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1. Introduction
In RAN4#85 meeting, RAN4 had extensive discussion on synchronous EN-DC requirements, while the values of MTTD and MRTD are still TBD. In this contribution, we discuss the related MTTD and MRTD requirements for synchronous EN-DC.
2. Discussion
2.1 Inter-band synchronous EN-DC
In LTE, the requirements for inter-band synchronous dual connectivity in [1] are defined as follows:
· The maximum uplink transmission timing difference between PCell and PSCell is 35.21us;
· The maximum relative receive timing difference between MCG and SCG is 33us.
The 33us of MRTD is made up of 30us +3us, where 30us maximum time difference reflects the maximum 9Km relative propagation distance difference and 3us is the cell synchronization error. Since such network deployment can be used for EN-DC operation as well, we propose to reuse 33us of MRTD for synchronous inter-band EN-DC.
Proposal1: For synchronous inter-band EN-DC operation, the maximum receive timing difference (MRTD) is defined as 33us.
The 35.21us of MTTD is determined as follows based on methodology from [2]
· Factors involved for calculation:
· Factor (1): Propagation delay difference → 30μs
· Factor (2): Initial transmission timing error → ±24Ts
· Factor (3): Uncertainty of the reception time in the UE downlink → ±10Ts
· Factor (4): eNB timing alignment error (TAE) → 3μs
· Max UL timing difference between CGs: (1) + 2×[(2) + (3)] + (4) = 30us + 2.21us +  3us = 35.21μs
For inter-band synchronous EN-DC case, we can follow the similar 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.
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
	34.76

	15
	60
	34.76

	15
	120
	34.54



Proposal2: For synchronous inter-band EN-DC operation, 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
	34.76

	15
	60
	34.76

	15
	120
	34.53



2.2 Intra-band synchronous EN-DC
In the agreed WF [3], it is proposed to only consider collocation scenario for intra-band LTE-NR DC in Rel-15. The UE MRTD can be derived by the sum of propagation delay difference and network synchronization error. 
When discussing MRTD requirement, the worst scenario should be considered and the maximum propagation delay difference (30us) shall be taken into account. And we shall define one general maximum receive timing difference for intra-band synchronous EN-DC regardless intra-band synchronous EN-DC is collocation or non-collocation. If we define one MRTD requirement for collocation scenario and another MRTD requirement for non-collocation scenario, which MRTD requirement shall UE follow and what are UEs behaviour? Since UEs do not know the information that intra-band synchronous EN-DC is collocated or non-collocated. Thus, we shall specify a general MRTD requirement for intra-band synchronous EN-DC other than defining the requirement only for collocation scenario. And we propose that MRTD requirement for intra-band synchronous EN-DC will not be introduced in Rel-15, if non-collocation scenario for intra-band synchronous EN-DC is supported in future release, a general MRTD requirement shall be introduced.
Observation 1: For intra-band synchronous EN-DC, MRTD requirement shall be defined for both collocation scenario and non-collocation scenario. 
Proposal 3: MRTD requirement for intra-band synchronous EN-DC will not be introduced in Rel-15.
3. Conclusion
In this contribution, we discuss the related MTTD and MRTD requirements for synchronous EN-DC, and provide the proposals as follows:
Proposal1: For synchronous inter-band EN-DC operation, the maximum receive timing difference (MRTD) is defined as 33us.
Proposal2: For synchronous inter-band EN-DC operation, 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
	34.76

	15
	60
	34.76

	15
	120
	34.53


Observation 1: A general MRTD requirement shall be defined for intra-band synchronous EN-DC. 
Proposal 3: MRTD requirement will not be introduced for intra-band synchronous EN-DC in Rel-15.
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