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1 Introduction

Recently, TTI bundling has been discussed in RAN2. One open issue is dynamic scheduling of TTI bundles. In the RAN2#83 meeting, the following agreement was captured:

=>
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. It is allowed for network to change the UL bundling timing if all UE’s HARQ buffers are empty. 

=>
Study for the next meeting for TEI-11 about the dynamic scheduling of TTI bundling. E.g. the need for dynamic scheduling.
In this discussion, the need for dynamic scheduling is discussed and the way forward proposed.
2 Discussion

2.1 Need for dynamic bundling
In RAN2 the need for dynamic TTI bundling has been discussed. One argument has been given that dynamic adjustment in timing increases the scheduling flexibility and decreases potential delay. On the other hand, it has argued that dynamic scheduling gives only 3 ms delay advance in maximum. However, in many cases that flexibility is useful as the eNB may need to prioritize some other data like Msg3 transmission which has a tight delay requirement. In addition, there are many other configurations that can impact the suitable timing of UL transmissions like DRX, SPS, and SR configurations etc.

One use case for dynamic scheduling that has not been discussed recently in RAN2 relates to the false alarms as described next. If a false alarm occurs, the UE starts transmitting in uplink even though not scheduled by the eNB. Also with normal operation (no TTI Bundling) the UE may perform an unwanted transmission in case of false alarm. However, in normal HARQ operation, if the eNB sends a 'real' grant in the following RTT the UE follows that. 

With TTI Bundling, when false alarm occurs, the UE may not listen for further uplink grants at all. This means that in worst case, the UE remains unreachable until all HARQ buffers are flushed. This takes typically up to 4*16 ms = 64 ms. If there are many pending HARQ retransmissions, then this situation can take even longer. In this state, the UE either performs sporadic autonomous retransmissions if it detects NACK on PHICH or does not do anything in the case it detects ACK on PHICH. 

False alarm scenario can be solved by sending a new grant to the UE. From UE point of view, the new grant can be seen as colliding grant as is not necessarily synchronized with the previous grant. However, from the eNB point of view, it is correct grant as the eNB cannot know the timing of the falsely detected grant. 
2.2 Different solutions for dynamic scheduling 
Different solutions for dynamic scheduling could be the following:

1. Mandate the UE to always follow the latest grant and use HARQ timing of that grant for all HARQ processes. This solution could bring more scheduling flexibility and could solve the situation after false detection; however, the problem is that if the false grant was received after the real grant, many HARQ processes are impacted and HARQ buffers of those processes may be flushed.

2. Mandate the UE to always follow the latest grant for the colliding HARQ process(es). This could allow most flexibly eNB scheduling and solve the situation after false detection. If the false grant was received after the real grant, only one HARQ process is potentially impacted.
3. Mandate the UE to always follow the latest grant if this is not colliding with any ongoing HARQ process. This would bring more flexibility for scheduling as compared to RAN2#83 meeting agreement. In some cases it would also improve the situation after false detection as non-colliding processes at least can be corrected.
4. Introduce a fixed offset for TTI bundling timing with RRC. This solution would solve the false alarm problem but would reduce scheduling flexibility even more.

During Rel-8 timeframe it was discussed that the specification is not necessarily clear for the case when there is a collision in TTI bundle transmissions. In addition, it was also agreed that the UE should not always ignore that grant. Thus solution 3 should be considered as the minimum requirement for further clarifications and enhancements.

Proposal 1 Clarify for Rel-11 the UE should at least follow the latest grant if this is not colliding with any ongoing HARQ process.
3 Conclusion

In this contribution, we have discussed dynamic scheduling of TTI bundles and made the following proposal:

Proposal 2 Clarify for Rel-11 the UE should at least follow the latest grant if this is not colliding with any ongoing HARQ process.
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