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1. Introduction

In previous RAN4 meetings, companies provided papers discussing on the requirements of BS timing in NR RRM. In this contribution, we will provide our further considerations on the BS synchronization requirements for NR.
2. Discussion
It is obvious that the requirements on BS synchronization error should be defined for NR TDD cells to avoid cross-link interference. Based on the discussion in [1], it can be observed that the BS synchronization error is affected by several factors, including cell coverage radius, the range of UE transmit timing advance, the length of guard period, the time of BS and UE power ramping up/down. Also the following restrictions are observed in order to avoid BS-BS interference and UE-UE interference.
Table 1: Restrictions for BS synchronization error
	Case 1
	BS-BS interference at DL-to-UL switching
	Terror < TGP – TTA1 + 2 Tprop,BS1-UE1 - Tprop,BS1-BS2 - TBS,TX-RX

	Case 2
	BS-BS interference at UL-to-DL switching
	Terror < TTA2 - TBS,RX-TX - 2 Tprop,BS2-UE2 + Tprop,BS1-BS2

	Case 3
	UE-UE interference at DL-to-UL switching
	Terror < TGP – TTA1 - TUE,RX-TX - Tprop,BS2-UE2 + Tprop,BS1-UE1 + Tprop,UE1-UE2

	Case 4
	UE-UE interference at UL-to-DL switching
	Terror < TTA2 - TUE,TX-RX - Tprop,BS2-UE2 - Tprop,UE1-UE2 + Tprop,BS1-UE1


Where Terror describes the Tx timing error between different BSs. Tprop,X-Y shows the propagation delay between X and Y. TBS,TX-RX and TBS,RX-TX show BS power ramping down time and BS power ramping up time respectively. TUE,TX-RX and TUE,RX-TX show UE power ramping down time and UE power ramping up time respectively. TTA1 is the timing advance between UE1 (connected to BS1) transmit timing and receiving downlink timing from BS1. TTA2 is the timing advance between UE2 (connected to BS2) transmit timing and receiving downlink timing from BS2. TGP is the guard period for TDD operation.
In LTE for TDD operation, the timing advance between UE transmit timing and receiving downlink timing includes a constant duration and a dynamic range of UE transmit timing adjustment. The constant duration is set to allow uplink-to-downlink switching in a TDD cell and shall be specified in RAN1, which is denoted as TTA_offset. The dynamic timing adjustment usually is twice of the propagation delay between BS and UE. Then, TTA1 is and TTA2 is can be expressed as:

TTA1 = TTA_offset + 2 Tprop,BS1-UE1
TTA2 = TTA_offset + 2 Tprop,BS2-UE2
Hence, the restrictions for BS synchronization error in Table 1 can be described by the following formulae respectively.
Terror < TGP – TTA_offset - Tprop,BS1-BS2 - TBS,TX-RX
















(1)
Terror < TTA_offset - TBS,RX-TX + Tprop,BS1-BS2


















(2)
Terror < TGP – TTA_offset - TUE,RX-TX - Tprop,BS2-UE2 - Tprop,BS1-UE1 + Tprop,UE1-UE2








(3)
Terror < TTA_offset - TUE,TX-RX + Tprop,BS2-UE2 - Tprop,UE1-UE2 + Tprop,BS1-UE1









(4)
For case 1, considering the worst scenario, BS1 and BS2 are not co-located. The propagation delay between BS1 and BS2 cannot be ignored. Thus, the formula (1) can be expressed as:
Terror < TGP – TTA_offset - TBS,TX-RX - Tprop,BS1-BS2
















(5)
For case 2, considering the worst scenario, BS1 and BS2 are co-located and the distance between BS1 and BS2 is zero, then the formula (2) can be expressed as:
Terror < TTA_offset - TBS,RX-TX






















(6)
For case 3 and 4, considering the worst scenario, UE1 are very close to UE2 and the propagation delay between UE1 and UE2 can be ignored. In this scenario, the UE have strong interference to the other UE. Usually UE1 and UE2 are both located in coverage edge. The propagation delay between BS and UE located in coverage edge is assumed as Tcell_radius. So, the formula (3) and (4) can be expressed as:
Terror < TGP – TTA_offset - TUE,RX-TX - 2Tcell_radius
















(7)
Terror < TTA_offset - TUE,TX-RX + 2Tcell_radius


















(8)
Based on formula (5) and (6), the following can be derived as:
2Terror + TBS,TX-RX + TBS,RX-TX + Tprop,BS1-BS2 < TGP















(9)
Based on formula (6) and (7), the following can be derived as:
2Terror + TBS,RX-TX + TUE,RX-TX + 2Tcell_radius < TGP














(10)
Based on formula (7) and (8), the following can be derived as:
2Terror + TUE,TX-RX + TUE,RX-TX < TGP


















(11)
Based on above analysis, it can be observed that the BS synchronization error is restricted by formulas (9) (10) and (11). For a given guard period, the BS synchronization error should be compromised with BS power ramping time, UE power ramping time and cell coverage radius.
The power ramping time for both BS and UE has been discussed in RAN4 RF session. Based on the agreed way forward [2], the UE power ramping time for sub6GHz is recommended as 5(s or 10(s, the UE power ramping time for above 6GHz is recommended as 5(s. In this meeting, [4] provides analysis on BS transmitter transient period (i.e., BS ramping up/down time).
Based on [2] and [3], Table 1 summarize some typical values for BS/UE power ramping up/down time. The exact values needs further discussion, and the listed values are used as a good starting point.
Table 1: Parameter assumption for BS/UE power ramping time (Unit: (s)
	Frequency range
	TBS, TX-RX
	TBS, RX-TX
	TUE, TX-RX
	TUE, RX-TX

	sub6GHz
	10
	10
	10
	10

	above 6GHz
	3
	3
	5
	5


In NR, several types of subcarrier spacing (SCS) are supported and the length of slot/symbol is scaling with SCS. For DL-UL switching periodicity, RAN1 has the following agreements [4]:

