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During last meeting, one agreement has been reached as shown below [1].
	[bookmark: _GoBack]Agreement:
· It is concluded that it is beneficial to specify enhancements to single Tx switched uplink solution for EN-DC over the existing single Tx switched uplink solution, e.g. via introducing a new reference HARQ configuration using NR/LTE Rel-15 or LTE eIMTA solution, etc.



According to our previous offline and online discussion, companies hold different views on enhancements to single Tx switched uplink. Some companies view that this is more like an implementation issue, i.e., no need to introduce further enhancement. Some companies believe that DL enhancement for EN-DC with LTE-TDD-PCell should suffice. Besides, some companies think both UL and DL enhancements for EN-DC are desirable.
In this contribution, we put forward our further considerations on this issue.
Further enhancement for EN-DC with LTE-TDD-PCell
In Rel-15, single uplink operation (SUO) with LTE-TDD-PCell are agreed to leave as an implementation issue [2]. While, as pointed by some companies, the existing mechanism may decrease DL performance of SUO UEs with LTE-TDD-PCell. However, DL performance loss exists only for UEs not supporting eIMTA. For UEs supporting eIMTA, they can naturally support single Tx switched uplink with no DL performance loss for EN-DC with LTE-TDD-PCell.
Observation 1: UEs supporting eIMTA can naturally support single Tx switched uplink with no DL performance loss for EN-DC with LTE-TDD-PCell.
Some UE vendors argued that few UEs in the market support eIMTA and implementing all the eIMTA functions just for single Tx switched uplink for EN-DC with LTE-TDD-PCell is not worthwhile. According to UE radio access capabilities defined in 36.306 [3],as shown in Table 1, the UE capabilities related to eIMTA are divided into four parts and all of the four parts are optional. As we can see, there is no need to implement all the functions of eIMTA to realize SUO for EN-DC with LTE-TDD-PCell. Implementing the functions related to UE capability phy-TDD-ReConfig-TDD-PCell-r12 should suffice for UEs to support single Tx switched uplink for EN-DC with LTE-TDD-PCell.
Observation 2: Implementing Rel-12 UE capability of phy-TDD-ReConfig-TDD-PCell-r12 should suffice for UEs to support single Tx switched uplink for EN-DC with LTE-TDD-PCell.

[bookmark: _Ref10010][bookmark: _Toc535258966]Table 1. UE radio capabilities for eIMTA defined in 36.306.
	4.3.4.29	csi-SubframeSet-r12
This field defines whether the UE supports Rel-12 DL CSI subframe set configuration, Rel-12 DL CSI subframe set dependent CSI measurement/feedback, configuration of up to 2 CSI-IM resources for a CSI process with no more than 4 CSI-IM resources for all CSI processes of one frequency if the UE supports tm10, configuration of two ZP-CSI-RS for tm1-tm9, PDSCH RE mapping with two ZP-CSI-RS configurations, and EPDCCH RE mapping with two ZP-CSI-RS configurations if the UE supports EPDCCH. This field is only applicable for UEs supporting TDD.
[bookmark: _Toc535258967]4.3.4.30	phy-TDD-ReConfig-FDD-PCell-r12
This field defines whether the UE supports TDD UL/DL reconfiguration for TDD serving cell(s) via monitoring PDCCH with eIMTA-RNTI on a FDD PCell, and HARQ feedback according to UL and DL HARQ reference configurations.
[bookmark: _Toc535258968]4.3.4.31	phy-TDD-ReConfig-TDD-PCell-r12
This field defines whether the UE supports TDD UL/DL reconfiguration for TDD serving cell(s) via monitoring PDCCH with eIMTA-RNTI on a TDD PCell, and HARQ feedback according to UL and DL HARQ reference configurations.
[bookmark: _Toc535258969]4.3.4.32	pusch-SRS-PowerControl-SubframeSet-r12
This field defines whether the UE supports subframe set dependent UL power control for PUSCH and SRS. This field is only applicable for UEs supporting TDD.



