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1	Introduction
At last meeting, RAN4 discuss the TDD pattern for ATG and outcome of the discussions was summarized in [1]. In this contribution, we continue to discuss TDD pattern for ATG and provide our view on the open issue. 
[bookmark: _Ref178064866]2	Discussion
In the last meeting, the TDD pattern was discussed with following outcome [1]:
	Issue 1-3: TDD pattern
· Option 1: An ATG system needs a full slot or even several slots of GP, however the large ISD and beamforming might mitigate any issues with regards to GP for TDD.  (Ericsson)
· The guard period for BS to BS interference, for the DL to UL switch is mainly dimensioned by the Tprop_BS2BS, if and when there is unacceptable interference between BS. 
· The guard period for UE to UE interference, for the DL to UL switch is mainly dimensioned by the 2*Tprop_cell edge, if and when there is unacceptable interference between nearby UE.
· Option 2: The TDD pattern is up to NW configuration. No impaction on core requirements is observed, can be further discussed in Perf stage (HW, QC, CMCC, LGE, Ericsson, ZTE, CATT)



The guard period of a TDD system must fit all the timing uncertainties like Cell Phase Sync (3 µs) and RF transients (10 or 5 µs), but the dimensioning factor in this case is that we need to fit the propagation time of the cell range as well. In [4] we derive that the guard period, , becomes:
    TGuard ≥ 2* TSync + 2*Tprop_cell edge +max ((TBS on off), (TUE off on)) + max ((TBS off on), (TUE on off))   (1)
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where TSync is cell phase sync, TBS and TUE are the RF transients and Tprop_cell edge equals the travel time of the signal across the cell range. The term Tprop_cell edge =  = 1 ms. This is a full slot or several slots, even at SCS = 15 kHz, depending on how far away the interference will reach (first ring of interferers, second ring etc.). However, the expression in (1) is only valid if there is overlapping coverage. The large ISD and beamforming might mitigate any issues with regards to TGuard.
Observation 1: An ATG system needs a full slot or even several slots of GP, however the large ISD and beamforming might mitigate any issues with regards to GP for TDD.  
The formula (1) above is a simplification. To take the analysis one step further is to acknowledge that TGuard ≥ max(TDL_UL) + max(TAOffset). The DL to UL guard is dominating. The TDL_UL is dimensioned by two cases, BS to BS interference and UE to UE interference.
2.6.3.1 	BS to BS interference
 BS-B´s (aggressor) “late” DL transmission can cause interference to BS-A´s (victim) “early” UL reception. 


Figure 2 BS-to-BS interference at DL to UL switch
[bookmark: _Hlk115374662]As can be seen in Figure 2 the guard period for the DL to UL switch (TDL_UL) must include sufficient time for:
· Time synchronization error between base stations (TSync), in this case base station B is TSync late in relation to base station A. 
· TSync is the timing at the Antenna Reference Point (ARP) and hence in addition to synchronization source errors also include distribution and margins for holdover operation. 
· Transition time for turning off the transmitter (TBS on off).
· The time relates to a specified TX OFF level 
· A propagation time (Tprop_BS2BS) between aggressor base station and victim base station.

· TDL_UL ≥ TSync +TBS on off + Tprop_BS2BS	(BS2BS-DL2UL)

The propagation time (Tprop_BS2BS) increases with the distance between aggressor and victim (interference arrives later at victim base station A which in this case is a disadvantage). However, due to path loss, the interference level also decreases by distance. 
For a certain acceptable interference level, a corresponding minimum time must be allocated for Tprop_BS2BS. This must be analysed in detail for different systems and deployments, and depends on path loss, transmitter output power and receiver properties.
If an acceptable interference level is reached already between neighbouring base stations, then Tprop_BS2BS would equal the propagation time between two nearby base stations (TISD) i.e. Tprop_BS2BS =TISD but if an acceptable interference level first is reached at the neighbour’s neighbour then Tprop_BS2BS =2* TISD and so on. 
Observation 2: The guard period for BS to BS interference, for the DL to UL switch is mainly dimensioned by the Tprop_BS2BS, if and when there is unacceptable interference between BS.        
2.6.3.2	UE to UE interference
UE-A (aggressor) “early” UL transmission can cause interference to UE-B (victim) still in DL reception, see Figure 3.
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Figure 3 UE-to-UE interference at DL to UL switch
In Figure 3 the guard period in the DL to UL switch must include sufficient time for:
· Time synchronization error (TSync) between UE´s connected to different base stations, in this case UE A is TSync early in relation to UE B. UE A waits at least TSync before ramping its transmitter. 

· Transition time for turning on the transmitter (TUE off on).
· The time relates to a specified TX OFF level 

· Propagation time between base station and UE´s at cell edge (Tprop_cell_edge). 

To simplify and to get a direct relation towards cell edge we define this as LOS propagation and multiply with a NLOS path compensation factor αNLOS (αNLOS >1).  

In Figure 3, a small distance and thereby small propagation time between the UEs (Tprop_UE2UE ~0) is a disadvantage both from a timing view (the interference from UE A would arrive “earlier” at UE B) and from an interference view (short distance also means higher level of interference). Also, early UL transmission of aggressor UE A (large TA) and late DL reception of UE B is a disadvantage timing wise, i.e., worst situation is when UEs at cell edge and close to each other (motivation why Tprop_UE2UE not subtracted in formula below). Note, again for worst case, that UEs are close to each other, but both UE are at Tprop_cell edge from their respective base station, at max TA = 2*Tprop_cell edge, to find largest DL to UL gap needed.
· TDL_UL ≥ TSync +TUE off on + 2*Tprop_cell edge	(UE2UE-DL2UL)

Observation 3: The guard period for UE to UE interference, for the DL to UL switch is mainly dimensioned by the 2*Tprop_cell edge, if and when there is unacceptable interference between nearby UE.        

Based on the discussion above, we support option 1. It is noted that option 2 is also true as the TDD pattern is up to NW configuration and does not conflict with option 1. Therefore, we are fine to accept both options. 

Conclusion
In this contribution we have discussed the TDD pattern for ATG based on the options identified in [1]. Based on the discussions, we have made following observations:

Observation 1: An ATG system needs a full slot or even several slots of GP, however the large ISD and beamforming might mitigate any issues with regards to GP for TDD.  

Observation 2: The guard period for BS to BS interference, for the DL to UL switch is mainly dimensioned by the Tprop_BS2BS, if and when there is unacceptable interference between BS.        

Observation 3: The guard period for UE to UE interference, for the DL to UL switch is mainly dimensioned by the 2*Tprop_cell edge, if and when there is unacceptable interference between nearby UE.        
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