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Introduction
In this contribution, we present our observations and proposals on single Tx switched uplink. Single Tx switched uplink was firstly discussed in the LTE-NR co-existence section in Rel-15. For better understanding, we also prepare some background information on this issue. 
In RAN1#90, RAN1 finalized two cases for UE to fix the scheduling/HARQ timing of LTE FDD carrier in EN-DC. The first case is to reuse the DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell to satisfy the scheduling/HARQ timing of LTE FDD carrier. The second case is to reuse the Rel-15 LTE-FDD HARQ timing, i.e., leave it as an implementation issue.
	Agreements (RAN1#90):
· When the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· For LTE carrier, UE can be configured with 
· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 
· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied
· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration
· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact
· Case 2: Release 15 LTE-FDD HARQ timing
· No impact on LTE RAN1 specifications
Note: it doesn’t necessarily imply that UE has to support both cases



In RAN1#93, RAN1 finally agreed to leave single Tx switched uplink with LTE TDD PCell as an implementation issue.
	Conclusion (RAN1#93):
When the UE is configured with multiple UL carriers on different frequencies, but the UE operates only on one of the UL carriers at a given time among a pair of LTE and NR carriers, LTE operation with an LTE TDD PCell using the same HARQ timing as LTE operation without EN-DC is supported by the current RAN1 specifications at least when no LTE UL CA is used at least for the following cases
· The UE supports dynamic power sharing
· The UE is configured with P_LTE + P_NR not greater than P_cmax



Analysis on single Tx switched uplink
Current status
From the above review and analysis, the current status of EN-DC with or without single Tx switched uplink transmission are summarized in Table 1. RAN1 has already finalized two solutions for single Tx switched uplink for EN-DC with LTE-FDD-PCell and one solution, i.e., treating it as an implementation issue, for single Tx switched uplink for EN-DC with LTE-TDD-PCell.
[bookmark: _Ref29197]Table 1 Current status of EN-DC with or without single Tx switched uplink
	
	Single Tx switched uplink
	Simultaneous uplink

	LTE-FDD-PCell
	Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell.
[bookmark: OLE_LINK2]Case 2: Release 15 LTE-FDD HARQ timing
	No limitations

	LTE-TDD-PCell
	Release 15 LTE-TDD HARQ timing
	UL transmission timing in TDD LTE carrier is following its own UL/DL configuration by default



RAN1 has already finalized the solutions for single Tx switched uplink for EN-DC with LTE FDD PCell and LTE TDD PCell.
In RAN#81, the work item [3] on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements has been approved. One of the objectives is to study and, if found beneficial over the existing single Tx switched uplink solution, specify enhancements to single Tx switched uplink solution for EN-DC in Rel-16, such as allowing all DL and UL subframes for data transmission for both NR and LTE.
Since only one simple solution has been agreed for single Tx switched uplink for EN-DC with LTE-TDD-PCell, some companies [1][2][4] proposed different solutions to deal with this issue. We analyze two solutions on the table, i.e., reusing eIMTA mechanism and reserving GP and UpPTS in LTE special subframes for NR.
Reusing eIMTA mechanism
The solution of reusing eIMTA mechanism for single Tx switched uplink here is a semi-static solution. Specifically, only the “subframeAssignment” in LTE SIB1 and “eimta-HARQ-ReferenceConfig-r12” in LTE RRC other than the L1 signaling (i.e., DCI) are reused.
From our perspective, applying eIMTA mechanism in LTE to determine the HARQ timing of single Tx switched uplink in LTE-TDD bands is more like an implementation issue, which doesn’t need to specify anything in RAN1 specifications. By reusing eIMTA mechanism, the overall behaviors in network side and UE side are summarized as below.
Network side
1. LTE eNB broadcasts the “subframeAssignment” in LTE SIB1.
2. LTE eNB transmits the “eimta-HARQ-ReferenceConfig-r12” in LTE RRC.
3. LTE eNB sends the IE “subframeAssignment” and IE “eimta-HARQ-ReferenceConfig-r12” to NR gNB.
4. NR gNB reserves the slots that overlap with the LTE flexible subframes (that not marked as DL in LTE SIB1 nor marked as UL in LTE RRC configuration) as UL slots.
The above four steps can guarantee that UE transmits LTE-uplink in the UL subframes indicated by the “eimta-HARQ-ReferenceConfig-r12” in LTE RRC and transmits NR-uplink in the UL slots indicated by SFI or RRC in NR side. Furthermore, the LTE-uplink and NR-uplink are totally TDMed.
UE side
1. UE informs the LTE eNB of its single Tx switched uplink capability.
2. UE receives the “subframeAssignment” in LTE SIB1.
3. UE receives the “eimta-HARQ-ReferenceConfig-r12” in LTE RRC.
4. UE receives the SFI or RRC that configure its DL/UL configuration in NR side.
5. UE transmits the LTE-uplink in the UL subframes indicated by eimta-HARQ-ReferenceConfig-r12” in LTE RRC and transmits the NR-uplink in the UL slots indicated by NR SFI or NR RRC.
Figure 1, as shown below, is taken as an example for better illustration.  In this example, the “subframeAssignment” in LTE SIB1 and the “eimta-HARQ-ReferenceConfig-r12” in LTE RRC are TDD Config 2 and TDD Config 5 respectively. The UE behavior in LTE side and NR side are described separately.
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[bookmark: _Ref18915]Figure 1 Reusing eIMTA mechanism for single Tx switched uplink 
From LTE perspective
After receiving the “subframeAssignment” in LTE SIB1 and the “eimta-HARQ-ReferenceConfig-r12” in LTE RRC, SF#0, SF#3, SF4, SF#5, SF#8 and SF#9 are marked as “D”, SF#2 and SF#6 are marked as “S”, SF#2 is marked as “U” and SF#7 is marked as “Flexible”.
Since the L1 signaling conveying a valid UL-DL configuration for a radio frame is not transmitted, according to the agreements in RAN1#76 [5] as shown below, UE monitors the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration. That’s to say, UE is not required to monitor the flexible subframes, i.e., SF#7 in this example unless the UE detects L1 signaling conveying UL-DL configuration which marks the flexible subframe as a DL subframe. Therefore, the network can fully control to prevent UE from monitoring the flexible subframes.  If the UE does not support simultaneous transmission and reception but the network indicates UE to monitor the flexible subframes in LTE while scheduling NR UL simultaneously, this is network mis-configuration which is incompatible with UE capability.  It does not seem necessary to specify this as an error case in the spec. 
	Agreements:
The following working assumptions are confirmed:
· The size of DCI that carries reconfiguration bits is aligned to DCI format 1C.
· If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, 
· UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration 
· [bookmark: _GoBack]80ms periodicity for the reconfiguration signaling is supported.



