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1. Introduction
In RAN4 AH#1801 meeting, RAN4 had extensive discussion on MTTD and MRTD requirements for synchronous EN-DC, and a WF [1] was agreed on MTTD and MRTD requirements, for higher order SCS, MTTD and MRTD shall be determined by taking the following aspects into account:
· All supported network deployment scenarios
· Power control related issues
· Other aspect is not precluded
In this contribution, we further discuss the related MTTD and MRTD requirements for synchronous EN-DC.
2. Discussion
2.1 Inter-band synchronous EN-DC
In WF [1], for inter-band synchronous EN-DC, the MTTD value shall be determined by calculating the factors as follows:
· Factor 1: Propagation delay difference 
· Factor 2: Initial transmission timing error
· Factor 3: Uncertainty of the reception time in the UE downlink 
· Factor 4: Cell phase synchronization error
And for inter-band synchronous EN-DC, the MRTD value shall be determined by calculating the factors as follows:
· Factor 1: Propagation delay difference 
· Factor 2: Cell phase synchronization error
Regarding the propagation delay difference, the timing offset of 30µs is based on propagation delay in the network deployment, which can be up to 9Km relative propagation distance difference. In last meeting, for higher order SCS case, some analysis [2] illustrated that propagation delay difference of 30µs (one OFDM symbol for 30 kHz, two OFDM symbols for 60 kHz, and four OFDM symbols for 120 kHz) may cause a large power imbalance between PCell signal and PSCell signal, and the UE demodulation performance will be degraded. 
This analysis is under the assumption that UE is implemented with single receiver chain (with shared LNA) and single FFT, however, for inter-band EN-DC, UE should be equipped with separate receiver chain including LNA and FFT to be able to demodulate PCell signal and PSCell signal. RF core requirement for inter-band EN-DC shall be defined by assuming that the UE is equipped with separate receiver chain including LNA and FFT. Considering that there could also large power imbalance between PCell and PSCell with different order SCS, UE receiver with separate LNA is essential to achieve optimal sensitivity for PCell signal and PSCell signal respectively.
Observation 1: For inter-band EN-DC, it is assumed that UE is equipped with separate receiver chain including LNA and FFT, UE receivers with separate LNA can handle timing offset of 30µs between for PCell signal and PSCell signal with different order SCS.
Considering above assumption for inter-band EN-DC case, propagation delay difference of 30µs shall be defined for different order SCS based on all supported network deployment. Therefore, we propose that MRTD for inter-band synchronous EN-DC shall be defined as 33µs, where 30µs maximum time difference reflects the maximum 9Km relative propagation distance difference and 3µs is the cell synchronization error. 
Proposal1: For inter-band synchronous EN-DC, the maximum receive timing difference (MRTD) is defined as 33 µs.
For inter-band synchronous EN-DC case, we can follow the methodology to calculate MTTD value 
· Factor (1): Propagation delay difference → 30μs
· Factor (2): Initial transmission timing error → ±24Ts for E-URAN and ±Te defined in table 7.1.2-1 in TS38.133
· Factor (3): Uncertainty of the reception time in the UE downlink → ±10Ts
· Factor (4): Cell phase synchronization accuracy  between eNB and gNB → 3μs
The UE initial transmission timing error is defined as follows in [3]:
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	[12]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[10]*64*Tc

	
	30
	15
	[8]*64*Tc

	
	
	30
	[8]*64*Tc

	
	
	60
	[7]*64*Tc

	2
	120
	60
	[3.5]*64*Tc

	
	
	120
	[3.5]*64*Tc

	
	240
	60
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4][3]*64*Tc

	
	
	120
	[3]*64*Tc

	Note 1:Tc is the basic timing unit defined in TS 38.211
Editor’s note: The final values of Te for 120KHz SSB SCS are subject to further discussions in further meeting, and may not be outside 3*64*Tc to 3.5*64*Tc.


With different SCS of uplink for data in PSCell, the Te shall be chosen the maximum value to calculate the maximum transmission timing difference. Considering the values for different SCS are quite the same, thus, it is better to define single value for all SCS-es.
And the maximum transmission timing difference can be defined as follows:
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	34.82

	15
	30
	34.82

	15
	60
	34.82

	15
	120
	34.82



Proposal2: For inter-band synchronous EN-DC, the maximum transmission timing difference (MTTD) is defined as follows:
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	34.82

	15
	30
	34.82

	15
	60
	34.82

	15
	120
	34.82



2.2 Intra-band synchronous EN-DC
For intra-band EN-DC, it is proposed to only consider collocation scenario in Rel-15. And it was agreed that MRTD requirement shall be defined as 3μs in [1].  
Proposal 3: For intra-band synchronous EN-DC, MRTD requirement is defined as follows:
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	3

	15
	30
	3

	15
	60
	3

	15
	120
	3



3. Conclusion
In this contribution, we discuss the related MTTD and MRTD requirements for synchronous EN-DC, and provide the proposals as follows:
Observation 1: For inter-band EN-DC, it is assumed that UE is equipped with separate receiver chain including LNA and FFT, UE receivers with separate LNA can handle timing offset of 30µs between for PCell signal and PSCell signal with different order SCS.
Proposal1: For inter-band synchronous EN-DC, the maximum receive timing difference (MRTD) is defined as 33 µs.
Proposal2: For inter-band synchronous EN-DC, the maximum transmission timing difference (MTTD) is defined as follows:
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	34.82

	15
	30
	34.82

	15
	60
	34.82

	15
	120
	34.82



Proposal 3: For intra-band synchronous EN-DC, the maximum receive timing difference (MRTD) is defined as follows:
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	3

	15
	30
	3

	15
	60
	3

	15
	120
	3
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