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1 Introduction
The issues of TA application rule for eMTC UE has been discussed in several RAN4 meetings, and most recently in RAN4#81 [1], but without agreement. There are two issues under discussion: one is the DL subframe in which the TA command is considered as received, the other is whether TA should be postponed if subframe n+6 is during an UL transmission repetition.
In this paper, we will provide our views based on analysis and simulation.
2 Discussion
First issue: the DL subframe in which the TA command is considered as received
When PDSCH carrying TA command is transmitted with repetition, in [1] there are two options listed regarding the DL subframe in which the TA command is considered as received. 

1) The DL subframe in which UE successfully decodes the PDSCH

2) The last DL subframe of the corresponding PDSCH repetition, even UE can successfully decodes the PDSCH in a subframe before

Our understanding is option 2). The reason is that eNB does not know the exact subframe in which UE successfully decoded the PDSCH before the end of the repetition, so eNB cannot adjust its reception timing accordingly. 
However, we don’t see a need to clarify this in 36.133. In fact, the issue is not only for TA timing, but also for other timings. For example for HARQ timing, in 36.213, to decide the subframe when to transmit HARQ-ACK on PUCCH, the “last subframe in which the PDSCH is transmitted” is used as the reference. We believe it is common understanding to use the same principle for all timings, e.g. timing to apply TA, RRC reconfiguration, SCell (de-)activation, etc. There is no need to make clarification for every timing.

Proposal 1: TA command is considered as received in the last DL subframe of a PDSCH transmission repetition. However, there is no need to make clarification in 36.133.

Second issue: whether TA should be postponed if subframe n+6 is during an UL transmission repetition 

There are also two options for this issue:

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. It should be also noted that for half-duplex operation TA will never be updated during ongoing PUSCH repetitions.
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, as shown in Figure 1. 
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Figure 1: TA update during PUCCH
For this case, eNB could consider the phase rotation in the receiver processing (note: depending on implementation, eNB could also do this for PUSCH). We conducted link level simulation to check the performances when there is a timing change, and we compared the 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 assumption is shown in Table 1, and the results are showing in Table 2 and Table 3 for the relative loss compared to the reference case without timing change (timing offset 0). From Table 2 and 3 it can be seen 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. 
Table 1: Simulation assumption for PUCCH with TA update
	Parameters
	Values

	PUCCH format
	1a, 2

	Number of TX antennas
	1

	Number of RX antennas
	2

	Antenna correlation
	Low

	Number of repetitions 
	4, 8

	Propagation conditions
	· Format 1a: EPA1

· Format 2: EVA5

	Timing offset (in TA steps)
	0 (as reference), 1, 2, 3, 4

	Performance metric
	· Format 1a: SNR at 1% miss ACK

· Format 2: SNR at 1% BLER


Table 2: simulation results for PUCCH format 1a
	Timing offset
	Repetition number
	Loss without TA update
	Loss with TA update from the 3rd repetition 
	Gain from TA update

	0
	4
	0
	0
	0

	
	8
	0
	0
	0

	1
	4
	0.2
	-0.1
	0.3

	
	8
	0.2
	0
	0.2

	2
	4
	0.9
	0.4
	0.5

	
	8
	0.8
	0.2
	0.6

	3
	4
	1.8
	0.9
	0.9

	
	8
	1.6
	0.4
	1.2

	4
	4
	3.0
	1.4
	1.6

	
	8
	2.9
	0.7
	2.2


Table 3: simulation results for PUCCH format 2

	Timing offset
	Repetition number
	Loss without TA update
	Loss with TA update from the 3rd repetition 
	Gain from TA update

	0
	4
	0
	0
	0

	
	8
	0
	0
	0

	1
	4
	0.5
	0.3
	0.2

	
	8
	0.4
	0.1
	0.3

	2
	4
	1.3
	0.6
	0.7

	
	8
	1.3
	0.4
	0.9

	3
	4
	2.3
	1.2
	1.1

	
	8
	2.1
	0.6
	1.5

	4
	4
	3.6
	1.8
	1.8

	
	8
	3.6
	0.7
	2.9


Based on the discussions above, our view is that there is no need to change the legacy TA application rule for eMTC.

Proposal 2: Legacy TA application rule (TA applied at subframe n+6) is re-used for eMTC.

3 Conclusions 

In this paper, we analyzed the issues in the TA application rule for eMTC UE, and we have the following proposals.
Proposal 1: TA command is considered as received in the last DL subframe of a PDSCH transmission repetition. However, there is no need to make clarification in 36.133.
Proposal 2: Legacy TA application rule (TA applied at subframe n+6) is re-used for eMTC.   
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