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1 Introduction
The issues of TA application rule for eMTC UE has been discussed in several RAN4 meetings. In RAN4#82, we had a proposal [1] to keep eMTC TA application timing same as in legacy. Some companies raised up the issue of possible collision between TA update and the re-tuning gap for frequency hopping, which may lead to a reduction of the re-tuning gap. The issue was not fully discussed due to time limit.

In this paper, we will first provide background information by re-capping what we proposed in [1], and we will then analyze the issue of collision between TA update and the re-tuning gap and provide our views on how to proceed.
2 Background
The main question in TA application rule for eMTC UE is whether TA update should be postponed if subframe n+6 is during an UL transmission repetition. There are also two options:

1) TA is always applied in subframe n+6, as in legacy behaviour  
2) TA application is postponed to the end of the UL transmission repetition, if subframe n+6 is during an UL transmission repetition
The concern with option 1), i.e. applying TA during an UL transmission repetition, is that it will cause phase rotation, thus degrading the performance of combined reception across multiple subframes. Although we share the same concern, we think the problem can be handled by eNB implementation, so there is no need to change the legacy TA application rule.

For PUSCH, eNB can simply avoid scheduling TA command if there is UL transmission repetition ongoing, or avoid scheduling PUSCH if TA command is pending. For PUCCH one may be concerned with the PUCCH carrying HARQ-ACK for the TA command, or carrying periodic CSI. In such cases, TA update cannot be avoided during the repetition.
In our view, for this case eNB could consider the phase rotation in the receiver processing, and we conducted link level simulation to check the performances. In the simulation, there is a timing offset for PUCCH transmission, and we compared the two cases with TA update from the 3rd repetition (corresponding to TA update at n+6) and without TA update (corresponding to TA update at the end of the repetition). The simulation results show that with proper eNB implementation, timely TA correction during the PUCCH repetition can provide some performance benefit compared to no TA update until the end of the repetition. 
Based on the analysis and the simulation, our view is that legacy TA application rule (TA applied at subframe n+6) is re-used for eMTC.

3 Discussion 

During the online and offline discussions in RAN4#82, some companies raised up the issue of possible collision between TA update and the re-tuning gap for frequency hopping, and the concern was that it may lead to a reduction of the re-tuning gap. 

At that time, our view was that the issue can be handled by eNB implementation, as both frequency hopping and TA command are controlled by eNB. However, after further analysis, we found that it may not be so easy for eNB to avoid such collisions with reasonable scheduling/configuration restrictions. Therefore, the case should be more carefully studied in RAN4 to understand its implication so that we can come to a proper way forward.
Figure 1 shows the case where TA update and re-tuning gap for frequency hopping occurs in the same subframe n+6. The UL transmission from UE is “late”, and in subframe n+6 the TA update is towards an “earlier” direction. 
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Figure 1: Collision between TA update and re-tuning gap with shortened re-tuning gap

In this case subframe n+5 and n+6 will overlap, and the overlapping part is within the re-tuning gap. According to current RAN1 spec, UE shall start UL transmission in subframe n+6 from the beginning of symbol 1, and to fulfill this timing, the re-tuning gap would be reduced (by the length of the overlapping part). 

On the other hand, similar overlapping also happens in legacy where UL transmission is continuous, and in 36.213 UE behavior is defined as below.
	For a timing advance command received on subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of subframe n+6. For serving cells in the same TAG, when the UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are overlapped due to the timing adjustment, the UE shall complete transmission of subframe n and not transmit the overlapped part of subframe n+1.


In order to not impact the UE re-tuning gap, similar UE behavior could be defined for eMTC, as shown in Figure 2.
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In Figure 2, UE keeps a constant re-tuning gap of 2 symbols, and there will be overlapping part between symbol 1 in subframe n+6 and the re-tuning gap, and UE does not transmit in the overlapped part. There is no impact to the re-tuning gap, and UE behaviour is same as legacy.
Therefore, this is our preferred way forward. From RAN4 point of view, no change is needed as the TA update timing is same as legacy, i.e. in subframe n+6. However, some clarification in RAN1 spec may be needed, to specify the UE behaviour as in Figure 2, so an LS to RAN1 is needed.
Proposal 1: Legacy TA application rule (TA applied at subframe n+6) is re-used for eMTC.

Proposal 2: In case of collision between TA update and the re-tuning gap, UE may not transmit in the overlapping part between the re-tuning gap and symbol 1 in subframe n+6. 

Proposal 3: Send LS to RAN1, asking RAN1 to clarify the UE behaviour as in Proposal 2.  
4 Conclusions 

In this paper, we analyzed the issues of collision between TA update and the re-tuning gap, and we have the following proposals.
Proposal 1: Legacy TA application rule (TA applied at subframe n+6) is re-used for eMTC.

Proposal 2: In case of collision between TA update and the re-tuning gap, UE may not transmit in the overlapping part between the re-tuning gap and symbol 1 in subframe n+6. 

Proposal 3: Send LS to RAN1, asking RAN1 to clarify the UE behaviour as in Proposal 2.     
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