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1 Introduction
A general framework for the TDD timing budget is proposed in [1]. This contribution is an attempt at using the generic time budget formulas, together with input requirements to 3GPP [1] and possible use cases in a concrete application; the estimation of the Guard Period (GP) needed.
2 Discussion
The GP requirement is explained in [1]. The TDD specifications include requirements on the maximum allowed PA power during the RX periods and also the transition time for the PA to switch off at the start of an RX period and on at the start of a TX period. At the basestation, the requirement must be designed to avoid a situation in which one basestation is continuing or starting to transmit significant power in the downlink and causing interference to a neighbor basestation. At the UE, the requirement must avoid that during downlink periods, a UE transmits significant power and causes interference to nearby UEs that are attempting to receive. Avoiding this interference is achieved by means of ensuring that the ON to OFF and OFF to ON switching time are both incorporated within the guard period between UL and DL (together with other factors such as BS synchronization uncertainty, timing advance error and propagation times between basestations and UEs, which must also be accommodated within the guard period).
A time budget analysis provides inequalities stating the minimum GP and that is the focus of this tdoc. However, a deployed NR TDD will also need flexibility to adapt GP according to radio conditions and cell size as well as coexistence between operators. 
2.1 Time budget
From [1] we get:

TGUARD ≥ 2* TSync + max ((TBS on( off + Tprop_BS2BS), (TUE off( on + αNLOS *2*Tprop_cell edge)) +  
+ max ((TBS off( on), (TUE on( off + Tprop_UE2UE))
To easier identify the impact from some key parameters such as synchronization accuracy and switching times in a first high level analysis (used with care), some further simplifications can be made. 
First simplification

In a first simplification we can set Tprop_UE2UE = 0 ( 

TGUARD ≥ 2* TSync + max ((TBS on( off + Tprop_BS2BS), (TUE off( on + αNLOS *2*Tprop_cell edge)) 
+ max ((TBS off( on), (TUE on( off))
Second simplification

αNLOS = 1 (only LOS propagation in model and hence too optimistic with regards to needed guard period and cell size).

If we then further assume Tprop_BS2BS = TISD = 1.5*Tprop_cell edge i.e. < 2*Tprop_cell edge in expression above (no significant BS-to-BS interference already at first neighbour, not necessarily true).

TGUARD ≥ 2* TSync + 2*Tprop_cell edge +max ((TBS on( off), (TUE off( on)) + max ((TBS off( on), (TUE on( off))
Where:
· Time synchronization error between base stations (TSync). 

· Transition time for turning off the BS transmitter (TBS on( off) and Transition time for turning on the BS transmitter (TBS off( on).
· Transition time for turning off the UE transmitter (TUE on( off) and Transition time for turning on the UE transmitter (TUE off( on).
· Propagation time between base station and UE´s at cell edge (Tprop_cell_edge). 

The Tprop_cell edge parameter corresponds to the time for the signal to propagate 2RS in the figure 1 below. We also see that in this case ISD = 3*RS.
	Geometry based on 3-sector antennas:
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	ISDs = 3*Rs





Figure 1: Geometry based on 3-sector antennas. (Picture from [2]).

In the estimation done here we are concerned with the total GP. In the actual system this needs to be allocated to UL and DL guard periods, which might not me equal.

TGUARD :  
Total allocated GP (for both DL to UL and UL to DL guards) 

TAoffset :   
Guard period allocated for the UL to DL switch 

TDL_UL :    
Guard period allocated for the DL to UL switch
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Figure 2 TDD Guard Periods at base station 
2.2 Use cases

In this section we analyse a couple of use cases given the TDD time budget for GP from [1]. 

In this contribution we assume that the budget for Tsync is 3 us:  
· This is a mandatory requirement and that must be met also during network (or GNSS) failure periods (with duration of at least 1 to 3 days, but longer periods being often desired); This means that a suitable portion of the 1.5 us is allocated as holdover budget (see as an example ITU-T Recc. G.8271.1 Appendix V).
· Following the ITU-T recommendations, current sync networks are being designed to distribute sync in the +/-1.5 us range (including Holdover budget as mentioned earlier). It is true that some networks may be able to provide much better performance, but it will not be possible to assume that “all” networks will meet more stringent requirements than 1.5 us (including holdover budget) in the next few years (as this would imply relevant additional CAPEX and OPEX costs). This is why in the contribution we make this assumption. 
2.2.1 Mobile Broadband (MBB)

One can expect that the final latency requirements for NR will be stricter than today. One idea would be to require lower switch transient times for wider subcarrier spacing. This would allow for more frequent TRX switching for the same overhead for higher subcarrier numerologies. One starting point for transient times could be:
· < 6 µs 
subcarrier spacing 15 to 30 kHz.

