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1 Introduction

UE behaviour for TTI bundling operation introduced in Rel-8 was discussed in RAN2#83. 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. Therefore it was agreed in RAN2#83bis that for Rel-8/9/10 the UE behavior is not specified for the case that network tries to change the UL bundling timing if data is still in HARQ buffer. Essentially a sensible eNB has to assume a fixed TTI bundling pattern and needs to wait until all HARQ buffers are empty before changing the timing of the bundling boundaries. This contribution is discussing the support of dynamic scheduling of TTI bundle transmissions for Rel-11.  

2 Discussion

TTI bundling operation for Rel-8/9/10
TTI bundling operation has been discussed during RAN2#83 meeting. During the discussion it turned out 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. 
As a consequence there are UE implementations in the field which don’t support dynamic TTI bundling pattern operation, i.e. every PDCCH which is not aligned with the current used bundling pattern is ignored.
Therefore it was agreed that for Rel-8/9/10 the UE behavior is unclearly specified if network tries to change the UL bundling timing if the data is still in HARQ buffer. In order to be on the safe side eNB should assume a fixed TTI bundling pattern determined by the first UL resource allocation received after TTI bundling configuration. In order to change the timing of the bundling pattern eNB needs to wait until all HARQ buffers are empty.
The corresponding UE behaviour is illustrated in the following figure [1]


[image: image1.emf]1

st

UL allocationafter TTI 

bundlinghas been configured

all UL HARQ buffer are empty

TTI Bundling Pattern is 

established

TTI bundling Pattern is 

released

1

st

Received UL allocation

when all UL buffers strempty

TTI bundling pattern is 

reestablished

UE behaviour for TTI bundling operation in Rel-11 
In RAN2#83bis it was agreed to discuss further optimizations for the UE behaviour w.r.t. TTI bundling for Rel-11, i.e. whether to support dynamic scheduling of TTI bundling. 
As already discussed during Rel-8 one possible approach, which is also favored by some network vendors, is to allow that multiple TTI bundling pattern can be established as long as they do not collide with each other. Essentially each HARQ process/bundle can be scheduled independently. This approach would provide the most scheduling flexibility to the ENB. The following figure exemplifies the dynamic scheduling of TTI bundling.
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The proclaimed benefit of this dynamic TTI bundling approach compared to the fixed pattern approach is that eNB can schedule a bundled UL transmission without any timing restrictions, i.e. eNB doesn’t need to wait until the next UL grant opportunity according to the pattern. However this advantage in terms of delay would be on average only 2ms, which is not really significant according to our understanding. 
Furthermore in order to maximize the capacity respectively uplink resource utilization when many UEs are configured with TTI bundling, it’s more efficient for eNB to apply a common TTI bundling pattern for multiple UEs. Otherwise, PRBs used for TTI bundling would be fragmented in time domain which makes some resource unusable. 
In light of those aspects we don’t think that dynamic changes per TTI bundle/HARQ process shown in the figure above is necessary.
Proposal1: dynamic changes per TTI bundle/HARQ process are not supported for Rel-11

On the other hand one drawback of the fixed pattern approach which was already addressed during RAN2#83bis discussions is that eNB needs to wait until all HARQ buffers are empty before being able to adjusting the timing of the bundling pattern. Depending on the configured value for the maximum number of HARQ transmissions, this could involve some considerable delay. In order to avoid the delay when changing the timing of the bundling pattern some smaller optimizations could be considered for the fixed pattern approach which are discussed in the following.

One simple option would be that UE follows always a received UL grant. In case that the timing of the received PDCCH is not aligned with the current used TTI bundling pattern, the UE will flush all UL HARQ buffers and reset the TTI bundling operation. UE applies a new TTI bundling pattern according to the received UL grant and starts with an initial transmission. 
Even though this option allows for a quick adaptation of the bundling pattern, the achieved gain in terms of delay comes however at the expense of a reduced HARQ efficiency, i.e. HARQ operation is not continued across the adjustment of the pattern timing.
Another possible option where HARQ operation is continued when changing the timing of the bundling pattern was already presented in [3]. As in the first option UE should always follow 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 current used bundling pattern, 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 change of a fixed bundling pattern i.e. dynamic change of all TTI bundles/HARQ processes.
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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. 
Proposal2: It’s proposed to discuss the modification of the fixed bundling pattern approach for Rel-11 i.e. dynamic change of all TTI bundles/HARQ processess..  
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:

Proposal1: dynamic changes per TTI bundle/HARQ process is not supported for Rel-11
Proposal2: It’s proposed to discuss modification of the fixed bundling pattern approach for Rel-11 i.e. dynamic change of all TTI bundles/HARQ processess.
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