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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 and #96b, 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)


Agreements:
· For DL HARQ timing corresponding to the DL-reference UL/DL configuration used in single Tx in EN-DC with TDD Pcell, the following clarifications are agreed:
· For the LTE TDD PCell: use the PDSCH ACK timeline as in Table 10.1.3.1-1 in 36.213.
· For LTE DL CA, the SCell uses the same DL-reference UL/DL configuration as the PCell
· For the LTE FDD SCell: use the PDSCH ACK timeline defined for SCell as in case of LTE FDD-TDD CA with LTE TDD PCell (i.e. Table 10.1.3A-1 in 36.213)
· FFS:
· For the LTE TDD SCell with different UL/DL configuration (as in SIB1) as the TDD PCell: use the PDSCH ACK timeline for SCell as in case of LTE FDD-TDD CA with LTE TDD PCell (i.e. Table 10.1.3A-1 in 36.213)
· For the LTE TDD SCell with the same UL/DL configuration (as in SIB1) as the TDD PCell: use the same PDSCH ACK timeline as the LTE TDD PCell (i.e. Table 10.1.3.1-1 in 36.213)

Agreements:
· For single UL operation in EN-DC with LTE TDD PCell, and UE is configured with DL-reference UL/DL configuration:
· Support PUCCH formats 3/4/5, PUCCH fallback operation based on implicit resource indication is not supported.
· FFS PUCCH format and resource determination when the UE only receives DAI=1
· FFS whether or not there are any additional issues related to SPS

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 an error case. 
Collision handling discussion so far has focused on dynamically scheduled LTE PUSCH transmissions; however, there are other LTE UL transmissions. For type 2 UE (i.e., UE without dynamic power sharing capability), not only LTE PUSCH, but also any LTE UL transmissions, should take place only in UL subframes designated as UL in the DL-reference UL-DL configuration. For type 1 UE (i.e., UE with dynamic power sharing capability), it should be possible to dynamically schedule/trigger, not only LTE PUSCH, but also other LTE UL transmissions in UL subframes not designated as UL in the DL-reference UL-DL configuration. Then, the remaining piece is handling of semi-statically configured LTE UL transmissions (e.g., SR/periodic CSI on PUCCH, periodic SRS, etc) in UL subframes not designated as UL in the DL-reference UL-DL configuration for type 1 UE. Taking into account overall collision handling, following two options can be considered:
Opt.1: Semi-statically configured LTE UL transmissions are not transmitted in UL subframes not designated as UL in the DL-reference UL-DL configuration. In these UL subframes, the collision between LTE and NR transmissions is treated as an error case.
Opt.2: Semi-statically configured LTE UL transmissions are transmitted in UL subframes not designated as UL in the DL-reference UL-DL configuration. If an LTE UL transmission collides with an NR UL transmission, the NR UL transmission is dropped in the overlapped symbol(s).
Option 1 offers more transmission opportunities for NR; The periodic LTE UL transmissions in the other UL subframes are not allowed. With this, the LTE-NR collision is avoidable by eNB scheduler and hence the collision can be treated as an error case. Option 2, on the other hand, enables periodic LTE UL transmissions in any UL subframes, resulting in possible LTE-NR collision; hence, such collision is not considered as an error case and then NR UL transmissions can be dropped the overlapped symbol(s). It is not desirable to drop NR UL transmissions periodically due to LTE UL transmissions. Therfore, we can take Option 1. 
Proposal 2: For single tx switched UL in EN-DC with TDD Pcell:
· For type 2 UE (i.e., UE without dynamic power sharing capability), not only LTE PUSCH, but also any LTE UL transmissions should take place only in UL subframes designated as UL in the DL-reference UL-DL configuration.
· For type 1 UE (i.e., UE with dynamic power sharing capability) not only LTE PUSCH but also other LTE UL transmissions scheduled/triggered by DCI can take place in UL subframes not designated as UL in the DL-reference UL-DL configuration.
· For type 1 UE (i.e., UE with dynamic power sharing capability):
· Semi-statically configured LTE UL transmissions are not transmitted in UL subframes not designated as UL in the DL-reference UL-DL configuration. In these UL subframes, the collision between LTE and NR transmissions is treated as an error case.

