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1 Introduction

UE behaviour for TTI bundling operation introduced in Rel-8 was discussed in RAN2#82. As highlighted in [1] there seems to be different UE implementations with regards to the use of dynamic pattern for TTI bundling in the field. Due to the lack of a clearly specified UE behaviour w.r.t TTI bundle collision cases there are effectively UE implementations which don’t support dynamic scheduling of TTI bundle transmissions at all. This contribution is discussing the handling of TTI bundle collision cases and proposes a common UE behaviour supporting dynamic scheduling of TTI bundle transmissions.  

2 Discussion

TTI bundling operation in Rel-8

TTI bundling operation has been extensively discussed during Rel-8 time frame. The main discussion point was whether bundling pattern is dynamic or fixed. The use of dynamic pattern for TTI bundling provides the possibility to schedule a TTI bundle at any time via a PDCCH. In the fixed pattern case the pattern is fixed after configuration. The HARQ processes are basically linked to the TTI, i.e. each subframe is associated to a HARQ process by some formula. 
Since the dynamic pattern allows more flexibility for the scheduler and is also more in line with the non-bundling operation, it was finally agreed to support dynamic TTI bundling pattern.
Further discussions in Rel-8 took place on the handling of the error cases, i.e. collision of different TTI bundle transmission, specific to the dynamic pattern. In RAN2#65 it was finally concluded that UE behaviour is not specified for the case that an uplink grant is received causing different TTI bundles to collide. The reasoning behind this decision was that collisions were assumed to happen only very rarely. Essentially the assumption was that eNB would not intentionally schedule such that transmissions of different TTI bundles would collide, e.g. if eNB intends to shift the transmission timing of a certain HARQ process, eNB waits until the buffers of the affected HARQ processes are flushed. The term affected HARQ process denotes those HARQ processes whose transmission timing is overlapping with the transmission timing of the “shifted” HARQ process. Given this assumed eNB behaviour TTI bundle collisions will only happen in case of false uplink grants which should occur only fairly rarely.
Problems with current UE implementations
As indicated in [1], there seems to be UE implementations in the field which don’t support dynamic TTI bundling pattern operation. Essentially every PDCCH which is not aligned with the current used bundling pattern is ignored. Once the timing of the TTI bundling pattern is determined according to the first UL grant received after TTI bundling configuration, eNB has no possibility to change the transmission timing of a HARQ process afterwards other than reconfiguring the TTI bundling operation by RRC reconfiguration procedure.

In our understanding the main reason for the different UE implementations is that there are different interpretations on what is considered as a TTI bundle collision (error case). In other words companies have a different understanding on whether an UL grant that is not time aligned with the previous transmission of the corresponding HARQ process is considered as an error case or as a PDCCH intentionally sent by eNB in order to adjust the transmission timing of a HARQ process/TTI bundle. Those UE implementations which doesn’t support dynamic scheduling of TTI bundles consider every PDCCHs which are not time aligned with the previous transmission of the corresponding HARQ process as an false uplink grant regardless of whether the buffer of the colliding HARQ process is empty or not. 


UE behaviour for TTI bundling operation in Rel-11 
Given that there are currently different UE implementations w.r.t to the support of dynamic TTI bundling pattern even though this was already agreed in Rel-8 for scheduling flexibility and hence efficient system resource utilization reasons we propose to introduce a common UE behavior in the specification for later releases. In our opinion it is sufficient to have this common UE behavior from Rel-11 onwards.

In the following we discuss the UE behavior for Rel-11 in more detail.

In order to ensure that eNB can dynamically change the transmission timing of a HARQ process/ TTI bundle, UE should follow always a received PDCCH (unless consistent control information is not detected as specified in [2]) even for cases where the PDCCH timing is not aligned with the previous transmission of the corresponding HARQ process, i.e. referred to as a “shifting PDCCH” in the following. However one crucial point here is that there needs to be a clear rule which unambiguously associates a received UL grant to an HARQ process in order to ensure a correct NDI comparison operation when the transmission timing of a TTI bundle is changed. In other words UE and eNB need to have the same understanding for which HARQ process/TTI bundle the transmission timing is adjusted in order to ensure a correct HARQ protocol operation. 
One simple rule could be to define a time period of a specific length for each HARQ process and associate every PDCCH which is received during this time period to the corresponding HARQ process. For example the time period, which is also denoted as PDCCH-window in the figure below, could start 9 subframes after the last TTI of the previous bundle transmission opportunity for this HARQ process and last for four subframes. This simple rule would unambiguously associate a received UL grant to the respective HARQ process/ TTI bundle and allow for a correct HARQ protocol operation. Essentially UE would compare the NDI value of a received “shifting PDCCH” with the NDI value stored for the associated HARQ process in order to determine whether a retransmission or new transmission should be done at the new transmission timing. This allows continuing the HARQ protocol operation when changing the transmission timing of the TTI bundles.

The figure below illustrates some exemplary UE behaviour supporting the dynamic scheduling of bundling pattern.
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According to the figure UE receives in subframe 15 an UL grant associated to Bundle/Process D. UE acts upon this PDCCH, stores the signalled NDI value and adjusts the corresponding PUSCH transmissions in the bundle starting in subframe 19 according to the received PDCCH in subframe 15. Since UE receives another PDCCH in subframe 17 which is according to the rule also associated to HARQ process/bundle D, UE will compare the received NDI value in the “shifting PDCCH” with the NDI value stored for HARQ process D and generate a retransmission or new transmission accordingly. The transmission of the shifted Bundle starts at subframe 21, i.e., 4ms after receiption of “shifting PDCCH”. 
According to the exemplary UE behaviour shown in the figure upon reception of a PDCCH changing the transmission timing of a HARQ process bundle, also the timing of the other HARQ processes is changed implicitly. Essentially there is a fixed TTI bundle pattern, however with the possibility to dynamically schedule the timing of the TTI bundle boundaries. The advantage of the fixed pattern is that no collision among different TTI bundles can occur. 
In case a PDCCH would only affect the transmission timing of one HARQ process and the timing of the other HARQ processes/TTI bundles is kept untouched, eNB needs to take care that no collision of transmission from different TTI bundles/HARQ process occur.

Since the behavior shown in the figure with a fixed TTI bundle pattern still offers the flexibility for scheduling while avoiding collisions among bundles we would slightly prefer such an approach. 
Proposal: It’s proposed to specify UE behaviour for TTI bundling supporting the possibility to adjust the transmission timing of TTI bundles for Rel-11.  
3 Conclusions

This contribution discussed UE behaviour for TTI bundling operation in particular the support of dynamic shifting of TTI bundling transmission timing. It’s proposed to agree on the following:

Proposal: It’s proposed to specify UE behaviour for TTI bundling supporting the possibility to adjust the transmission timing of TTI bundles for Rel-11
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