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1. Introduction

It has been decided ‎[1] that uplink TTI bundling of four TTI’s shall be supported for LTE FDD and be based on the Alternative 1 solution described in ‎[2]. For LTE TDD, it still remains to decide whether uplink TTI bundling should be introduced or not and in the LS from RAN2 ‎[1] the following two questions are addressed to RAN1:

1. If TTI bundling is required
2. If required, for which uplink-downlink configurations
As uplink TTI bundling represents a mechanism to efficiently improve coverage and since coverage is still of high importance irrespective of duplex modes, it should also be introduced for LTE TDD given that it can provide significant gain with respect to segmentation.
This contribution evaluates, by link simulations, the potential uplink coverage gains by introducing uplink TTI bundling also for TDD. Comparisons are done versus no bundling and segmentation. Based on the presented results, we also conclude on which uplink-downlink configurations TTI bundling should be introduced.
2. Constraints and trade-offs
When consider TTI bundling for time critical services like VoIP, some delay constraints need to be taken into account in the evaluation such as
· Average TTI usage

· For VoIP packets arriving every 20 ms, the average TTI usage must fit the number of available uplinks TTI’s within this time period 
· Available number of UL subframes within a delay budget

· For VoIP, a delay budget of around 70 ms might be acceptable

In addition to this, there is also a trade-off between TTI bundle size and number of bundled HARQ processes: Large bundle sizes improve the detection of VoIP packets as well as reduce the PHICH signaling, but also reduce the number of available bundle HARQ processes.
3. Simulation conditions and results
The uplink TTI bundling for TDD will here be evaluated for the uplink-downlink configuration 1, i.e. for a DL:UL ratio of 3:2. For this configuration, the HARQ RTT is 10 ms and 8 TTI’s can be used in average for one VoIP packet given that a new packet arrives every 20ms. The simulations have been conducted under the following conditions: Bandwidth of one RB allocated, frequency hopping and NACK(ACK error rate of 1e-3 on PHICH. Maximum delay budget for the VoIP packet is set to 70 ms.

TTI bundling over 4 TTI’s is considered given the following constraints on maximum TTI’s per VoIP packet:
· max 8 TTI’s (i.e. at most 2 bundles  per VoIP packet can be used)
· max 12 TTI’s (i.e. at most 3 bundles  per VoIP packet can be used)

· max 16 TTI’s (i.e. at most 4 bundles  per VoIP packet can be used)

It is evident that all VoIP packets can neither use 12 TTI’s nor 16 TTI’s, since in average only 8 TTI are available for each VoIP packet for the considered UL-DL configuration.
The TTI bundling is compared with segmentation of 2 segments as well as with no segmentation. For an HARQ RTT of 10 ms and delay budget of 70 ms, maximum 7 TTI’s per segment can be used. (The 2 first A/N are ignored by the UE in the case of segmentation).
From Figure 1 it can be observed that TTI bundling clearly outperforms segmentation when allowing up to 16 TTI’s per VoIP packet for which a BLER of 1% can be achieved at SNR of -3 dB, to be compared with the -1.5 dB required for segmentation at the same BLER level. For TTI bundling with max 12 TTI’s, the difference with respect to segmentation is around 0.5 dB.
From Figure 2 we conclude that the TTI usage at SNR of -3 dB, in the case of TTI bundling with max 16 TTI’s, is in average around 8 TTI’s. The required resources for segmentation are at -1.5 dB (1% BLER) around 7 TTI’s but as can be observed from this figure it is always higher than the average TTI usage for bundling. Furthermore, it can be noticed that at -1.5 dB SNR, TDD TTI bundling achieves a BLER of around 0.1% and requires in average only 6 TTI’s.
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Figure 1 Detection performance
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Figure 2  Average TTI usage for the TDD bundling cases vs. segmentation (blue) and no segmentation (red)
4. Conclusions

The simulation results shown in this contribution indicates that bundling with size of 4 TTI’s outperforms segmentation when there is a possibility to re-transmit 16 TTI’s. Based on this observation, any UL-DL configuration to be considered as candidates for TTI bundling then needs to support 3 bundle re-transmissions within the delay budget. Given that 70 ms is an acceptable delay budget for voice, the UL-DL configurations that can fulfill this re-transmission requirement are 0, 1 and 6.

Thus, a reply to RAN2 should indicate that TTI bundling is required as it has a substantial advantage over segmentation on the uplink coverage also for LTE TDD, and that it should be introduced for the UL-DL configurations 0, 1 and 6.
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