· < 3 µs   for subcarrier spacing 60 kHz
· < 1 µs
for subcarrier spacing 120 kHz

If we set TSync to 3 µs we can use the formula in [1] to calculate the theoretical cell radius. If we start with 15 kHz subcarrier spacing and 1 symbol for GP every 28 symbols, 2 ms TRX switching time (at least 2.5 times faster than today) and an overhead of 3.5%. If we then continue with 30 kHz subcarrier spacing, we get 1 ms TRX switch period. We can then continue with 60 kHz and 120 kHz in the same way. This means that the TRX period reduces and the latency can be proportionally lower, if we accept smaller cells sizes. (All TDD systems have to have configurable guard. This is a minimum guard period example). 
Obviously the UE requirement plays a vital role, as can be seen from the GP formula where:
max ((TBS on( off), (TUE off( on)) + max ((TBS off( on), (TUE on( off)) is used.

TGUARD ≥ 2* TSync + 2*Tprop_cell edge +max ((TBS on( off), (TUE off( on)) + max ((TBS off( on), (TUE on( off))  

However, in this document we focus on the eNB only and simplify to:

TGUARD ≥ 2* TSync + 2*Tprop_cell edge + (TBS on( off + TBS off( on) 
If we focus on the cell edge propagation time we get:

Tprop_cell edge ≥ (TGUARD  - 2* TSync - (TBS on( off + TBS off( on))/2 
This can be summarised in table 1.

	MBB
	15,0
	30,0
	60,0
	120,0

	Numerology (kHz)
	
	
	
	

	Tsync (us)
	3,0
	3,0
	3,0
	3,0

	GP (us)
	71,4
	35,7
	17,9
	8,9

	Transient (us)
	6,0
	6,0
	3,0
	1,0

	Tcell edge (us)
	26,7
	8,9
	2,9
	0,5

	MAX Theoretical Distance cell edge (m)
	8013,0
	2656,5
	878,3
	139,1

	TRX switching period (ms)
	2,0
	1,0
	0,5
	0,25

	GP OH (%)
	3,6
	3,6
	3,6
	3,6



Table 1: Cell radius and GP overhead for MBB case with transient times as a function of subcarrier 
               spacing.
2.3.2 URLLC

The latency requirement drives the need for more frequent switching between UL and DL. The ITU-R IMT-2020 set of requirements in [3], state a latency requirement for URRLC that is 4 times shorter (1 ms one way) compared to that for eMBB (4 ms one way).
We can now reduce the TRX switching period   and get a switch period of 0.5 ms for 15 kHz, 0.25 ms for 30 kHz, 0.125 ms for 60 kHz and so on. Table 2 presents a summary.

	URLLC
	15,0
	30,0
	60,0
	120,0

	Numerology (kHz)
	
	
	
	

	Tsync (us)
	3,0
	3,0
	3,0
	3,0

	GP (us)
	71,4
	35,7
	17,9
	8,9

	Transient (us)
	6,0
	6,0
	3,0
	1,0

	Tcell edge (us)
	26,7
	8,9
	2,9
	0,5

	MAX Theoretical Distance cell edge (m)
	8013,0
	2656,5
	878,3
	139,1

	TRX switching period (ms)
	0,5
	0,25
	0,125
	0,0625

	GP OH (%)
	14,4
	14,4
	14,4
	14,4



Table 2: Cell radius and GP overhead for MBB case with transient times as a function of subcarrier   
               spacing.
The short-TTI WI in LTE drive 2, 4 and 7 symbols per TTI corresponding to 0.14 ms, 0,29 ms and 0.5 ms TTI.

3 Conclusion

We have shown how to use the TDD timing budget frame work to analyse GP and how to maintain a balance between GP, switch time, cell size and eNB-eNB synchronization.

To conclude we find that transient times for BS, 
· ≈ 6 µs 
subcarrier spacing 15 to 30 kHz.

· ≈ 3 µs   for subcarrier spacing 60 kHz

· ≈ 1 µs
for subcarrier spacing 120 kHz

and an eNB-eNB synchronization of,
· TSync of 3 µs = ±1.5 µs.

provide a balanced set of requirements used as a starting point for further discussion.
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