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1 Introduction

Concerns of whether or not to use SPS (Semi-persistent scheduling) combined with TTI bundling were raised during the email discussion after RAN2#62 ([62_LTE_C05] Semi persistent scheduling, remaining issues). This document addresses this issue.
2 Discussion
The main use of SPS is to save PDCCH resources, and the main use of TTI bundling is to improve UL coverage and reduce L2 segmentation overhead together with less PDCCH signalling. When TTI bundling is used, the amount of needed PDCCH resources is already drastically reduced. This is the main point of not to support the combination of SPS and TTI bundling, it also helps to reduce the complexity. However, the control overhead is still high for TTI bundling without SPS because PDCCH exists for each initial transmission, as has been pointed out in the email discussion. There are still benefits to use them simultaneously from the PDCCH signalling overhead point of view.
TTI bundling is especially useful to enhance the uplink coverage for VoIP traffic because the portion of L2 segmentation overhead is significant for VoIP packets if TTI bundling is not used. Since the VoIP traffic is typically scheduled by persistent resources, it seems to be natural behaviour to use SPS with TTI bundling at cell edge. Otherwise if the SPS is on going, either TTI bundling could not be turned on, or SPS resources have to be released and rely on dynamic scheduling with TTI bundling. Both solutions will result in more PDCCH signalling overhead. It will also impact other radio bearers since the TTI bundling is used for all radio bearers when turned on.
An issue to be considered is the retransmission opportunities for the whole bundle between two persistent occasions if SPS with TTI bundling is allowed. Take VoIP traffic in FDD for example, only 1 retransmission is possible since the retransmission takes place at FIRST Bundled Subframe + 2*8ms HARQ RTT. This issue is handled in another on going discussion of “HARQ association for DL”, similar approach such as reserving some dedicated HARQ processes for SPS could be adopted. On the other hand, much number of retransmissions for the whole bundle may not be needed actually.
Proposal 1: To allow the combination of SPS and TTI bundling.

Usually the persistent resources are defined for one subframe at each SPS occasion. If SPS with TTI bundling is enabled, and SPS has been configured when TTI bundling is turned on, two options are possible:
Option 1: The persistent resources are not reconfigured for the whole TTI bundling operation. That is, not to use PDCCH signalling to reallocate persistent resources for all the subframes within the bundle with one grant. Previously configured persistent resources are still valid. In this approach, the pre-defined resources could be used for initial transmission by the first subframe within the bundle, and non-adaptive retransmissions could be invoked consecutively without the need of feedback for the other subframes within the bundle. In figure 1, initial transmission of RV=0 will be transmitted with persistent resources in the first subframe within the bundle, non-adaptive retransmissions of RV=1 and RV=2 will be performed in the other 2 subframes within the bundle. This option also conforms to the decision in RAN2#60, which is “when the UE does not receive a grant on PDCCH and a retransmission has to be performed, the UE will use the same resources as used for the previous transmission (excluding any preconfigured hopping)”. Collision probabilities may be higher for this approach because there may exist persistent resources configured for other UEs at the occasions within the bundle. This issue may be resolved by carefully avoid allocating such occasions among UEs when initially configure the persistent resources if the TTI bundling may be expected. Option 1 is simple; another benefit is its reliability since no additional PDCCH signalling is needed.
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Figure 1: Alternative 1 of bundling for FDD.

Option 2: Reconfigure persistent resources for the whole TTI bundling operation. When TTI bundling is turned on, new PDCCH signalling to reconfigure persistent resources for the whole bundle usage with one grant is needed. The PDCCH signalling of SPS reconfiguration could be seen as the synchronisation indication between eNB and UE for TTI bundling operation. This is the same approach as that of dynamic scheduling to grant all required resources for the entire bundle. Collision probabilities are lower compared to option 1 since the resources are reconfigured to avoid collisions. Option 2 may be more consistent with the concept of TTI bundling in dynamic scheduling.
Either of the two options or both could be adopted, we have no strong opinion of preference. If only option 1 is selected, the UE will always behave as described in option 1 after TTI bundling is turned on by RRC signalling. If only option 2 is selected, the UE will have to wait for SPS reconfiguration signalling to start with TTI bundling operation. If both options are permitted, the UE could assume option 1 as the base line if no SPS reconfiguration signalling on PDCCH is detected. The UE will then act as option 2 if persistent resources are reconfigured for the whole bundle. 
Persistent resources could also be reconfigured for only one subframe at each SPS occasion if option 1 is allowed. The UE could use the reconfigured resource for the first subframe within the bundle, and use non-adaptive retransmissions for the other subframes within the bundle.
Regardless which solution described above is adopted, the UE behaviour should be clarified in the specification. To allow both options is the working assumption for proposal 2.

Proposal 2: If TTI bundling is turned on while SPS is on going, the UE assumes that the predefined resources are still valid for the initial transmission of the first subframe within the bundle, and the other subframes within the bundle perform non-adaptive retransmissions without feedback. The above behaviour lasts until persistent resources are reconfigured for the entire bundle.
3 Conclusion
In this contribution, UE behaviour for SPS with TTI bundling is discussed. It is proposed that:
Proposal 1: To allow the combination of SPS and TTI bundling.
Proposal 2: If TTI bundling is turned on while SPS is on going, the UE assumes that the predefined resources are still valid for the initial transmission of the first subframe within the bundle, and the other subframes within the bundle perform non-adaptive retransmissions without feedback. The above behaviour lasts until persistent resources are reconfigured for the entire bundle.
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