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1 Introduction
Arguments and analysis showing proposed benefits reducing distant base station to base station interference by introducing multiple steps and levels for the TX ON-OFF transient.
2 Background
2.1 LTE baseline
The TX transient for E-UTRA TDD BS (3GPP 36.104) is specified as shown in Figure 1 below. 
· Symmetric specified TON_OFF = TOFF_ON = 17 µs.
· Needs to be stricter in NR.
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Figure 1: The relations of transmitter ON period, transmitter OFF period and transmitter transient period.
2.2 BS to BS Interference

Details about BS to BS interference is covered in [1] with conclusion that interference between distant base station is dependent of transient time in the ON to OFF direction. It is also shown that far distant base station can accept a higher OFF level then co-located due to the higher path loss.

From earlier contributions, there is also a common view that the ON to OFF direction is easier to implement fast. Using the formulas in [1] and merging the two switching points i.e. both DL2UL and UL2DL for the total GP we get:

GP= TDL_UL  + TAoffset  ≥ 2*TSync +TBS on( off + Tprop_BS2BS + TBS off( on
As can be seen the expression is fully in-line with formula 2 in [3] also used for BS to BS interference analysis.
 In [3] a concern for interference between distant TDD base stations was raised.
Allocating more symbols and hence time for GP in TDD systems will increase isolation but unfortunately comes at the cost of additional GP overhead especially when considering NR systems with reduced TDD switching periodicity. E.g. from Table 2 in [3] and Table 1 in [4] increasing from one to two symbols for 30kHz sub-carrier spacing would increase GP overhead from 3.6 to 7.2%.
3 Proposal

If we allow for mask for the TXON_OFF transient specification with two levels as shown in Figure 2, then we can accept a higher Power Level 1 at a shorter time T1 to reduce effects of BS2BS interference for distant BS, thanks to the higher path loss.
The final level power level is specified at T2 > T1 and addresses BS2BS interference for co-located BS, which have low path loss.
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Figure 2 Asymmetric TX transient specification, for TXON_OFF
So, the intermediate power level (PL1@T1) addresses a TDD interference scenario where full TX attenuation is not needed (due to path loss to distant base stations) but is reached faster than final level (PL2@T2). The described sequencing of the TX OFF in [1] makes sense from a technical point of view. The intermediate level reduces overall interference (especially since could sum up from multiple base stations) and prevents assuming and over dimensioning guard periods with additional overhead for a worst-case scenario where full TX power otherwise must be assumed until final TX OFF level (PL2@T2). 
3.1 P1 and T1 levels
The main factor behind the proposed intermediate power level is that of cell planning and dimensioning of Guard Period. Already a reduction of 30 dB from max power would have a large effect on Guard Period dimensioning. If power decays as P0/dα and we convert to 10log scale, we get that 10log(P0) = 10log(P0) - 10αlog(d). 

In a dense Urban Macro environment, we have an α of 3.5, this would mean that the distance d is 7 times shorter (10 dB is twice the radius) and for slower decay in more open areas or street canyons, the effect of 30 dB additional attenuation is even bigger, in terms of reduced separation. When it comes to timing we estimate that turning modulated signal to PA, with bias still present can be done in 0.5 µs for high power PA. Noise and LO-leakage would remain at PA output as an artefact, but well below 30 dB. This can be done even faster for AAS type equipment which typically have lower power PA. The larger minimum supported BW in NR (especially for mmWave) should also have a positive impact and allow for short T1.
In some cases, the TDD switch could provide even further isolation however for simplicity it is proposed not be accounted for here since switch time would be more implementation dependent e.g. depend on PA power levels. 
For mmWave we could get an additional isolation in time domain of T2-T1= 2.5us which would then correspond to adding 750m distance where TDD base stations would be considered synchronized.

If we use the example in [3] for sub 6 GHz operating at 30kHz sub-carrier spacing with T1=0.5us, T2=10us this would increase the distance with almost a factor of two (from 2910m to 5760m). Using assumptions in [3] where a free space path loss model was used, this would result in a desensitivity reduction from 3.7dB to 1.3dB.

4 Conclusion

Reducing interference in TDD systems is of key importance, correct sequencing and introducing an intermediate power level (PL1) for the TXON_OFF transient at the DL2UL switching point would be feasible from a technical point of view. Today’s TX OFF level is dimensioned for co-located base stations (and hence one could say that over dimensioned for more far distant base stations), the proposed intermediate power level addresses BS2BS interference for more distant base stations where path loss is relatively higher but timing wise the propagation time creates a disadvantage.  

The intermediate level reduces overall interference and prevents assuming and over dimensioning guard periods based on a worst-case scenario where full TX power otherwise must be assumed until final TX OFF level.
A relative requirement of 30 dB down from peak power in 0.5 µs is reasonable, also for high power PA and would make the cell up to 7 times smaller in terms of needed BS Guard period for the DL->UL switch (TXON-OFF).
Proposal: A relative requirement of 30 dB down from peak power in 0.5 µs.
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