	Agreements:
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:

· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;

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

· FFS: details


It can be seen that the assignment of DL/UL transmission is periodic and the periodicity value is determined by SCS. A shorter DL/UL switching periodicity is likely applied to a larger SCS. If the same guard period overhead are considered for different DL/UL switching periodicities, then the length of guard period will be narrowed due to large SCS. Thus, the absolute length of guard period is strongly related to the subcarrier spacing. Based on the agreements on SCS for NR [5], the SCS with 15/30/60 kHz shall be supported for sub6GHz, and the SCS with 60/120 kHz shall be supported for above 6GHz. Since the guard period shall be longer than the sum of BS/UE power ramping down time and BS/UE power ramping up time, the length of guard period in Table 2 is assumed for the worst case.

Table 2: Parameter assumption for guard period with different SCS
	Frequency range
	sub6GHz
	above 6GHz

	Subcarrier spacing (Unit: kHz)
	15
	30
	60
	60
	120

	Guard Period (Unit: symbol)
	1
	1
	2
	1
	2

	Guard Period (Unit: us)
	71.36
	35.68
	35.68
	17.84
	17.84


In this contribution, we provide the cell coverage calculations for different sets of assumed parameters under the restrictions described as formula (9), as shown in Table 3. Herein the BS synchronization error is assumed within 3(s.
Table 3: Cell coverage calculation for different assumptions
	Frequency range
	sub6GHz
	above 6GHz

	Subcarrier spacing (Unit: kHz)
	15
	30
	60
	60
	120

	Guard Period (Unit: us)
	71.36
	35.68
	35.68
	17.84
	17.84

	TBS, TX-RX (Unit: us) 
	10
	10
	17
	3
	3

	TBS, RX-TX (Unit: us)
	10
	10
	6.25
	3
	3

	TUE, TX-RX (Unit: us) 
	10
	10
	10
	5
	5

	TUE, RX-TX (Unit: us)
	10
	10
	10
	5
	5

	Terror (Unit: us)
	3
	3
	3
	3
	3

	Tprop,BS1-BS2 (Unit: us)
	<45.36
	<9.68
	<9.68
	<5.9
	<5.9

	Inter-BS distance (Unit: km)
	<13.6
	<2.9
	<2.9
	<1.7
	<1.7


Based on Table 3, it is observed that for SCS 30kHz and 60kHz, the supported inter-BS distance is reduced significantly compared with SCS 15kHz. In order to maintain the same inter-BS distance as 15kHz SCS to avoid BS to BS interference, we suggest that the GP length for each SCS at below 6GHz is the same. Table 4 gives the updated calculation.
Table 4: Cell coverage calculation for different assumptions
	Frequency range
	sub6GHz
	above 6GHz

	Subcarrier spacing (Unit: kHz)
	15
	30
	60
	60
	120

	Guard Period (Unit: us)
	71.36
	71.36
	71.36
	17.84
	17.84

	TBS, TX-RX (Unit: us) 
	10
	10
	10
	3
	3

	TBS, RX-TX (Unit: us)
	10
	10
	10
	3
	3

	TUE, TX-RX (Unit: us) 
	10
	10
	10
	5
	5

	TUE, RX-TX (Unit: us)
	10
	10
	10
	5
	5

	Terror (Unit: us)
	3
	3
	3
	3
	3

	Tprop,BS1-BS2 (Unit: us)
	<45.36
	<45.36
	<45.36
	<5.9
	<5.9

	Inter-BS distance (Unit: km)
	<13.6
	<13.6
	<13.6
	<1.7
	<1.7

	Tcell_radius (Unit: us) 
	<24.5
	<24.5
	<24.5
	<1.9
	<1.9

	Cell Radius (Unit: km)
	<7.36
	<7.36
	<7.36
	<0.6
	<0.6


In LTE, the BS synchronization requirements is 3(s which is defined for the cell radius with 3km. Based on the calculation in Table 4, it can be observed that the  interference between two BSs which distance is within 13.6 km can be handled within GP. Provided that the cell radius is 3km, it means that the BSs which are within the second cellular tier (i.e., 12km) could be maintained synchronized. This synchronization requirement is comparable with LTE.
Even BS/UE power ramping time is still under discussion and the guard period configurations have not been finalized in RAN1, we try to find a methodology to study BS synchronization requirements for NR TDD cells. We suggest that the BS synchronization requirements with 3(s can be used as a starting point.
Proposal 1: The BS synchronization requirements in LTE (i.e. BS synchronization error within 3(s) can be assumed as a starting point for studying BS synchronization requirements in NR.
3. Conclusions

This contribution provides our further analysis on BS synchronization requirements for NR TDD cells. Based on the analysis, we suggest that: 
Proposal 1: The BS synchronization requirements in LTE (i.e. BS synchronization error within 3(s) can be assumed as a starting point for studying BS synchronization requirements in NR.
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