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1 Introduction
TDD timing budget for NR was discussed in previous RAN4 meetings in [1] [2] and UE transient period was discussed in last meeting with WF agreed in [3]. BS transient period is also discussed in another contribution [4] in this meeting. To obtain a whole picture of TDD timing budget for NR, in this contribution, we give some analysis on it based on some assumptions.
2 Discussion

Impact factors for TDD timing and some discussions/agreements related to these factors for LTE and NR are listed as below:
1. Periodicity for TDD DL/UL configuration 
a) 5ms or 10ms for LTE
b) Agreements for NR in RAN1 report [5]:
· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;

· Each periodicity is supported for particular SCS(s)/slot duration(s)

2. GP configuration 
a) 1~10 symbol for LTE
b) No agreement for NR yet

3. BS synchronization error 
a) 3us for LTE
b) 3us was proposed for NR in [6] [7]
4. UE ON/OFF transient period 
a) 20us for LTE
b) 5us/10us for sub6G, 5us for above6G in [3]

5. BS ON/OFF transient period 
a) 17us for LTE
b) Proposal for NR in [7] 
i. ≈ 6 µs    for subcarrier spacing 15 to 30 kHz
ii. ≈ 3 µs    for subcarrier spacing 60 kHz

iii. ≈ 1 µs   for subcarrier spacing 120 kHz
c) Step model with T1=0.5us (PL1=30dB), T2 =3us is proposed for NR in [8]
d) Proposal for NR in [4]
i.  10us for BS OFF to ON at sub 6GHz
ii.  10us for BS ON to OFF at sub 6GHz

iii.  3us for BS OFF to ON at above 6GHz

iv.  3us for BS ON to OFF at above 6GHz
Based on above previous discussions and agreements, we give some calculations on the cell coverage in Table 1and BS to BS distance without interference within the GP in Table 2 based on some assumptions. The formulas used in the tables are listed as below and can be founded in [9]:
GP ≥ 2*Tsync + 2*Tcell +TUE,OFF-ON+TBS,OFF-ON                                      (1)
GP ≥ 2*Tsync + TBS-BS + TBS,ON-OFF +TBS,OFF-ON                                     (2)
The first formula is used to calculate the theoretical cell coverage and the second formula is used to calculate the BS to BS distance without interference within the GP. 
Table 1 Theoretical Cell coverage based on formula (1)
	Frequency range
	Sub 6GHz
	Above 6GHz

	Numerology (kHz)
	15
	30
	60
	60
	120

	GP (symbol)
	1
	1
	2
	1
	2

	GP (us)
	71.4
	35.7
	35.8
	17.9
	17.8

	Sync error (us)
	3
	3
	3
	3
	3

	BS OFF-ON (us)
	10
	10
	10
	3
	3

	UE OFF-ON (us)
	10
	10
	10
	5
	5

	Tcell (us)
	22.7
	4.85
	4.9
	1.95
	1.9

	Cell coverage (m)
	6810
	1455
	1470
	585
	570

	Periodicity of TDD (ms)
	2
	1
	0.5
	0.5
	0.25

	GP overhead (%)
	3.57
	3.57
	7.16
	3.58
	7.12


Table 2 BS to BS distance without interference based on formula (2)
	Frequency range
	Sub 6GHz
	Above 6GHz

	Numerology (kHz)
	15
	30
	60
	60
	120

	GP (symbol)
	1
	1
	2
	1
	2

	GP (us)
	71.4
	35.7
	35.8
	17.9
	17.8

	Sync error (us)
	3
	3
	3
	3
	3

	BS ON-OFF (us)
	10
	10
	10
	3
	3

	BS OFF-ON (us)
	10
	10
	10
	3
	3

	Tbs-bs (us)
	45.4
	9.7
	9.8
	5.9
	5.8

	Two BSs distance (m)
	13620
	2910
	2940
	1770
	1740

	Periodicity of TDD (ms)
	2
	1
	0.5
	0.5
	0.25

	GP overhead (%)
	3.57
	3.57
	7.16
	3.58
	7.12


In Table 2, we can observe that for 30kHz sub-carrier spacing, 1 symbol GP can only guarantee the two BSs within 2.9 km distance to not interfere to each other, i.e. if the two BSs have distance larger than 2.9 km, they cannot be seemed as synchronized and will interfere with each other.
A simple calculation of the interference level between two BSs is done with some assumptions as below:
· CBW=20MHz and carrier frequency=2GHz;

· Aggressor BS transmit power is 43dBm;

· Aggressor and victim BS have 30dB antenna gain isolation;

· Free space path loss;

· Victim BS NF=5dB.

With these assumptions, it is derived that 3.7 dB desensitivity will occur at the victim BS with an aggressor BS as far as 2.9km. It should be noted that there will be not only one aggressor BS around the victim BS at the distance of 2.9 km, the total desensitivity will become larger. An experimental distance to avoid this kind of interference in TDD network in LTE may be 10km. Therefore 1 symbol GP is not enough for 30kHz SCS for TDD system with above assumptions. 
There are some solutions listed as below to avoid BS to BS interference for TDD system:
1. More symbols can be configured for GP to avoid interference between BS. The GP length in us for each SCS may be the same;

2. Improve antenna gain isolation between the two base stations;
3. Other solutions are not excluded.

For above 6GHz, since beamforming is widely used so the antenna gain isolation between the two base stations should be larger than that for sub 6GHz. However, there are no experimental values in hand so it is not sure how far should be enough to avoid BS to BS interference.
Conclusion
This contribution discusses TDD timing budget for NR and observes that to avoid interference between BS, the GP length in us for each SCS may be the same.
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