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1 Introduction
Issue on TDD timing budget such as UL/DL switching time, BS synchronization accuracy was discussed in previous meeting in [1] [2] [3] [4]. This contribution gives further overall consideration on NR timing budget issue.
2 Discussion
2.1 Frame structure
In previous RAN1 meetings, there are some agreements on NR frame structure. Three types of slot are defined for NR and all these types of slot may used for any spectrum regardless of whether it is defined as FDD or TDD in LTE bands.
· DL-only time domain structure composed of a DL transmission part 
· UL-only time domain structure composed of an UL transmission part
· Mixed DL and UL time domain structure composed of a DL transmission part (located at the beginning), a guard and an UL transmission part (located at the end) 
· DL-dominant: a DL transmission part (mainly for data assignments and data), a guard, a configurable short UL transmission part (mainly for UCI and SRS) 
· UL-dominant: a configurable short DL transmission part (mainly for data assignments), a guard, a UL transmission part (mainly for data, UCI and SRS) 
For NR, multiple numerologies with multiple kinds of sub-carrier spacing are introduced to accommodate the channel characteristic for mmWave. For the larger sub-carrier spacing, the symbol length and slot length are also reduced correspondingly which means the guard period between DL/UL switching should be also reduced if similar overhead is kept. Slot durations for different sub-carrier spacing are listed in table 1. For sub-carrier spacing up to 60kHz, the symbol number in one slot can be 7 and 14, whether it should be down selected pending RAN1 decision.
Table 1 Slot durations for different sub-carrier spacing
	Sub-carrier spacing (kHz)
	Symbol length without CP (us)
	Number of symbols in one slot (7 or 14)
	Slot length (us)

	15
	71.35
	7
	500

	30
	35.68
	7
	250

	60
	17.84
	7
	125

	120
	8.92
	14
	125

	240
	4.46
	14
	62.5

	480
	2.23
	14
	31.25


For LTE with only 15kHz sub-carrier spacing, the minimum guard period is 1 symbol. With this GP requirement, BS/UE TX/RX switching time and BS synchronization error requirements are derived from cell coverage and interference point of view. For NR, same impact should be considered on from cell coverage and interference between cells perspective. Below two sections provide the analysis from these two points of view.
2.2 Coverage requirements for GP
Each components of guard period for TDD are illustrated in Figure 1 from coverage perspective.
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Figure 1 GP components considering cell coverage
The guard period is comprised of following parts:

TGP  ≥Tprop, BS-UE + TSync_error,UE-BS + TUE,RX-TX + TBS,RX-TX + Tprop, UE-BS+ TSync_error, BS-UE
Tprop, BS-UE + Tprop, UE-BS = TTA, then

TGP  ≥ TSync_error,UE-BS + TUE,RX-TX + TTA + TBS,RX-TX +TSync_error,BS-UE
· TSync_error, UE-BS : UL timing error due to synchronization error between UE and BS.
· TUE,RX-TX : UE RX to TX switching time.
· TTA : UE timing advance including timing advance accuracy, i.e. round trip time. In the GP calculation, maximum timing advance should be considered including PRACH.
· TBS,RX-TX : BS RX to TX switching time.
· TSync_error, BS-UE: Synchronization error between BS and UE.
Obviously with the sub-carrier spacing becomes wider, 1 symbol is far to be enough for guard period and the resource overhead will become worse. Larger sub-carrier spacing is expected to be used in higher frequency band with smaller coverage, so the propagation delay will be reduced. In order to maintain a reasonable overhead, UE and BS OFF to ON switching time requirements are expected to be improved as much as possible. The capability of the hardware needs to be investigated when specify the requirements.
2.3 Interference requirements for GP
2.3.1 BS-BS interference

Each components of guard period for TDD are illustrated in Figure 2 from BS to BS interference perspective.
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Figure 2 GP components considering BS to BS interference
In order to avoid interference between BS to BS, the time of BS2 starting to receive RX should not be earlier than BS1 ending to transmit TX. Then, the guard period is comprised of following parts:

TBS1 + Tprop,BS1-BS2+ TDwPTS1 + TBS,TX-RX ≤ TBS2+ TDwPTS2 +TGP2
Assuming TDwPTS1 = TDwPTS2, then
TGP2 ≥ TSync_error, BS-BS + Tprop,BS1-BS2 + TBS,TX-RX
· TSync_error,BS-BS : Synchronization error between BS and BS.