In Rel-12, the eIMTA mechanism contains two parts, i.e., semi-static configuration and L1 signaling. Semi-static configuration configures a semi-static TDD DL/UL configuration for reference HARQ configuration and L1 signaling dynamically updates the DL/UL configuration for flexible subframes. Compared with semi-static TDM between LTE and NR, eIMTA L1 signaling can improve scheduling flexibility and performance for SUO UEs for EN-DC with LTE-TDD-PCell. e.g. the flexible subframes can be also used for LTE DL.  
Observation 3: Compared with semi-static TDM between LTE and NR, eIMTA L1 signaling can improve scheduling flexibility and performance for SUO UEs for EN-DC with LTE-TDD-PCell.
According to the current UE feature list, UE features of eIMTA semi-static and L1 signaling are grouped together, i.e., phy-TDD-ReConfig-TDD-PCell-r12 and phy-TDD-ReConfig-FDD-PCell-r12. One possibility to enhance single Tx switched uplink for EN-DC with LTE-TDD-PCell is to separate UE features of eIMTA semi-static configuration and L1 signaling. In this way, UEs only need to support eIMTA semi-static configurations to implement single Tx switched uplink for EN-DC with LTE-TDD-PCell. As this UE capability is optional since Rel-12, it is reasonable to keep the separated UE capabilities of eIMTA semi-static and UE L1 signaling optional for Rel-16.
Proposal 1: Separate UE capability of eIMTA semi-static configuration and L1 signaling to support single Tx switched uplink for EN-DC with LTE-TDD-PCell and keep them optional in Rel-16.
To reduce the standardization workload, it’s preferable to reuse existing eIMTA signaling as much as possible to reduce the standardization workload.
Proposal 2: Reuse the existing eIMTA signaling as much as possible to reduce the standardization workload.
Allowing all UL subframes for LTE data transmission
During last meeting, some contributions proposed to allow all UL subframes for LTE data transmission [4][5]. However, allowing all UL subframes for LTE transmission requires tight coordination between LTE and NR. Tight coordination between LTE and NR is not expected in most cases. Rel-15 discussion was based on the agreed assumption that UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB. This implies that it does not require tight coordination between LTE and NR. Without tight coordination between LTE and NR, allowing all UL subframes for LTE transmission can likely result in performance loss due to the uplink collision between LTE and NR. In this sense, we don’t see any strong motivation to allow all UL subframes for LTE data transmission.
Observation 4: Allowing all UL subframes for LTE transmission requires tight coordination between LTE and NR. Without tight coordination, it can likely result in performance loss due to the uplink collision between LTE and NR.
For EN-DC with LTE-FDD-PCell in Rel-15, the motivation to restrict uplink data transmission within a subset of UL subframes is to guarantee reasonable uplink performance for both LTE and NR. From network perspective, allowing all uplink subframes for LTE data transmission is risky because it could result in great performance loss on NR due to unexpected collision. Thus, we propose not to further enhance Rel-15 SUO mechanism for EN-DC with LTE-FDD-PCell.
Observation 5: No need to further enhance Rel-15 SUO mechanism for EN-DC with LTE-FDD-PCell.
As for EN-DC with LTE-TDD-PCell, since it is left as implementation issue, network can configure all UL subframes for LTE data transmission. If eIMTA mechanism is adopted to realize SUO for EN-DC with LTE-TDD-PCell, network can configure all UL subframes for LTE data transmission via appropriate configuration.
Observation 6: Reusing eIMTA mechanism can allow all UL subframes for SUO UEs for EN-DC with LTE-TDD-PCell.
Conclusion
In this contribution, we put forward our further considerations for single Tx switched uplink. To sum up, the following observations are made.
Observation 1: UEs supporting eIMTA can naturally support single Tx switched uplink with no DL performance loss for EN-DC with LTE-TDD-PCell.
Observation 2: Implementing Rel-12 UE capability of phy-TDD-ReConfig-TDD-PCell-r12 should suffice for UEs to support single Tx switched uplink for EN-DC with LTE-TDD-PCell.
Observation 3: Compared with semi-static TDM between LTE and NR, eIMTA L1 signaling can improve scheduling flexibility and performance for SUO UEs for EN-DC with LTE-TDD-PCell.
Observation 4: Allowing all UL subframes for LTE transmission requires tight coordination between LTE and NR. Without tight coordination, it can likely result in performance loss due to the uplink collision between LTE and NR.
Observation 5: No need to further enhance Rel-15 SUO mechanism for EN-DC with LTE-FDD-PCell.
Observation 6: Reusing eIMTA mechanism can allow all UL subframes for SUO UEs for EN-DC with LTE-TDD-PCell.
Proposal 1: Separate UE capability of eIMTA semi-static configuration and L1 signaling to support single Tx switched uplink for EN-DC with LTE-TDD-PCell in Rel-16 and keep them optional.
Proposal 2: Reuse the existing eIMTA signaling as much as possible to reduce the standardization workload.
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