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Introduction
The need for introducing additional enhancements for single-TX operation of EN-DC, including addressing the LTE uplink link budget issue and DL HARQ related issues, was discussed during the RAN1 AH1901, and the following agreement was reached:
Agreements:
· 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.

Later, during the RAN1 #96, it was agreed that:

Agreements:
For single tx switched UL in EN-DC with TDD PCell, the LTE PCell can be configured with DL-reference UL/DL config
· For DL HARQ timing, the DL-reference UL/DL configuration is applied
· Only LTE TDD Pattern 2, 4, 5 can be used as DL-reference
· For UL HARQ timing is the same as without reference configuration for PCell’s UL/DL configuration other than TDD pattern 0/6, 
· FFS: whether/how to support TDD pattern 0/6 for LTE PCell
· UE is not expected to transmit on the MCG and SCG simultaneously
· For type 2 UE (i.e., UE without dynamic power sharing capability):
· UE is allowed to transmit LTE PUSCH only in the UL subframes designated as UL in the DL-reference configuration
· For type 1 UE (i.e., UE with dynamic power sharing capability): 
· The UE should not assume that LTE PUSCH is only scheduled in the UL subframes associated configured by the DL-reference configuration
· The UE should not assume that NR PUSCH is only scheduled in the remaining UL subframes other than those configured by the DL-reference configuration
· If there is a collision, 
· In the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUSCH
· In other UL subframes, UE behaviour to be expected to specified with details FFS
· E.g., drop LTE PUSCH, drop NR PUSCH, etc.
· FFS for the case of NR SRS & NR PRACH
· Note: the impact of switching time (if non-zero) will be further studied.
· Note: the above does not assume any restriction between gNB and eNB (e.g., tight coordination)
· FFS: whether/how to support HARQ-offset (similar as in SUO case 1 in EN-DC with LTE FDD PCell)

In the remainder of this contribution paper, we present some design details related to the remaining open issues. 
Collision Handling under EN-DC Single-Tx TDM Operation
Based on the agreement reached in RAN1 #96, the LTE PUSCH and NR PUSCH transmissions are not restricted to the uplink subframes indicated by the reference DL configurations. In case of collision in subframes indicated as uplink by the downlink reference configurations, NR uplink should be dropped. The remaining issue is to resolve the collision in other uplink subframes. 
Given that LTE has a longer processing timelines and cannot be adapted to NR transmissions, the uplink collisions including collisions between LTE PUSCH and NR PUSCH/PRACH/SRS  should be considered either as an error case or NR transmission should be dropped. Regarding the NR SRS, the transmissions can be planned over the cell-specific SRS subframes of LTE. In such a case, the LTE PUSCH/PUCCH rate-matching around the SRS symbols is naturally done by the UE similar to the legacy LTE.  
Proposal 1: For single tx switched UL in EN-DC with TDD Pcell, the type 1 UE should consider LTE and NR uplink collisions either as an error case or should drop the NR transmission. 
Similar to the agreement made for EN-DC with TDD Pcell, for Rel. 16 EN-DC with an FDD Pcell, in order to not impact the LTE uplink coverage, the LTE PUSCH transmission should not be restricted to the UL subframes indicated by the downlink reference configurations.
Proposal 2: For single tx switched UL in EN-DC with FDD Pcell, the type 1 UE should not assume that LTE PUSCH is only scheduled in the UL subframes configured by the downlink reference configuration.
Another issue to consider is whether it is possible to reuse the HARQ offset concept introduced in Rel. 15 for the case of EN-DC with TDD Pcell. This is important in order to make sure that not all LTE HARQ-ACK traffic is concentrated in a subset of uplink subframes. An example is illustrated in Figure 1 below:


Figure 1: An example of assigning different HARQ offsets to different users in case of EN-DC with TDD Pcell.

