
In view of this analysis for each TDD configuration, we propose:

Proposal: No TTI bundling enhancement is introduced for TDD.
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