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1 Introduction

Recently, TTI bundling has been discussed in RAN2. One open issue is the collision of the TTI bundle and Msg3. In this contribution we discuss this issue and propose the way forward.
2 Discussion

2.1 Applicability of the note in 5.4.1
As discussed in [1], there is the following note in MAC specification clause 5.4.1:

NOTE:
If the UE receives both a grant in a Random Access Response and a grant for its C-RNTI or Semi persistent scheduling C-RNTI requiring transmissions on the PCell in the same UL subframe, the UE may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI or Semi persistent scheduling C-RNTI.

So the open question is if this sentence is applicable to TTI bundling. There could be following cases: 1) Msg3 collides with the first subframe of the TTI bundle transmission and 2) Msg3 collides with some other subframe of the TTI bundle transmission. These cases are depicted Figure 1. 

We consider that nothing in principle restricts to apply this note to the TTI bundling case. In both cases of Figure 1, transmission is triggered by the grant on PDCCH, even if in the second case, the collision is for the Msg3 and non-adaptive retransmission within the bundle.

Observation 1 In current specifications, in case transmission of Msg3 is triggered by RAR and transmission of a TTI bundle is triggered by a grant and these transmissions collide, the UE may choose to continue with either of the grant.   
When the UE applies the note and continues with one grant only, then it either discards Msg3 or TTI bundle transmission. The first option corresponds to “Implementation 1” in [1] and second option to “Implementation 2” in [1]. If the TTI bundling grant is discarded, then the note would indicate that all transmissions within the bundle should be discarded as depicted in [1]. 

Observation 2 When the grant for TTI bundle is discarded, according to the note, the UE should discard the whole grant and not perform transmission in any subframes of the bundle.
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Figure 1. Collision of Msg3 and TTI bundle. On the top: Msg3 collides with the first transmission of the bundle. On the bottom: Msg3 collides with the second transmission of the bundle.

2.2 Collision of the TTI bundle and Msg3
Even the note as discussed in Section 2.1 allows the UE to discard one of the grants, it could be also understood that the note also allows continuing with the both grants. Alternatively, it can happen that it is too late to discard the whole bundle as transmissions have started already. Then the collision of Msg3 and TTI bundle occurs.
In such case, the question is how to handle the collision. Handling is different depending on if collision occurs for the same HARQ process or for different HARQ processes. As HARQ process allocation is not specified for UL, it is up to UE implementation how to allocate HARQ processes for Msg3 and TTI bundling. In this particular collision case, 8 ms HARQ RTT and 16 ms HARQ RTTs are mixed, and thus it cannot be expected that there are any specific rules for the HARQ process allocation.
Observation 3 As HARQ process allocation is up to UE implementation, colliding Msg3 and TTI bundle may use same or different HARQ processes.
If the UE uses same HARQ process for the colliding transmissions, then it can be expected that the latter transmission overrides the former transmission. If the UE prioritizes Msg3 in the colliding subframe, then the UE stops TTI bundle transmission after the collision. This corresponds to the Implementation 3 in [1] and is depicted in Figure 2.  
Observation 4 If the UE selects same HARQ process for Msg3 and TTI bundle and prioritizes Msg3 over TTI bundle, then Msg3 transmission overrides the TTI bundle in the HARQ buffer and data for TTI bundle is flushed.
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Figure 2. Collision of TTI bundle and Msg3 in case when same HARQ process is used.
On the other hand, it is also possible for the UE to use different HARQ processes for colliding Msg3 and TTI bundle. In this case, Msg3 could be prioritized over a single TTI and then TTI bundling transmission could be continued after that. This kind of behaviour is depicted in Figure 3. As discussed in [2], in such case RVI confusion can occur as the eNB is not aware of Msg3 transmission before it has decoded that message.
Observation 5 If the UE selects different HARQ process for Msg3 and TTI bundle, then TTI bundle transmission can continue after Msg3 transmission. In such case, RVI mismatch may occur.
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Figure 3. Collision of TTI bundle and Msg3 in case when different HARQ process is used.

2.3 Impact of new data and retransmission
In this subsection, we study if the new data or retransmission has impact on the potential behaviour. Discussion is based on UP minutes of RAN2#83 meeting. Both same HARQ process and different HARQ process cases are covered in the discussion. 
1) TTI bundling new tx + Msg3 new tx
· This case can occur. Based on Note in 5.4.1 the UE chooses one of the UL grants. Then the behaviour is as depicted in Sections 2.1 and 2.2.
2) TTI bundling new tx + Msg3 non-adaptive retx 

· This case can occur. Note in 5.4.1 is not applicable. Based on procedure Text in 5.4.1, UE prioritizes TTI bundling new tx. 
3) TTI bundling retx + Msg3 new tx 

· In case of non-adaptive retransmission for TTI bundle, UE prioritizes Msg3 new tx.

· In case of adaptive retransmission for TTI bundle, based on Note in 5.4.1 the UE chooses one of the UL grants. Then the behaviour is as depicted Section 2.1 and 2.2.
4) TTI bundling retx + Msg3 non-adaptive retx

· This case can occur happen as HARQ RTTs are different. 

· In case of adaptive retransmission for TTI bundle, prioritize TTI bundle.
· In case of non-adaptive retransmission for TTI bundle, UE prioritizes Msg3.
As a summary, there are no differences in collision handing of new transmission and adaptive retransmission. If non-adaptive retransmission collides with the adaptive retransmission, then adaptive retransmission is prioritized. Finally, if non-adaptive retransmissions collide, then Msg3 is prioritized.  
3 Conclusion

In this contribution, we have analyzed collision of TTI bundle and Msg3. 

Observation 6 In current specifications, in case transmission of Msg3 is triggered by RAR and transmission of a TTI bundle is triggered by a grant and these transmissions collide, the UE may choose to continue with either of the grant.
Observation 7 When the grant for TTI bundle is discarded, according to the note, the UE should discard the whole grant and not perform transmission in any subframes of the bundle.
Observation 8 As HARQ process allocation is up to UE implementation, colliding Msg3 and TTI bundle may use same or different HARQ processes.
Observation 9 If the UE selects same HARQ process for Msg3 and TTI bundle and prioritizes Msg3 over TTI bundle, then Msg3 transmission overrides the TTI bundle in the HARQ buffer and data for TTI bundle is flushed.
Observation 10 If the UE selects different HARQ process for Msg3 and TTI bundle, then TTI bundle transmission can continue after Msg3 transmission. In such case, RVI mismatch may occur.
As a result, we find that specification allows many different implementations. As the situation should be rather rare and can be solved by eNB implementation, there is no need to change the specification.
Proposal 1 There is no need to change the specification.
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