· Tprop,BS1-BS2: Propagation delay between BS1 and BS2.
· TBS,TX-RX : BS TX to RX switching time.
In order to maintain a reasonable overhead, BS synchronization error and BS ON to OFF switching time requirements are expected to be improved as much as possible. The capability of the hardware needs to be investigated when specify the requirements.
2.3.2 UE-UE interference

Each components of guard period for TDD are illustrated in Figure 4 from UE to UE interference perspective.
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Figure 3 GP components considering UE to UE interference
In order to avoid interference between UE to UE, the time of UE2 starting to transmit TX should not be earlier than UE1 ending to receive RX from BS1. Then, the guard period is comprised of following parts:
TBS1 + Tprop,BS1-UE1+ TSync_error,UE1-BS1 + TDwPTS1 ≤TBS2 + TDwPTS2+ TGP2 -Tprop,BS2-UE2-TUE,RX-TX -TSync_error,UE1-BS1
Assuming TDwPTS1 = TDwPTS2, then

TGP2 ≥TSync_error,BS-BS + T prop,BS1-UE1+ T prop,BS2-UE2 + 2*TSync_error,UE-BS + TUE,RX-TX
· TSync_error,BS-BS : Synchronization error between BS and BS.

· TSync_error,UE-BS : UL timing error due to synchronization error between UE and BS.

· TUE,RX-TX : UE RX to TX switching time.
· T prop,BS1-UE1: propagation delay from BS1 to UE1 (connected to BS1)

· T prop,BS2-UE2: propagation delay from BS1 to UE2 (connected to BS2)
In order to maintain a reasonable overhead, BS synchronization error and UE OFF to ON switching time requirements are expected to be improved as much as possible. The capability of the hardware needs to be investigated when specify the requirements.

2.4 Related requirements

Related RF/RRM requirements should be decided by considering hardware capability as well as the relationship with GP as following formulas:

TGP  ≥ TSync_error, UE-BS + TUE,RX-TX + TTA + TBS,RX-TX +TSync_error, BS-UE     (1)
TGP ≥ TSync_error, BS-BS + Tprop,BS1-BS2 + TBS,TX-RX                    (2)
TGP ≥TSync_error, BS-BS + T prop,BS1-UE1+ T prop,BS2-UE2 + 2*TSync_error, UE-BS + TUE,RX-TX      (3) 
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6.1.x

NR timing budget
Three types of slot are defined for NR and all these types of slot may used for any spectrum regardless of whether it is defined as FDD or TDD in LTE bands.
· DL-only time domain structure composed of a DL transmission part 
· UL-only time domain structure composed of an UL transmission part
· Mixed DL and UL time domain structure composed of a DL transmission part (located at the beginning), a guard and an UL transmission part (located at the end) 
· DL-dominant: a DL transmission part (mainly for data assignments and data), a guard, a configurable short UL transmission part (mainly for UCI and SRS) 
· UL-dominant: a configurable short DL transmission part (mainly for data assignments), a guard, a UL transmission part (mainly for data, UCI and SRS) 
For NR, multiple numerologies with multiple kinds of sub-carrier spacing are introduced to accommodate the channel characteristic for mmWave. For the larger sub-carrier spacing, the symbol length and slot length are also reduced correspondingly which means the guard period between DL/UL switching should be also reduced if similar overhead is kept. Slot durations for different sub-carrier spacing are listed in table 1. For sub-carrier spacing up to 60kHz, the symbol number in one slot can be 7 and 14, whether it should be down selected pending RAN1 decision.
Table 6.1.x-1 Slot durations for different sub-carrier spacing
	Sub-carrier spacing (kHz)
	Symbol length without CP (us)
	Number of symbols in one slot (7 or 14)
	Slot length (us)

	15
	71.35
	7
	500

	30
	35.68
	7
	250

	60
	17.84
	7
	125

	120
	8.92
	14
	125

	240
	4.46
	14
	62.5

	480
	2.23
	14
	31.25


For LTE with only 15kHz sub-carrier spacing, the minimum guard period is 1 symbol. With this GP requirement, BS/UE TX/RX switching time and BS synchronization error requirements are derived from cell coverage and interference point of view. For NR, same impact should be considered on from cell coverage and interference between cells perspective. Below two sections provide the analysis from these two points of view.