In Rel.15, for single tx switched UL in EN-DC with FDD-Pcell, the UE is not expected to transmit any uplink physical channel or signal in the serving cell on subframes other than offset-UL subframes, where the offset-UL subframes are determined by applying an offset value given by harq-Offset-r15 to the subframes denoted as uplink in the UL/DL configuration subframeAssignment-r15. Similar to the agreement made for EN-DC with TDD Pcell, for Rel. 16 EN-DC with an FDD Pcell, in order not to impact the LTE uplink coverage, the LTE PUSCH transmission should not be restricted to the offset-UL subframes.
Proposal 3: In Rel.16, for single tx switched UL in EN-DC with FDD Pcell, the specification should enable type 1 UE to transmit LTE PUSCH in the UL subframes other than the offset-UL subframes determined by subframeAssignment-r15 and harq-Offset-r15.
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 4: The HARQ offset should be configured for the users in case of EN-DC with TDD Pcell. The exact values and their applicability to different TDD DL/UL configurations should further be discussed. 
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
	
	2
	4
	4
	5
	1

	
	2
	2
	2
	
	5
	5
	5
	2

	
	3
	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. 
Hence, we propose to modify the following two FFS points according to Proposal 4 below.
· For the LTE TDD SCell with different UL/DL configuration (as in SIB1) as the TDD PCell: use the PDSCH ACK timeline for SCell as in case of LTE FDD-TDD CA with LTE TDD PCell (i.e. Table 10.1.3A-1 in 36.213)
· For the LTE TDD SCell with the same UL/DL configuration (as in SIB1) as the TDD PCell: use the same PDSCH ACK timeline as the LTE TDD PCell (i.e. Table 10.1.3.1-1 in 36.213)

Proposal 5: For a UE configured with EN-DC and more than one DL LTE serving cell, and for a TDD secondary cell with different SIB1 UL/DL configuration compared to the TDD Pcell reference HARQ configuration, the downlink HARQ timing reference configuration is given by the pair of its own SIB1 DL/UL configuration and the reference DL HARQ configuration of the Pcell similar to the LTE TDD-TDD CA with different DL/UL configurations.  
Supported PUCCH Formats
In RAN #96b, it was agreed that:
· “For single UL operation in EN-DC with LTE TDD PCell, and UE is configured with DL-reference UL/DL configuration:
· Support PUCCH formats 3/4/5, PUCCH fallback operation based on implicit resource indication is not supported.
· FFS PUCCH format and resource determination when the UE only receives DAI=1
· FFS whether or not there are any additional issues related to SPS”

