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In the past RAN1 meetings [1][2][3][4], the following agreements/conclusions regarding single uplink transmission for EN-DC were made:
	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.

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 the case with the same DL-reference UL/DL configuration (i.e., 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

Agreements:
· Regarding the FFS part (in change marks) in the agreement from RAN1 #96bis:
For DL HARQ timing corresponding to the DL-reference UL/DL configuration used in single Tx in EN-DC with TDD Pcell, the following is agreed:
· For LTE DL CA, the SCell uses the same DL-reference UL/DL configuration as the PCell (already agreed in RAN1 #96bis)
· 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)

· Support HARQ-offset for SUO case1 in EN-DC with LTE TDD PCell 
· Note: from UE perspective, it is expected that HARQ-offset value doesn’t violate the DL/UL configuration (in SIB1).
· For type 1 UE, the feature is optional. FFS for type 2 UE.

Agreements:
R15 specification on “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell” (i.e., case1 HARQ timing in single UL), is applied to EN-DC UE capable of dual UL Tx in EN-DC with LTE FDD PCell to mitigate DL de-sensing due to Harmonics, at least including:
· UE behavior specified in 36.213 and 36.212
· FFS: all uplink subframes can be scheduled for LTE




In this contribution, we explore the remaining open issues and provide our views on the FFS aspects to progress on this topic.  
Discussions
Collision handling 
In current design, for type 1 UE with dynamic power sharing capability, LTE PUSCH is allowed to be scheduled in the all UL subframes based on the SIB1-based UL/DL configuration. There may cause simultaneous UL transmissions across LTE TDD PCell and NR SCell(s). One example is provided in FIG.2 with assuming TDD configuration 1 is indicated by SIB1 and configuration 2 is indicated as DL reference configuration. The UL transmission collision may happen on subframe 2 of TDD LTE. 
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Figure 1: UL transmission collision in EN-DC 
With current agreement, the UE behavior to handle NR PUCCH in UL subframes indicated by DL-refence (e.g. subframe 2) is not covered as it only defines how to handle NR PUSCH channel in case of collision (i.e. dropping NR PUSCH). In our view, the agreed dropping behavior is to mimic the design of FDD PCell operation. Following this design philosophy, UE shall drop NR PUCCH as well if it happens in the UL subframes indicated by DL-refer configuration. 
Proposal 1: 
· In the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUCCH if collision occurs. 

Different UL transmission collision cases for EN-DC that could be considered include: 
· Case 1: LTE PUSCH + NR PUSCH/PUCCH
· Case 2: LTE PUSCH + NR PRAC H
· Case 3: LTE PUSCH + NR SRS
For case 1, it was agreed in [1] that UE is expected to drop NR PUSCH in the UL subframes designated as UL in the DL-reference configuration (e.g. subframe 2 in FIG.2) to prioritize LTE transmission since LTE is MCG and it maintains the RRC connection. This rule can be utilized by eNB scheduler to ensure a guaranteed throughput at the LTE side and robust operation. 
Similarly, it is also desirable to reserve some prioritized slots for NR side to ensure the UCI transmission over PUSCH/ PUCCH as well as SRS/PRACH transmissions regardless of collision with potential LTE PUSCHs or not. This is important to avoid significant DL throughput impacts on NR side and maintaining the UL TA value. As a result, we see the need to prioritize NR transmissions on the UL subframes other than those indicated by DL-reference configuration. We believe LTE PUSCH dropping can be minimized with tight scheduling coordination of allocated UL transmissions. 
Therefore, we propose: 
Proposal 2: 
· In the remaining UL subframes other than those configured by the DL-reference configuration, LTE PUSCH transmission is dropped if it collides with NR UL transmissions. 

PUCCH formats 
Another FFS aspect was whether to support PUCCH format 1a/1b and PUCCH format 1b with channel selection for HARQ-ACK feedback. For TDD-LTE system with PUCCH format 3/4/5, there are three fallback cases to use PUCCH format 1a/1b resources for ACK/NACK transmission: 
· Case 1: When UE receives a single PDSCH with DAI=1 on PCell => to use PUCCH format 1a/1b
· Case 2: When UE receives SPS PDSCH only on PCell => to use PUCCH format 1a/1b
· Case 3: When UE receives one PDSCH with DAI=1 and SPS PDSCH on PCell only => to use PUCCH format 1b with channel selection