As shown in the figure above, it is possible, at least for a subset of scenarios, to configure different HARQ offsets for different users so that the uplink subframes are not overloaded.
Proposal 3: The HARQ offset should be configured for the users in case of EN-DC with TDD Pcell.
Single-Tx TDM Operation for EN-DC with LTE-CA
In LTE-TDD CA, the downlink HARQ timing reference of the secondary cell is given as a function of its SIB1 DL/UL configuration and SIB1 DL/UL configuration of the Pcell. For the case of EN-DC with either the FDD-Pcell or TDD-Pcell, the downlink HARQ timing reference of a TDD secondary cell can be determined as a function of its own SIB1 DL/UL configuration and the RRC DL/UL configuration of the Pcell. Following the Rel. 11 LTE specification, the DL HARQ timing reference of a TDD serving cell can be given by the table below:


	PDSCH HARQ timing on SCell follows TDD UL-DL configuration # 
	Pcell RRC UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scell SIB-1 UL-DL Configuration
	0
	
	1
	2
	3
	4
	5
	6

	
	1
	1
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	4
	4
	5
	1

	
	2
	2
	2
	
	5
	5
	5
	2
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	3
	4
	5
	
	4
	5
	3

	
	4
	4
	4
	5
	4
	
	5
	4

	
	5
	5
	5
	5
	5
	5
	
	5

	
	6
	6
	1
	2
	3
	4
	5
	



More specifically, if the Pcell is FDD, the DL HARQ timing of a TDD Scell is given by its own SIB-1 configuration and the DL HARQ reference configuration of the Pcell using the table above. If the Pcell is TDD, since only DL/UL configurations 2, 4 and 5 can be used as a reference configuration of the Pcell, the timing of the TDD Scell is restricted to the columns of the table associated with configuration 2, 4 or 5 for the Pcell. An example of this operation is shown in Figure 2 for the case of LTE-TDD CA.


Figure 2: An example of downlink HARQ timing for LTE-TDD CA under EN-DC.

In this example, the TDD Pcell has the SIB1 DL/UL configuration #3. For downlink HARQ timing, the Pcell is additionally configured with a reference DL/UL confgiration #4. Hence, on the Pcell, the HARQ timing is given by TDD configuration #4. The secondary serving cell has the SIB1 DL/UL configuration #2. Hence, its DL HARQ timing reference is given by the pair of configuration #2 and #4 (which is configured for the Pcell by RRC.) As a result, according to Table 1, the downlink HARQ timing of the secondary cell is based on the TDD DL/UL configuration #3. As further can be seen from this example, all LTE downlink subframes on both serving cells can be used for LTE data transmission. The LTE HARQ-ACK reporting is also limited to subframes 2 and 3 of each frame. 
Proposal 4: For a UE configured with EN-DC and more than one DL LTE serving cell:
· The downlink HARQ timing reference configuration of the FDD secondary cell is the RRC DL/UL configuration of the Pcell.
· The downlink HARQ timing reference configuration of the TDD secondary cell is given by the pair of its own SIB1 DL/UL configuration and the RRC DL/UL configuration of the Pcell similar to the LTE TDD-TDD CA with different DL/UL configurations.  
Conclusion
Proposal 1: For single tx switched UL in EN-DC with TDD Pcell, the type 1 UE should consider LTE and NR uplink collisions either as an error case or should drop the NR transmission. 
[bookmark: _GoBack]Proposal 2: For single tx switched UL in EN-DC with FDD Pcell, the type 1 UE should not assume that LTE PUSCH is only scheduled in the UL subframes configured by the downlink reference configuration.
Proposal 3: The HARQ offset should be configured for the users in case of EN-DC with TDD Pcell.
Proposal 4: For a UE configured with EN-DC and more than one DL LTE serving cell:
· The downlink HARQ timing reference configuration of the FDD secondary cell is the RRC DL/UL configuration of the Pcell.
· The downlink HARQ timing reference configuration of the TDD secondary cell is given by the pair of its own SIB1 DL/UL configuration and the RRC DL/UL configuration of the Pcell similar to the LTE TDD-TDD CA with different DL/UL configurations. 
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