PUCCH fallback operation based on implicit resource indication in the legacy LTE was based on the fact that PUCCH resources for different UEs are automatically orthogonal by using one-to-one mapping with the first CCE indexes where the DL assignments are mapped. However, in case UEs in the same cell may use either SIB1 UL-DL configuration or a DL-reference UL-DL configuration, this is no longer true. As a consequence, PUCCH resource management from the eNB point of view for implicit resource determination would be highly complicated. Therefore, for EN-DC single UL with TDD-PCell, only PUCCH format 3/4/5 without fallback operation should be supported.
Proposal 6: For EN-DC with TDD-Pcell, only PUCCH formats 3/4/5 without the fallback operation are supported.
When there is only one DCI scheduling a PDSCH (corresponding to DAI=1) or SPS PDSCH only, “ARI” is not available and hence, the PUCCH resource for HARQ-ACK feedback for the PDSCH cannot be identified. At the RAN1#97 meeting, it was proposed to use the PUCCH resource corresponding to ARI=0 in this case. However, this would cause a restriction to the eNB scheduler. Assume the UE is scheduled with two PDSCHs, each of them correspond to DAI=1 and DAI=2. If the DCI scheduling the second PDSCH with DAI=2 indicates the PUCCH resource corresponding to ARI=0, the UE transmits HARQ-ACK on the PUCCH resource corresponding to ARI=0, regardless of which DCI (the one scheduling the first PDSCH or the second PDSCH) the UE has detected; hence, the gNB would not be able to detect DTX. This can be resolved by indicating an ARI value other than zero in the DCI scheduling the second PDSCH; however, letting gNB to indicate ARI value other than zero is a restriction of PUCCH resource management from the gNB point of view.
A simple solution is to introduce an RRC parameter which configures a PUCCH resource in case the UE receives DAI=1 or SPS PDSCH only. This can be an optional field and it can be specified that the PUCCH resource corresponding to ARI=0 is used if the field is absent. By configuring a PUCCH resource different from all corresponding ARI values, the UE’s feedback behavior is equally reliable regardless of the values of DAI and ARI.
Proposal 7: Support an optional RRC parameter which configures a PUCCH resource when there is only one HARQ-ACK for DAI=1 or for SPS PDSCH to be transmitted; if the parameter is absent, when there is only one HARQ-ACK for DAI=1 or for SPS PDSCH, the UE transmits the HARQ-ACK on the PUCCH resource associated with ARI=0.
Support of TDD-PCell UL-DL configuration #0 and #6
The UL HARQ timing is the same as without reference configuration for PCell’s UL/DL configuration other than TDD pattern 0/6; the remaining issue is handling the case of UL-DL configuration #0 or #6 on the TDD-PCell. 
The root problem making it difficult to handle the cases is that the UL HARQ is synchronous. Therefore, asynchronous UL HARQ should be adopted for these cases. A UL grant includes the HARQ process ID field and indicates an ID for the scheduled PUSCH so that the timing and HARQ process ID are decoupled. Such async UL HARQ has already been supported for sTTI and eLAA in LTE.
Since async UL HARQ is different solution from what was already agreed for UL-DL configuration #1-#5, this should be an optional UE feature. 
Proposal 8:  Support asynchronous UL HARQ for the case where TDD-PCell UL-DL configuration #0 or #6 for single tx switched UL in EN-DC with TDD-PCell as an optional feature.
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 an error case. 
Proposal 2: For single tx switched UL in EN-DC with TDD Pcell:
· For type 2 UE (i.e., UE without dynamic power sharing capability), not only LTE PUSCH, but also any LTE UL transmissions should take place only in UL subframes designated as UL in the DL-reference UL-DL configuration.
· [bookmark: _GoBack]For type 1 UE (i.e., UE with dynamic power sharing capability) not only LTE PUSCH but also other LTE UL transmissions scheduled/triggered by DCI can take place in UL subframes not designated as UL in the DL-reference UL-DL configuration.
· For type 1 UE (i.e., UE with dynamic power sharing capability):
· Semi-statically configured LTE UL transmissions are not transmitted in UL subframes not designated as UL in the DL-reference UL-DL configuration. In these UL subframes, the collision between LTE and NR transmissions is treated as an error case.

Proposal 3: In Rel.16, for single tx switched UL in EN-DC with FDD Pcell, the specification should enable type 1 UE to transmit LTE PUSCH in the UL subframes other than the offset-UL subframes determined by subframeAssignment-r15 and harq-Offset-r15.
Proposal 4: The HARQ offset should be configured for the users in case of EN-DC with TDD Pcell. The exact values and their applicability to different TDD DL/UL configurations should further be discussed. 
Proposal 5: For a UE configured with EN-DC and more than one DL LTE serving cell, and for a TDD secondary cell with different SIB1 UL/DL configuration compared to the TDD Pcell reference HARQ configuration, the downlink HARQ timing reference configuration is given by the pair of its own SIB1 DL/UL configuration and the reference DL HARQ configuration of the Pcell similar to the LTE TDD-TDD CA with different DL/UL configurations.  
Proposal 6: For EN-DC with TDD-Pcell, only PUCCH formats 3/4/5 without the fallback operation are supported.
Proposal 7: Support an optional RRC parameter which configures a PUCCH resource when there is only one HARQ-ACK for DAI=1 or for SPS PDSCH to be transmitted; if the parameter is absent, when there is only one HARQ-ACK for DAI=1 or for SPS PDSCH, the UE transmits the HARQ-ACK on the PUCCH resource associated with ARI=0.
Proposal 8:  Support asynchronous UL HARQ for the case where TDD-PCell UL-DL configuration #0 or #6 for single tx switched UL in EN-DC with TDD-PCell as an optional feature.
[bookmark: _Ref450583331]
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