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1 Introduction
LS on new UE capability for intra-band EN-DC and intra-band NR UL CA has been sent to RAN2 in last meeting. In the LS it mentioned that the per band per band combination capability from Rel-15 is used to enable referring two sets of requirements with different assumptions of the UE RF architectures [1]. This contribution discuss the specific requirements affected by this UE capability. 

2 Discussion

Switching time between LTE UL and NR UL based on PA architecture was initially discussed in [2], but no agreements were reached. 
The existing requirements for intra-band contiguous and non-contiguous EN-DC are summarized as below:

1) Intra-band contiguous EN-DC
The proposed intra-band contiguous EN-DC combinations in Rel-15 are listed in the table below:
Table 5.2B.2.1-1: Band combinations for intra-band contiguous EN-DC
	EN-DC band
	E-UTRA Band
	NR Band
	Single UL allowed

	DC_(n)71
	71
	n71
	No3

	DC_(n)41
	41
	n41
	Yes1

	NOTE 1:
Single UL allowed due to potential emission issues, not self-interference.

NOTE 2:
The minimum requirements apply for 15 kHz subcarrier spacing on the SCG.

NOTE 3:
For UE(s) supporting dynamic power sharing it is mandatory to do dual simultaneous UL. For UE(s) not supporting dynamic power sharing single UL is allowed.


From Note 1 and Note 3, it can be seen that single UL is allowed in cases for both of the combinations, which means the switing time is needed. So far the requirement for intra-band contiguous EN-DC is defined in Clause 6.3B.1.1 of TS 38.101-3 together with time mask for TDM based UL sharing from UE perspective.
	For UEs reporting E-UTRA and NR switching time capability of type 1 with switching time <0.5us for UL sharing from UE perspective and for intra-band contiguous scenario within FR1, time masks in Figure 6.3B.1.1-1 and Figure 6.3B.1.1-2 shall apply. For UEs reporting E-UTRA and NR switching time capability of type 2 with switching time <20us for UL sharing from UE perspective within FR1, time masks in Figure 6.3B.1.1-3 and Figure 6.3B.1.1-4 shall apply.


During the study of the band combinations, there were some assumptions for the UE architectures. For DC_(n)71, it is based on single PA and single antenna UE architecture, while for DC_(n)41, it is based on two PAs architecture.
2) Intra-band non-contiguous EN-DC
Two NC EN-DC combinations were proposed in Rel-15:

Table 5.2B.3.1-1: Band combinations for intra-band non-contiguous EN-DC
	EN-DC Band Uplink Combination
	E-UTRA Band
	NR Band
	Single UL allowed

	DC_3_n3
	3
	n3
	Yes1

	DC_41_n41
	41
	n41
	Yes

	NOTE 1:
Only single switched UL is supported in Rel.15


It is noted that both band combinations are allowed for single UL transmission, and for DC_3_n3, only single switched UL is supported in Rel-15. However, the switching time in the specification is defined specifically for DC_3_n3.
	For DC_3A_n3A single switched UL operation in Rel.15, maximum UL switching time is defined as 120 us and DL reception interruption is allowed during UL switching. Time masks in Figure 6.3B.2-1 and Figure 6.3B.2-2 shall apply.


The current requirement for DC_3A_n3A is derived based on analysis in [5], which is based on single PA architecture.
3) Switching time for 1PA or 2 PA architectures

Based on the overview of specified requirements and UE architectures assumptions for the proposed contiguous and non-contiguous band combinations in Rel-15, we see inconsistency of switching requirements exist in the current specification. 

For intra-band contiguous EN-DC, if the switching between two RATs is implemented in RF, the RF retuning time should be considered. Similar discussion were carried out for RF bandwidth adaptation and SRS carrier switching [6]. According to the previous discussion and agreement, the typical switching time for two carriers in the same band is 140us. 
For intra-band non-contiguous EN-DC, two PAs and two antennas are assumed for DC_41_n41. From implementation perspective, the frequency synthesizer can be turned on in advance to wait for the carrier switching between E-UTRA and NR, zero or almost zero switching time can be realized. Though the frequency pulling or supply pushing could possibly occur during the switching, we think it is an implementation issue, which can be solved with improved RFIC design.
As the intention of the dual PA UE capability is to enable referring two sets of requirements with different assumptions of the UE RF architectures, we propose to restructure the switching time requirement for intra-band contiguous and non-contiguous EN-DC based on UE architectures. 
Proposal 1: It is proposed to define 140us switching time for both contiguous and non-contiguous intra-band EN-DC with single PA architecture.

Proposal 2: It is proposed to define 0us switching time for both contiguous and non-contiguous intra-band EN-DC with dual PA architecture.
3 Conclusion

Switching time between LTE UL and NR UL based on PA architecture is discussed in the contribution. In order to deferentiate the requirements upon the newly introduced UE capability, the switching time requirements in the specification shall be revisited. Two proposals are provided:

Proposal 1: It is proposed to define 140us switching time for intra-band EN-DC with single PA architecture.

Proposal 2: It is proposed to define 0us switching time for intra-band EN-DC with dual PA architecture.
A draft CR is provided in [7] to reflect the specification changes based on above two proposals. 
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