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Introduction
In this contribution, we provide our consideration on MTTD&MRTD requirements for intra-band sync EN-DC.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]RAN4 had discussed how to define MTTD&MRTD requirements for intra-band sync EN-DC for several meeting cycles. In last RAN4 90bis meeting, we have achieved agreements as below:
Agreement: For MTTD for intra-band synchronous EN-DC
· [5.21]us for 15KHz SCS on NR side, if ul-TimingAlignmentEUTRA-NR is absent.
· FFS the relation between the capabilities of ul-TimingAlignmentEUTRA-NR and single PA capability.
· FFS for higher SCS on NR side, if ul-TimingAlignmentEUTRA-NR is absent.
· Otherwise, single timing is used on UL if ul-TimingAlignmentEUTRA-NR is signaled, which applies for the same SCS, i.e., 15KHz SCS at LTE + 15KHz SCS at NR.

In Rel-15, UE for EN-DC operation will be configured with two TAGs, i.e. pTAG for LTE and psTAG for NR. According to [1], UL timing follows the DL timing for each of the RATs with additional 3GPP specified allowed UE uplink errors. MTTD is defined as MRTD plus the UL transmission accuracy from the UE, with UL transmission accuracy defined as ~2.21us.  
2.1 MTTD for higher SCS on NR side
Regarding MRTD already defined for intra-band EN-DC as 3us for 15/30/60 kHz SCS of NR in Table 7.6.3-1, which are applicable for E-UTRA TDD-NR TDD and E-UTRA FDD-NR FDD intra-band synchronous EN-DC. And in draft CR [1], [5.21] us has been defined for 15KHz SCS on NR, if ul-TimingAlignmentEUTRA-NR is absent. In our view, the same value can be reused for other cases of 30KHz and 60KHz NR SCS, if ul-TimingAlignmentEUTRA-NR is absent.
Table 7.6.3-1 Maximum receive timing difference requirement for intra-band synchronous EN-DC
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (kHz) Note1
	Maximum receive timing difference (µs)

	15
	15
	3

	15
	30
	3

	15
	60
	3

	NOTE 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.



Proposal 1: The same value 5.21us can be reused for higher SCS on NR side (as defined in the following Table), if ul-TimingAlignmentEUTRA-NR is absent.
Table 7.5.3-1 Maximum uplink transmission timing difference requirement for intra-band synchronous EN-DC
	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
	[5.21]

	15
	60
	[5.21]

	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.  



2.2 ul-TimingAlignmentEUTRA-NR and PA capability
The relation between the capabilities of ul-TimingAlignmentEUTRA-NR and PA capability is suggested to be further clarified. The two UE capabilities signalling are introduced for EN-DC band combinations: 
· dualPA-Architecture : whether to support dual power amplifier or single power amplifier, which is only for intra-band band combinations.
· singleUL-Transmission: whether to support dual simultaneous UL or single simultaneous UL transmissions
According to [1], there are several cases for single UL or dual UL transmission:
· Case #1: single simultaneous UL + single power amplifier (singleUL+singlePA)
· Case #2: single simultaneous UL + dual power amplifier (singleUL+dualPA)
· Case #3: dual simultaneous UL + single power amplifier (dualUL+singlePA)
· Case #4: dual simultaneous UL + dual power amplifier (dualUL+dualPA)
We can find that MTTD=5.21us is acceptable for intra-band sync EN-DC for both single and dual UL transmission, if ul-TimingAlignmentEUTRA-NR is absent. 
However, whether ul-TimingAlignmentEUTRA-NR is supported for intra-band sync EN-DC or not, it does not depend on UE implementation of PA architecture. For single PA capability, it is assumed that LTE and NR share the same RF chain.  The same UL timing can be easily fulfilled from UE side with single PA capability and dual simultaneous UL transmission, while dual PA capability are not precluded and TBD. Besides, for single UL timing implementation in intra-band sync EN-DC, it is better to clarify which reference cell is used by UE.
Observation 1: It could be specified that UE use LTE PCell or NR PSCell as reference cell for deriving both LTE UL and NR UL transmit timing.
Proposal 2: For intra-band sync EN-DC, UE is allowed to implement single UL timing with UE PA implementation independent.

Conclusions
Proposal 1: The same value 5.21us can be reused for higher SCS on NR side, if ul-TimingAlignmentEUTRA-NR is absent.
Observation 1: It could be specified that UE use LTE PCell or NR PSCell as reference cell for deriving both LTE UL and NR UL transmit timing.
Proposal 2: For intra-band sync EN-DC, UE is allowed to implement single UL timing with UE PA implementation independent.

Reference
[1]. [bookmark: OLE_LINK682][bookmark: OLE_LINK683][bookmark: OLE_LINK2]R4-1903429, Discussion on UE capability of UL timing for EN-DC, OPPO
[2]. R4-1905220, Draft CR on MTTD requirements for intra-band sync EN-DC (section 7.5.3), Huawei, HiSilicon
[3]. R4-1903731, Discussion on MTTD requirements for intra-band sync EN-DC, Huawei, HiSilicon
8

1

