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Introduction
RAN4 had discussed how to define MTTD requirements for intra-band sync EN-DC for several meeting cycles. In this contribution, we provide our discussion on the maximum receive timing difference (MRTD) and maximum transmit timing difference (MTTD) requirements for intra-band sync EN-DC.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]In Rel-15, UE is mandatory to support two timing advances for EN-DC band combination. In EN-DC operation, UE will be configured with two TAGs, i.e. pTAG for LTE and psTAG for NR. As we known, the MTTD requirements depend on the MRTD requirements. Currently, the MRTD between LTE PCell and NR PSCell is defined as 3us for intra-band sync EN-DC with assuming that the cell sync error between PCell and PSCell is within 3us. Accordingly, the MRTD shall be defined as 5.21us in considering of 2.21us UE implementation margin.
The UL transmission scheme for EN-DC depends on UE capability. In TS 38.306, the following two UE capabilities are introduced for EN-DC band combinations. 
· Whether to support dual power amplifier or single power amplifier, which is indicated by the parameter dualpA-Architecture and only for intra-band band combinations.
· Whether to support dual simultaneous UL or single simultaneous UL transmissions, which is indicated by the parameter singleUL-Transmission.
According to these two UE capabilities, four cases can be listed as follows:
· 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)
When single simultaneous UL transmissions is allowed for EN-DC, the transient period shall be considered for LTE-to-NR switching and NR-to-LTE switching. For single PA capability, 120 us maximum UL switching time as defined in section 6.3B.2 of TS 38.101-3 shall also be considered. For case #1, the UL transmission scheme considering both UL switching time and transient period can be shown as Figure 1. For case #2, the UL transmission scheme only considering transient period can be shown as Figure 2.


Figure 1: EN-DC UL transmission scheme for singleUL+singlePA capability


Figure 2: EN-DC UL transmission scheme for singleUL+dualPA capability
For case #1 and #2, the 5.21us MTTD is overlapped with UL switching time or transient period, which will not cause additional interruptions.
Observation 1: When UE supports single simultaneous UL transmissions, MTTD=5.21us is acceptable for intra-band sync EN-DC.
When dual simultaneous UL transmissions is supported for intra-band EN-DC, there are neither UL switching time nor transient period to be considered. For case #3 and case #4, the UL transmission scheme between LTE and NR can be shown as Figure 3. The end portion of NR slot (or LTE subframe) will be overlapped with the start portion of LTE subframe (or NR slot). The overlapping portion marked as grey in figure 3 equals to 5.21us.


Figure 3: Transmission scheme between LTE and NR for dualUL capability
For dual PA capability, it is assumed that LTE and NR have separate RF chains. UE shall be capable of handling the 5.21us overlapping portion.
Observation 2: When UE supports dual simultaneous UL transmissions, MTTD=5.21us is acceptable for intra-band sync EN-DC with dual PA capability.
For single PA capability, it is assumed that LTE and NR share the same RF chain. Some UE vendors shown concerns on the 5.21us overlapping portion and a smaller MTTD is expected. In [1], one solution were proposed to use single UL timing for LTE and NR. For example, UE uses LTE PCell or NR PSCell as reference cell for deriving both LTE UL transmit timing and NR UL transmit timing.
Proposal 1: For intra-band sync EN-DC, UE only supporting dual simultaneous UL transmissions and single PA capability is allowed to implement single UL timing.
It can be observed that applying single UL timing for EN-DC is equivalent to configuring single TAG for EN-DC. For single UL timing implementation, either LTE PCell or NR PSCell can be used as reference cell.


Figure 4: Example of UE applying single UL timing in EN-DC
As shown in Figure 4, the LTE and NR uplink receive timing as BS side for two alternatives are different. For single UL timing implementation, it is better to clarify which reference cell is used by UE.
Proposal 2: For single UL timing implementation in intra-band sync EN-DC, it could be specified that UE use LTE PCell as reference cell for deriving both LTE UL and NR UL transmit timing.
Based on the above analysis, the MTTD requirements for intra-band sync EN-DC can be defined as follows:
Proposal 3: The MTTD requirements for intra-band sync EN-DC is defined as Table 1.
Table 1: Maximum 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) Note1

	15
	15
	5.21

	15
	30
	5.21

	15
	60
	5.21

	NOTE 1:	When single simultaneous UL transmissions is not allowed, as defined in TS 38.101-3, the requirement in this table is not applicable for intra-band EN-DC without dual PA capability.



Conclusions
This contribution provide analysis on how to define MTTD requirements for intra-band EN-DC, and the followings are provided.
Observation 1: When UE supports single simultaneous UL transmissions, MTTD=5.21us is acceptable for intra-band sync EN-DC.
Observation 2: When UE supports dual simultaneous UL transmissions, MTTD=5.21us is acceptable for intra-band sync EN-DC with dual PA capability.
Proposal 1: For intra-band sync EN-DC, UE only supporting dual simultaneous UL transmissions and single PA capability is allowed to implement single UL timing.
Proposal 2: For single UL timing implementation in intra-band sync EN-DC, it could be specified that UE use LTE PCell as reference cell for deriving both LTE UL and NR UL transmit timing.
Proposal 3: The MTTD requirements for intra-band sync EN-DC is defined as Table 1.
Table 1: Maximum 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) Note1

	15
	15
	5.21

	15
	30
	5.21

	15
	60
	5.21

	NOTE 1:	When single simultaneous UL transmissions is not allowed, as defined in TS 38.101-3, the requirement in this table is not applicable for intra-band EN-DC without dual PA capability.
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