From NR perspective
As depicted in Figure 1, from NR perspective, UE follows the UL/DL configurations indicated by NR SFI and NR RRC. Assuming coordination between LTE and NR, NR should reserve the slots overlapping with SF#7 as UL and guarantee that no DL or UL transmission is in SF#2. 
Given coordination between eNB and gNB, the LTE uplink and NR uplink can be totally TDMed by reusing eIMTA mechanism for single Tx switched uplink UE. Thus, this is more like an implementation issue and nothing needs to be specified.
From RAN1 perspective, applying the eIMTA mechanism for single Tx switched uplink in EN-DC with LTE-TDD-PCell is just an implementation issue, nothing needs to be specified.
Reserving GP and UpPTS in LTE special subframes for NR uplink
In LTE system, the UpPTS in special subframe is only used for SRS and short RACH. By appropriate configuration, eNB can avoid configuring SRS and short RACH in UpPTS in LTE special subframes. Thus, part of (or all) the UpPTS in LTE special subframes in LTE can be semi-statically configured for NR uplink.
The GP in LTE special subframes is the guard time from DL to UL. The design of GP in LTE system is large enough with much redundancy. To improve the system efficiency, part of the GP in LTE special subframes can be semi-statically configured for NR uplink.
Based on the above analysis, from RAN1 perspective, reserving GP and UpPTS in LTE special subframes for NR uplink for single Tx switched uplink UEs is just an implementation issue.
From RAN1 perspective, reserving GP and UpPTS in LTE special subframes for NR uplink for single Tx switched uplink in EN-DC with LTE-TDD-PCell is just an implementation issue, nothing needs to be specified.
Summary
Overall, since RAN1 has already specified solutions for single Tx switched uplink in EN-DC with LTE-TDD-PCell and other solutions can be implemented by reusing the current LTE mechanisms with nothing to be specified. If there is any strong need in the market, UEs would enable the support of the LTE eIMTA feature. At this point, it seems that RAN1 does not need to further enhance single Tx switched uplink solution for EN-DC in Rel-16.  
RAN1 does not need to further enhance single Tx switched uplink solution for EN-DC in Rel-16
Conclusion
To sum up, this contribution first introduce the current status of single Tx switched uplink and then present our analysis on this issue. The following observations and proposals are made, i.e.,
1. RAN1 has already finalized the solutions for single Tx switched uplink for EN-DC with LTE FDD PCell and LTE TDD PCell.
1. From RAN1 perspective, applying the eIMTA mechanism for single Tx switched uplink in EN-DC with LTE-TDD-PCell is just an implementation issue, nothing needs to be specified.
1. From RAN1 perspective, reserving GP and UpPTS in LTE special subframes for NR uplink for single Tx switched uplink in EN-DC with LTE-TDD-PCell is just an implementation issue, nothing needs to be specified.
1. RAN1 does not need to further enhance single Tx switched uplink solution for EN-DC in Rel-16.
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