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1 Introduction
In RAN1#95 meeting, LS on timing related capability for intra-band EN-DC was agreed [1]. The agreements related to RAN4 are as follows:

	· Introduce a new capability bit. 
· The bit is applicable only for the cases where 
· A dynamic power sharing capable UE operates in an intra-band synchronous contiguous EN-DC network.
· FFS: A UE supporting FDM-based ULSUP.
· If not voided subsequently, the bit is used for handling UEs that can only apply same timing between NR and LTE.
· Decide after further progress in RAN4 on whether a UE setting this bit to 1 is supported and whether the associated UE behaviour for UEs reporting this capability needs to be differentiated.
· If there is a new UE behaviour defined, FFS how the network can simultaneously serve two different UE types 
· Whether the bit is set or not, the UE is capable of receiving independent TA commands on the MCG and the SCG
· UEs that set this bit to 0 should be able to operate with a timing difference up to applicable MTTD requirements when operating in a synchronous intra-band contiguous EN-DC network.



In the last RAN4 meeting, following table was agreed [2]:

	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
	[5.21]Note1

	15
	30
	[TBD]

	15
	60
	[TBD]

	NOTE 1:	This is not applicable for a UE which indicates the capability of only supporting single UL timing (ul-TimingAlignmentEUTRA-NR is signalled). Single UL timing for E-UTRA and NR cell is assumed for this UE.  



In this contribution, we provide our views on remaining issue of MRTD and MTTD requirements for intra-band synchronous EN-DC.
2 Discussion
In the current RAN4 specification [2], MRTD requirement for intra-band synchronous EN-DC has already specified as 3us, which derives from cell phase synchronous error. Since RAN4 has already agreed that cell phase synchronous error is specified regardless of SCS, i.e. 3us, MRTD shall not be changed from 3us at this late stage.

Proposal 1:
Keep the existing MRTD requirements for intra-band synchronous EN-DC regardless of PCell and PSCell DL SCS.

Regarding MTTD for intra-band synchronous EN-DC, some companies proposed to specify this requirement as 5.21us (3us + 2.21us), but other companies had a concern on such large value in case of larger DL SCS. According to the agreement on LTE Carrier Aggregation Enhancements in RAN4#68bis, LTE max UL time difference between TAGs was calculated based on MRTD requirement and the worst additional delay associated with maximum initial transmission timing error and uncertainty of the reception time in the UE downlink as follows [3]:

· Factor (1): Propagation delay difference: 30 us
· Factor (2): Initial transmission timing error: ±24Ts (assuming 1.4MHz BW as the worst case)
· Factor (3): Uncertainty of the reception time in the UE downlink: ±10Ts
· Factor (4): eNB time alignment error (TAE): 260ns
· UL time difference between TAGs (MTTD for LTE CA)
·  (1) +2*((2) +(3)) +(4) = 30us + 2.21us +0.26 us = 32.47us

In case of intra-band synchronous EN-DC, Factor (1) is 0us considering co-locate deployment and Factor (4) is 3us considering existing MRTD requirement. Factor (2) derives from UE transmit timing error (Te), which has different value according to SCS of SSB and uplink signals as following table in TS38.133. According to this table, the maximum number of Te in FR1 is +/-12*64*Tc (=+/-12Ts). When smaller value of MTTD than 5.21us is defined, this value should be taken into account for factor (2). Regarding factor (3), it may be better to keep existing value as the extra margin at UE side.
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
	[bookmark: _GoBack]60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Proposal 2:
+/-12*64*Tc (=12Ts) needs to be taken into account for initial transmission timing error even if smaller value of MTTD than 5.21us is specified.

Based on above, MTTD for intra-band synchronous EN-DC could be calculated as follows:
· Factor (1): Propagation delay difference: 0 us
· Factor (2): Initial transmission timing error: ±12*64*Tc (= ±12Ts)
· Factor (3): Uncertainty of the reception time in the UE downlink: ±10Ts
· Factor (4): MRTD: 3us
· MTTD for intra-band synchronous EN-DC
· (1) +2*((2) +(3)) +(4) = 0us + 1.43us +3 us = 4.43us

Proposal 3:
MTTD for intra-band synchronous EN-DC could be calculated as follows if smaller value of MTTD is specified:
· Factor (1): Propagation delay difference: 0 us
· Factor (2): Initial transmission timing error: ±12*64*Tc (= ±12Ts)
· Factor (3): Uncertainty of the reception time in the UE downlink: ±10Ts
· Factor (4): MRTD: 3us
· MTTD for intra-band synchronous EN-DC
· (1) +2*((2) +(3)) +(4) = 0us + 1.43us +3 us = 4.43us

3 Conclusion
In this contribution, we provided our views on the necessity of MTTD requirement for intra-band synchronous EN-DC. Our proposals are as follows:

Proposal 1:
Keep the existing MRTD requirements for intra-band synchronous EN-DC regardless of PCell and PSCell SCS.

Proposal 2:
+/-12*64*Tc (=12Ts) needs to be taken into account for initial transmission timing error even if smaller value of MTTD than 5.21us is specified.

Proposal 3:
MTTD for intra-band synchronous EN-DC could be calculated as follows if smaller value of MTTD is specified:
· Factor (1): Propagation delay difference: 0 us
· Factor (2): Initial transmission timing error: ±12*64*Tc (= ±12Ts)
· Factor (3): Uncertainty of the reception time in the UE downlink: ±10Ts
· Factor (4): MRTD: 3us
· MTTD for intra-band synchronous EN-DC
· (1) +2*((2) +(3)) +(4) = 0us + 1.43us +3 us = 4.43us
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