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1 Introduction
In this contribution we analyze the case of LTE-NR FR1 coexistence and the dimensioning of the optimal TAOffset value. 
2 Discussion
We start with a discussion regarding the existing specification and then continue with how to optimally dimension TAOffset. We then conclude with proposals for the coexistence case of LTE TDD and NR FR1 TDD.
2.1 The baseline TS 38.133 specification

TS 38.133 already contains specified TAOffset values for FDD, TDD FR1 without coexistence and TDD FR2. The status and the corresponding TAOffset values are shown in Figure 1 below.
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Figure 1: TA Offset configurations

The value for NR TDD FR1 without LTE coexistence, i.e. TAOffset = 13 µs is optimal for the case of an NR FR1 system, or part of a system, operating without the need for coexistence. This is shown by inspecting the dimensioning equation. The dimensioning equation for TAOffset is specified in [1] and reads as follows:

TAoffset ≥ TSync + max ((TBS off( on), (TUE on(off))

This means that the optimal TA is given by the BS and UE transient times. An offset bigger than this would mean that we make the Guard Period unnecessarily large, or conversely, that the cell size becomes smaller for a given Guard Period size.
2.2 Proposals
In case of sub 6GHz (FR1) where LTE and NR TDD need to coexist, then the same TDD configurations are needed to avoid interference. However, this is not enough, we also need to coordinate the TAoffset between NR and LTE since an essential part in a TDD system for providing isolation around one of the critical TRX switching points. The LTE TAoffset = 624 Ts ≈ 20 µs.
Since LTE and NR TAoffset are different (different specified transient times) this means that the larger of them must be used i.e. the one used in LTE. The optimal NR FR1 value, given by transient times, of 13 µs discussed before, cannot be used here.
The issue is otherwise that the LTE aggressor with longer BS transient from OFF ( ON at (BS- A below) will interfere with NR still in UL reception (BS -B) if it has shorter TAoffset (i.e. less isolation in time domain at victim while aggressor transient should be input for dimensioning), see figure 2 below.
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Figure 2: Interference issue with long TAOffset for LTE and shorter TAOffset for NR.
However, on the other hand, using the same TAoffset as LTE (624 Ts ≈ 20 µs), for both cases, that is LTE-NR coexistence and NR FR1 without coexistence, would mean that we either loose cell range coverage or that we over dimension the Guard Period by 7 µs.

Observation1: Using the same TAoffset as LTE (624 Ts ≈ 20 µs), for both cases, that is LTE-NR coexistence and NR FR1 without coexistence would mean that we either loose cell range coverage or that we over dimension the Guard Period by 7 µs. The last point means that we introduce unnecessary overhead and get less efficient spectrum usage.
Proposal 1: TAOffset for LTE-NR TDD and NR FR1 TDD coexistence shall be different. 
We propose the following changes to TS 38.133 to deal with this problem:

Table 7.1.2-2: The Value of 
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	FDD in FR1 or FR2
	0 (Note)

	TDD in FR1 
	25560

	TDD in FR1 for LTE-NR coexistence
	39936

	TDD in FR2
	13763

	Note: Regardless of whether LTE-NR coexistence is configured or not in FR1



Table 1: Proposal for updated TAOffset table.

This corresponds to specifying the same TAoffset for TDD in NR FR1 as for LTE, for the case of LTE-NR coexistence (64*624 = 39936 Tc).
Proposal 2: State TAOffset of 39936 Tc  for TDD in FR1 for LTE-NR coexistence, same as LTE.
2.2.1 Initial UE access

The case of initial access requires some sort of a-priori knowledge on behalf of the UE. The UE has to know, at initial access, weather to use a TAoffset of 39322 Tc (20 µs, for coexistence) or a TAoffset of 13763 Tc (13 µs). This is shown in figure 3. Otherwise this means for a UE close to the base station that its initial random access will arrive 7 µs too early (in addition to other UE UL transmission errors). A larger than necessary random-access window could compensate for that but adds unnecessary overhead which can be significant for frequent random-access opportunities (needed for fast initial access).
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Figure 3: Initial UE access
This means that we must have some form of signaling bit broadcasted to the UE.

Observation 2: An LS to RAN2 to request the introduction of broadcast information so that the UE can resolve which TAoffset to use, would be beneficial.
3 Conclusion

Observation1: Using the same TAoffset as LTE (624 Ts ≈ 20 µs), for both cases, that is LTE-NR coexistence and NR FR1 without coexistence would mean that we either loose cell range coverage or that we over dimension the Guard Period by 7 µs. The last point means that we introduce unnecessary overhead and get less efficient spectrum usage.
Proposal 1: TAOffset for LTE-NR TDD and NR FR1 TDD coexistence shall be different. 
Proposal 2: State TAOffset of 39936 Tc for TDD in FR1 for LTE-NR coexistence, same as LTE.

Observation 2: An LS to RAN2 to request the introduction of broadcast information so that the UE can resolve which TAoffset to use, would be beneficial.
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