Coverage requirements for GP

Each components of guard period for TDD are illustrated in Figure 1 from coverage perspective.
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Figure 6.1.x-1 GP components considering cell coverage
The guard period is comprised of following parts:

TGP  ≥Tprop, BS-UE + TSync_error,UE-BS + TUE,RX-TX + TBS,RX-TX + Tprop, UE-BS+ TSync_error, BS-UE
Tprop, BS-UE + Tprop, UE-BS = TTA, then

TGP  ≥ TSync_error,UE-BS + TUE,RX-TX + TTA + TBS,RX-TX +TSync_error,BS-UE
· TSync_error, UE-BS : UL timing error due to synchronization error between UE and BS.

· TUE,RX-TX : UE RX to TX switching time.
· TTA : UE timing advance including timing advance accuracy, i.e. round trip time. In the GP calculation, maximum timing advance should be considered including PRACH.
· TBS,RX-TX : BS RX to TX switching time.
· TSync_error, BS-UE: Synchronization error between BS and UE.
Obviously with the sub-carrier spacing becomes wider, 1 symbol is far to be enough for guard period and the resource overhead will become worse. Larger sub-carrier spacing is expected to be used in higher frequency band with smaller coverage, so the propagation delay will be reduced. In order to maintain a reasonable overhead, UE and BS OFF to ON switching time requirements are expected to be improved as much as possible. The capability of the hardware needs to be investigated when specify the requirements.
Interference requirements for GP

BS-BS interference

Each components of guard period for TDD are illustrated in Figure 2 from BS to BS interference perspective.
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Figure 6.1.x-2 GP components considering BS to BS interference
In order to avoid interference between BS to BS, the time of BS2 starting to receive RX should not be earlier than BS1 ending to transmit TX. Then, the guard period is comprised of following parts:

TBS1 + Tprop,BS1-BS2+ TDwPTS1 + TBS,TX-RX ≤ TBS2+ TDwPTS2 +TGP2
Assuming TDwPTS1 = TDwPTS2, then
TGP2 ≥ TSync_error, BS-BS + Tprop,BS1-BS2 + TBS,TX-RX
· TSync_error,BS-BS : Synchronization error between BS and BS.

· Tprop,BS1-BS2: Propagation delay between BS1 and BS2.
· TBS,TX-RX : BS TX to RX switching time.
In order to maintain a reasonable overhead, BS synchronization error and BS ON to OFF switching time requirements are expected to be improved as much as possible. The capability of the hardware needs to be investigated when specify the requirements.
UE-UE interference

Each components of guard period for TDD are illustrated in Figure 4 from UE to UE interference perspective.
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Figure 6.1.x-3 GP components considering UE to UE interference
In order to avoid interference between UE to UE, the time of UE2 starting to transmit TX should not be earlier than UE1 ending to receive RX from BS1. Then, the guard period is comprised of following parts:

TBS1 + Tprop,BS1-UE1+ TSync_error,UE1-BS1 + TDwPTS1 ≤TBS2 + TDwPTS2+ TGP2 -Tprop,BS2-UE2-TUE,RX-TX -TSync_error,UE1-BS1
Assuming TDwPTS1 = TDwPTS2, then

TGP2 ≥TSync_error,BS-BS + T prop,BS1-UE1+ T prop,BS2-UE2 + 2*TSync_error,UE-BS + TUE,RX-TX
· TSync_error,BS-BS : Synchronization error between BS and BS.

· TSync_error,UE-BS : UL timing error due to synchronization error between UE and BS.

· TUE,RX-TX : UE RX to TX switching time.
· T prop,BS1-UE1: propagation delay from BS1 to UE1 (connected to BS1)

· T prop,BS2-UE2: propagation delay from BS1 to UE2 (connected to BS2)
In order to maintain a reasonable overhead, BS synchronization error and UE OFF to ON switching time requirements are expected to be improved as much as possible. The capability of the hardware needs to be investigated when specify the requirements.

Related requirements

Overall, timing related RF/RRM requirements should be decided by considering hardware capability as well as the relationship with GP as following formulas:

TGP  ≥ TSync_error, UE-BS + TUE,RX-TX + TTA + TBS,RX-TX +TSync_error, BS-UE     (1)
TGP ≥ TSync_error, BS-BS + Tprop,BS1-BS2 + TBS,TX-RX                    (2)
TGP ≥ TSync_error, BS-BS + T prop,BS1-UE1+ T prop,BS2-UE2 + 2*TSync_error, UE-BS + TUE,RX-TX      (3)
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