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1 Introduction
RAN1 has forwarded and LS to RAN4 [1] asking about 

RAN1 discussed on the maximum uplink transmission timing difference between different TAGs supportable in the perspective of a UE which supports multiple timing advance capability. RAN1 has previously agreed at RAN1 #68:
In case of partial symbol overlap arising from different TAs in different TAGs, RAN1 assumes a max overlap of approx. 30us (any tolerances are up to RAN4) for inter-band TAGs

RAN1 has noted that the above agreement is not captured in Rel-11 specifications. This agreement can be described in TS36.300 in the relevant part of multiple timing advance for CA. For the convenience of progress, text suggestion for TS36.300 is included below:

The question to RAN4 is:

RAN1 respectfully asks RAN4 to confirm the final value for the maximum transmission timing difference considering tolerance relevant to this case.

In this tdoc we analyse the maximum transmission timing difference and the tolerances relevant to this case.
2 Discussion
There are two cases to consider when it comes to tolerances, UE initial transmission timing uncertainties and Timing Advance adjustment uncertainties, when a TA loop is set up and active.
UE initial transmission timing error shall be less than or equal to where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission. 
Timing advance adjustment accuracies are relevant for the other cases, i.e. steady state when a Timing Advance regulation loop is up and running. In [2] the steady state timing advance adjustment accuracies where used. The analysis is comprehensive and can be used as a base for further discussion. We add a discussion of the steady state case and an analysis of the initial case
2.1 Timing advance adjustment accuracies (TA loop active)
The following uncertainties are listed in [2]:

 
Propagation delay difference (factor (1))


TA adjustment accuracy and TA accuracy (factor (2))


Uncertainty of the reception time in the UE downlink (factor (3))


eNB time alignment error (TAE) (factor (4))


Channel dispersion (factor (5))
The propagation delay difference factor is the allowed interband relative propagation delay difference factor from TS 36.300 Annex J [3]. It is 30 µs.
The Timing Advance adjustment accuracy is ±4 Ts. The TA quantization uncertainty is ±half a quantization step = ±8 Ts.
The Uncertainty of the reception time in the UE downlink is ±10 Ts in poor SNR [4]

The eNB time alignment error (TAE) is 260 ns as the relative difference between frame start of the two inter band carriers.

It is proposed not to include the channel dispersion factor (factor (5)) since that is the additional relative delay due to different propagation paths for different frequency bands and one can argue that that is included in maximum propagation delay difference (factor (1)) already and the maximum TX overlap is relevant for the UE TX ports. Moreover the actual relative delay due to different propagation paths is a strongly related to the cell size and the actual environment type (dense urban, urban, hilly terrain etc.). TAE and DL reception uncertainties are not included in factor (1). 
Figure 1 summarize the result where the total uncertainty is 2*( (2) + (3) ) + (4). 
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Figure 1: Total uncertainty model figure, copied from [2]R4-133617, Discussion on maximum UL timing difference between TAGs, Huawei, Hisilicon
The total uncertainty becomes 2*( (2) + (3) ) + (4) = 2*(( 4+8) + 10) + 260 ns = 44Ts + 260 ns = 1.7 µs.
2.2 UE initial transmission timing (initial access) 
The initial transmission timing case is important to consider since the tolerances in RAN4 specification are higher. The final uncertainty will actually be determined by the initial transmission timing.
UE initial transmission timing error shall be less than or equal to where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
Table 7.1.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211


RAN 2 MAC specification forbids parallel PRACH initial access [4] but we can still have PRACH on one carrier and first transmission in a DRX cycle on another. This means that we get the same equation as before, but with both carriers engaged in procedures where initial timing uncertainties apply.

UE initial transmission timing error and TA accuracy (factor (2))  =  ±24 Ts + (±0) Ts =  24 Ts. 

The TA 
quantization error is set to 0 since the TA regulation loop is not started.

Uncertainty of the reception time in the UE downlink (factor (3)) = 10 Ts

eNB time alignment error (TAE) (factor (4)) = 260 ns
The total uncertainty becomes 2*( (2) + (3) ) + (4) = 2*(( 24+0) + 10) + 260 ns = 68Ts + 260 ns = 2.5 µs.

3 Conclusion
There are two cases to consider when it comes to tolerances, UE initial transmission timing uncertainties and Timing Advance adjustment uncertainties, when a TA loop is set up and active, i.e. steady state.
It is also proposed not to include the channel dispersion factor in the RAN4 tolerances, since that is the additional relative delay due to different propagation paths for different frequency bands and one can argue that that is included in maximum propagation delay difference already (30 µs) and the maximum TX overlap is relevant for the UE TX ports. Moreover the actual relative delay due to different propagation paths is a strongly related to the cell size and the actual environment type (dense urban, urban, hilly terrain etc.). TAE and DL reception uncertainties are not included in factor (1). 
The previously analyzed steady state uncertainty, for the case when a TA loop is up and running, is 1.7 µs. 
The initial transmission timing uncertainty when both carriers are engaged in procedures where initial timing uncertainties apply, like PRACH on one carrier and first transmission in a DRX cycle on another, is 2.5 µs.

The results in a maximum value of  32.5 µs for the UL timing difference between TAGs, considering the relevant tolerances as specified in RAN4.
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