For Rel-10 TDD LTE system, support PUCCH 1a/1b fallback is feasible since the PUCCH 1a/1b resource has been implicitly reserved on PCell. In the RAN1 #96bis meeting, it was agreed for EN-DC to not support PUCCH fallback operation based on implicit resource indication to avoid potential resource collision between EN-DC UE and legacy LTE UE. As one consequence, the claimed benefit in legacy TDD system (i.e. reducing PUCCH resource overhead by leveraging the implicitly mapped PUCCH 1a/1b resource) does not hold anymore for EN-DC. Instead, one (for the DL TMs on PCell supporting at most one TB) or two (for the DL TMs that support at most two TBs) additional dedicated PUCCH 1a/1b resource must be explicitly reserved for a single EN-DC UE for fallback purpose. Additionally, PUCCH resources for format 3/4/5 needs to be dimensioned to support the scenarios that PUCCH format 1a/1b cannot support. Therefore, explicitly reserving additional PUCCH 1a/1b resource cannot really save PUCCH resource overhead, but rather it effectively increases overall PUCCH resource. For example, assuming 10% of the at least 600 active UEs at 10MHz are configured with single UL for a given EN-DC band combination, the PUCCH overhead to simply support PUCCH fallback is  or 13.33% for , and  or 20% overhead for . An increase of ~14% to support PUCCH format 1a/1b fallback is substantial overhead without any clear benefit. Therefore, it should not be considered further unless significant benefit can be demonstrated.
  
In PUCCH format 3/4/5, TPC field in DL assignment is used as ARI (A/N Resource Indicator) to select one out of four configured PUCCH resources other than the case of DAI=1, of which TPC is the real TPC field. Therefore, for the above three cases, UE is not able to determine PUCCH resources for format 3/4/5 due to lack of ARI field. This issue can be solved by defining a default PUCCH format 3/4/5 resource (e.g. the lowest index) for ACK/NACK feedback.
 
Proposal 3: 
· Using the PUCCH format3/4/5 resource with lowest index when UE receives one PDSCH with DAI=1 and/or SPS PDSCH on PCell only. 

Dual uplink EN-DC
According to the latest WID [5], a new objective is added,  
7. Enable the Release 15 behaviour of “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell” to apply to dual uplink EN-DC, possibly including any conclusions on the previous objective (6) for LTE FDD Pcells [RAN1].

For a UE with dual uplink capability, with dynamic power sharing between two CGs, LTE uplink transmission is always prioritized over NR. By configuration of a DL reference HARQ timing, it is possible to prioritize NR uplink transmission in certain cases. Two kinds of operation could be envisioned, 
Option 1: A dual uplink UE works as if a UE with single uplink. In this case, all the behaviors of single uplink could directly apply. 
Option 2: A dual uplink UE still works as dual uplink, except that DL HARQ timing of FDD PCell follows DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell. 
With Option 2, the uplink subframes/slots of EN-DC could be divided into two sets, 
· Set 1: Uplink subframes/slots designed as UL by the DL reference HARQ timing;
· Set 2: All other uplink subframes
If following similar principle as case with single uplink, LTE uplink transmission could be prioritized over NR in set 1. However, if total transmission power of two CGs is higher than maximum transmission power, it is not necessary to drop NR uplink transmission. Instead, power scaling down on NR uplink transmission could be considered too. Regarding set 2, NR uplink transmission could be prioritized. That is, scaling down the power of LTE PUSCH or drop LTE PUSCH if total transmission power of two CGs is higher than maximum transmission power. 

Proposal 4: 
· Support the configuration of DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell to an EN-DC UE with dual uplink. Further study on two options, 
· Option 1: A dual uplink UE works as if a UE with single uplink. 
· Option 2: A dual uplink UE still works as dual uplink. 
Conclusion
In this contribution, we discussed the details of power sharing mechanisms for NR-NR DC operation. We make following proposals:  
Proposal 1: 
· In the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUCCH if collision occurs. 
Proposal 2: 
· In the remaining UL subframes other than those configured by the DL-reference configuration, LTE PUSCH transmission is dropped if it collides with NR UL transmissions. 
Proposal 3: 
· Using the PUCCH format3/4/5 resource with lowest index when UE receives one PDSCH with DAI=1 and/or SPS PDSCH on PCell only. 
Proposal 4: 
· Support the configuration of DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell to an EN-DC UE with dual uplink. Further study on two options, 
· Option 1: A dual uplink UE works as if a UE with single uplink. 
· Option 2: A dual uplink UE still works as dual uplink. 
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