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1
Introduction
TTI bundling was introduced to extend uplink VoIP coverage in E-UTRAN. Although initially agreed for FDD [1], TTI bundling was also adopted for TDD by RAN1 [2]:
In summary, RAN1 would like to provide the following guidance’s regarding TTI bundling for TDD:

-
TTI bundling also for TDD

-
UL/DL configurations 0, 1 and 6 should be applicable for TTI bundling for TDD

-
Fixed bundle size of 4 TTI’s
In addition, Semi-Persistent Scheduling (SPS) has been agreed as a scheduling option to reduce PDCCH control signalling consumptions by periodically reserving physical resources for initial transmission. The combination of TTI bundling with SPS could help to reduce the signalling overhead for cell edge users and has been discussed during email discussion after RAN2#62 [3]. The possibility of using TTI bundling with SPS was analyzed in [4] and the conclusion is to allow combination of TTI Bundling and SPS for FDD. In this document, the combination of TTI bundling with SPS for the selected TDD configurations is discussed. 
2
SPS+TTI bundling for TDD
2.1
Necessity

The main motivation to introduce TTI bundling is to enhance VoIP coverage in uplink. In addition, TTI bundling also reduces the signalling. With only one PDCCH and one feedback needed for one bundled uplink transmission, TTI bundling can reduce the signalling overhead to 1/4 compared with L2 packet segmentation. When compared with normal transmissions, the reduction of consumed PDCCH is also significant when the number of total transmitted TTIs is the same for normal users and bundled users. As to SPS, its only target is to reduce signalling overhead. So is there a necessity to combine TTI bundling and SPS to further reduce the signalling overhead for cell edge users in TDD?
It is true that more CCEs will be consumed to support one PDCCH for cell edge users. However, when cell edge users are configured with TTI bundling, the number of used PDCCH is already significantly reduced even with dynamic scheduling. It can be reduced even further with non-adaptive retransmissions. Moreover, according to our simulation, when VoIP capacity reaches its maximum, the proportion of users that require TTI bundling is only about 10~20% [5]. Even though applying SPS to those users could help to reduce the PDCCH usage a little further, the overall gain for the cell seems marginal as already a large portion is achieved by using TTI bundling and non-adaptive retransmissions.
Observation 1: compared to TTI bundling alone, the gain achieved in PDCCH usage saving by the combination of TTI bundling and SPS is questionable.

2.2
Complexity
Unlike for FDD, a single periodicity for SPS is not suitable for TDD configuration 0 and 6 when configured with TTI bundling. Figure 1 below depicts what happens when SPS and TTI bundling are combined on TDD configuration 6 for VoIP. Three allocation cases are shown: periodicity of 20, 25 and 31ms. For all cases, we can see that a single periodicity is not enough to avoid collisions with DL subframes (see ② in the figure) or ensure that the first occurrence of a bundled process is always used to start a transmission (see ① in the figure). Thus if we want to combine TTI bundling and SPS for TDD, especially for configuration 0 and 6, multi-periodicity configurations should be defined for periodicity originally agreed for FDD.
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Figure 1 problem when combined TTI Bundling with conventional SPS
Observation 2: in order to support the combination of TTI bundling and TDD, multi-periodicity configurations should be defined for each periodicity originally agreed for FDD.
3
Conclusion
Two observations were made with respect to the combination of TTI bundling and SPS for TDD:

Observation 1: compared to TTI bundling alone, the gain achieved in PDCCH usage saving by the combination of TTI bundling and SPS compared is questionable.

Observation 2: in order to support the combination of TTI bundling and TDD, multi-periodicity configurations should be defined for each periodicity originally agreed for FDD.

In summary, the complexity increase does not seem to be justified, especially considering the time plan of Rel-8.

Proposal: do not consider the combination of TTI bundling and SPS for TDD in Rel-8.
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