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1 Introduction

TTI bundling was extensively discussed in RAN2#62 to RAN2#65. The main aspects of TTI bundling were first agreed at RAN2#62 meeting and further refined later at RAN2 meetings. Email discussion [64b:10] tried to capture the common understanding of Rel-8 TTI bundling procedure and the issues of use of fixed and dynamic pattern for TTI bundle scheduling. Despite many discussions and many attempts of clarification, it is evident that different UE behaviours with regards to the use of dynamic pattern for TTI bundling is visible in the field. This contribution is intended to confirm the common understanding of TTI bundling operation and provides a solution for handling the different UE behaviours.  

2 Discussion

Current Rel-8 specification defines TTI bundling as follows. 

Quoted from 36.321v8.12.0 section 5.4.2.1.

 “When TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. TTI bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The HARQ feedback of a bundle is only received for the last TTI of the bundle (i.e the TTI corresponding to TTI_BUNDLE_SIZE), regardless of whether a transmission in that TTI takes place or not (e.g. when a measurement gap occurs). A retransmission of a TTI bundle is also a TTI bundle.”
The HARQ feedback timing for TTI bundling is defined in 36.213v8.8.0 section 8.0

“For FDD and subframe bundling operation, the UE shall upon detection of a PDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission in subframe n-5 intended for the UE, adjust the corresponding first PUSCH transmission in the bundle in subframe n+4 according to the PDCCH and PHICH information.”
Monitoring of PDCCH is controlled by the Active Time as defined in section 5.7 of 36.321. The UE is required to monitor and act upon the reception of PDCCH while in Active Time except for the subframe which required for uplink transmission of half-duplex FDD UE and the subframe which is a part of a configured measurement gap. Therefore, the current specification requires the UE a similar operation with regards to the monitoring of PDCCH when TTI bundling is configured or not configured. 

Observation 1: the UE is required to monitor PDCCH during TTI bundle transmission while in the Active Time. 

Support of dynamic pattern and fixed pattern for TTI bundling operation was extensively discussed during RAN2#64bis and RAN2#65 meetings. The use of dynamic pattern for TTI bundling was described as the possibility for dynamic scheduling for TTI bundling that means TTI bundle can be scheduled at any time via PDCCH in email discussion [64b:10]. The possible issues of support of dynamic pattern were further discussed in [64b:10]. Even though the alternative solutions were discussed for clarifying the UE behaviour for identified issues w.r.t dynamic pattern, no specification changes were seen necessary considering that it is already clear that UE has to act on PDCCH by default and the cases where it can’t are relatively rare for standardised solution, and some of these issues can be avoided with network implementation and some issues can be handled by different UE implementation resulting in a similar end result [1].

The following were concluded during the RAN2#65 meeting.

=>
Conclusion of discussion: Based on current understanding UE behaviour is not specified for the case if an uplink grant is indicated causing different TTI bundles to collide. This does not imply that a UE implementation can always ignore PDCCH in the case different TTI bundles collide

Minuted comments regarding the conclusion:

 -
Ericsson can accept the conclusion but expressed concern about UEs that never follow PDCCH in the colliding case, they think a UE should try to work out it the PDCCH makes sense and if so follow it (follow the PDCCH unless it is obvious that it is invalid).

-
DOCOMO share the same understanding as Ericsson. 

-
Motorola also agrees with Ericsson.

Based on the above conclusion, it is evident that the common understanding of RAN2 is that dynamic scheduling is supported for TTI bundling in Rel-8. The UE should monitor PDCCH for dynamic scheduling when TTI bundling is configured. In case of bundle collision, the UE implementation should not always ignore PDCCH. 

Proposal 1: RAN2 to confirm that dynamic scheduling is supported for TTI bundling in Rel-8 and the UE is not expected to always ignore PDCCH in case different TTI bundles collide.

Despite an attempt to clarify the UE behavior in the MAC specification with regards to the TTI bundle collision [report 65], the current specification does not specify a UE behavior for bundle collision. The TTI bundling collision recovery is left to the implementation. Moreover what is meant by TTI bundle collision may have different interpretations. Due to the un-clarity in the specification on the possible UE implementation for TTI bundle collisions, it seems that some UE implementation do not support dynamic scheduling for TTI bundling (ie, the UE ignores any PDCCH grant receive during TTI bundle (re)transmission).

The support of dynamic scheduling for TTI bundling was agreed in Rel-8 considering the scheduling flexibility and hence the efficient system resource utilization. The flexible scheduling opportunities and the efficient resource utilization are required to enhance the system capacity especially when considering high volume of UEs and VoIP services. Even though not much can be done for the UEs already in the field, we would like to make clear the use of dynamic scheduling feature is mandatory for Rel-10 UEs and later releases.

Proposal 2: RAN2 is requested to make clear that the support of dynamic scheduling for TTI bundling is mandatory for the UEs (at least Rel-10 and onwards releases).

3 Conclusions

This contribution discussed a problem seen in the field due to the different interpretation/implementation of the support of dynamic scheduling for TTI bundling. The following observation and proposals are made.

Observation 1: the UE is required to monitor PDCCH during TTI bundle transmission while in the Active Time. 

Proposal 1: RAN2 to confirm that dynamic scheduling is supported for TTI bundling in Rel-8 and the UE is not expected to always ignore PDCCH in case different TTI bundles collide.

Proposal 2: RAN2 is requested to make clear that the support of dynamic scheduling for TTI bundling is mandatory for the UEs (at least Rel-10 and onwards releases).
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