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Introduction
In NR Rel. 15, the following agreement was reached to enable a single-tx TDM operation for EUTRA-NR dual connectivity (EN-DC):
Agreement:
· For single UL operation in EN-DC with LTE TDD PCell, where UE operates on only one carrier at a time
· 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 DL HARQ timing, the DL-reference UL/DL configuration, i.e. “subframeAssignment-r15”, is applied
· For UL HARQ timing, the PCell’s UL/DL configuration, i.e. “subframeAssignment”, is applied
· For UE capable of dynamic power sharing, LTE UL transmission can be scheduled in all UL subframes and UpPTS configured by “subframeAssignment”
· UE is not expected to transmit on the MCG and SCG simultaneously
· Case 2: uses Release 15 LTE-TDD HARQ timing 
· For DL HARQ timing, the PCell’s UL/DL configuration, i.e. “subframeAssignment”, is applied
· For UL HARQ timing, the PCell’s UL/DL configuration, i.e. “subframeAssignment”, is applied
 
Under the Case 1 solution, the UE is configured with a TDM-pattern, which restricts the LTE uplink transmission to only a sub-set of available uplink subframes. In particular, not only the DL HARQ-ACK reporting is restricted, the LTE uplink data transmission is also constrained to a subset of uplink subframes. This, especially for TDD UL/DL configurations with a small number of uplink subframes, e.g., configuration #2, incurs a large uplink link budget loss. This is the key issue that needs to be tackled in Rel. 16.
Another issue that was raised during the Rel. 15 disucssions was about the applicability of the case-1 solution to EN-DC with LTE-TDD Pcell. In particular, if some uplink subframes are unavailable for LTE PUCCH, some LTE DL subframes cannot carry LTE data. Following up this discussion, in RAN1 #93, the following conclusion was reached:
Conclusion:
· 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


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.

Another possible avenue for enhancement could be to enable LTE CA with TDD serving cells of different DL/UL configurations. 
Based on the above discussion, the subsequent sections of this paper proposes solutions for the following issues:
· Issue 1: Not all the LTE uplink subframes can be used for PUSCH transmission under the Case-1 solution; hence, the LTE uplink link budget is constrained.
· Issue 2: For the case of LTE with TDD-Pcell, some LTE downlink subframes cannot be scheduled, thereby degrading the LTE downlink throughput.
· Issue 3: The carrier aggregation operation with Scells of different DL/UL configurations is not supported.

LTE Uplink Link Budget under EN-DC Single-Tx TDM Operation
Based on the Rel. 15 case-1 solution, both the DL HARQ reporting as well as uplink data transmission are restricted to a subset of uplink subframes. Considering the fact that the maximum LTE uplink utilization for LTE-NR users is 60%, the uplink link budget of LTE experiences a 2.2dB loss. This loss makes it challenging to reuse the LTE sites for the EN-DC users. 
Unlike DL HARQ, uplink data is not needed to be constrained to a subset of resources. The reason for this can be explained as follows: In the downlink, when reaching the maximum throughput is the objective, both LTE and NR carriers should be used. Hence, uplink collisions due to LTE PUCCH transmissions cannot be avoided. Hence, the LTE HARQ reporting should be limited to a subset of resources. Now, for uplink data, the LTE and NR uplink transmissions can be coordinated to be non-overlapping. In other words, there is no reason to limit the LTE PUSCH transmission semi-statically to a subset of uplink subframes. It should be highlighted that such a coordination is already assumed in Rel. 15 EN-DC for UEs capable of dynamic power sharing; for such UEs, NR uplink can take place over all uplink subframes. Considering the coordination is possible, the LTE PUSCH should equally be able to be sent on all available uplink subframes.
For an EN-DC user that follows the regular uplink HARQ (i.e., similar to without EN-DC), two modes of operation can be considered if collisions should be avoided:
· The UL HARQ can be performed in a synchronous manner
· The UL HARQ can be performed in an asynchronous manner.

It should be noted that asynchrous UL HARQ has been supported for different LTE features such as uplink enhancements, eLAA and sTTI and could be desirable to be supported for EN-DC users to reduce the re-transmission latency.
Based on the discussion in this section, we propose:
Proposal 1: For a UE configured with EN-DC and capable of dynamic power sharing, under the case-1 single-Tx TDM solution, LTE uplink HARQ is the same as without EN-DC for both FDD and TDD LTE Pcell and all uplink subframes can be used for LTE uplink data transmission.
[bookmark: _GoBack]Proposal 2: Due to the severe negative impact on UL link budget, don’t introduce case-1 singe-Tx TDM solution in TDD LTE unless data transmission on all UL subframes is enabled.
Single-Tx TDM Operation for EN-DC with TDD-Pcell
As mentioned earlier in this paper, the Rel. 15 case-1 solution impacts the LTE with TDD Pcell downlink performance since not all the downlink LTE subframes can be scheduled. This is illustrated in Figure 1, where the LTE cell is configured with DL/UL configuration #6, and three subframes are reserved for NR uplink transmissions.
[image: ]
Figure 1: LTE TDD-Pcell with DL/UL configuration #6. Subframes 4, 7 and 8 of each frame are reserved only for NR uplink transmission.

As shown in the figure, on a TDD-Pcell, if the LTE downlink HARQ follows the timing of the configured DL/UL configuration, a number of DL subframes cannot be used for data transmissions.
The possible solution to tackle this issue is similar to the approach adopted for LTE eIMTA; in particular, for a TDD cell, a UE-specific DL/UL configuration can be configured. Instead of following the DL HARQ timing of the SIB1 indicated DL/UL configuration, the UE follows the timing associated with the RRC DL/UL configuration. An example is illustrated in Figure 2.


Figure 2: LTE downlink HARQ timing in EN-DC with (1) Rel. 15 case-1 solution, and (2) Rel. 16 case-1 solution.

As shown in Figure 2, by following the HARQ timing of the RRC indicated DL/UL configuration, all LTE downlink subframes can be scheduled; the HARQ-ACK reporting is constrained to subframe 2 and 7 of each frame. Based on Proposal 1, for the case of LTE with TDD Pcell too, uplink HARQ timing is the same as without EN-DC.
Based on this discussion, we propose:
Proposal 3: If the need for enabling the case-1 single-Tx TDM solution for EN-DC with LTE-TDD Pcell is justified, the LTE downlink HARQ timing of the Pcell is based on the timing of the DL/UL configuration given by the RRC signaling. Similar to eIMTA, only DL/UL configurations 2, 4 and 5 can be used as a reference HARQ configuration of the Pcell. Further, the uplink HARQ procedure is similar to the case without EN-DC.
Single-Tx TDM Operation for EN-DC with LTE-CA
In Rel. 15, LTE CA with TDD secondary cells of different DL/UL configurations are not covered by the case-1 single-Tx TDM solution. Once the Pcell (either TDD or FDD) is configured with a DL HARQ reference configuration, this issue can be solved by following the LTE-TDD CA, where cells have different DL/UL configurations. 
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 Table 1:

	PDSCH HARQ timing on SCell follows TDD UL-DL configuration # 
	Pcell RRC UL-DL Configuration
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	1
	2
	3
	4
	5
	6

	Scell SIB-1 UL-DL Configuration
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	3
	4
	5
	6
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	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 3 for the case of LTE-TDD CA.


Figure 3: 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. According to Proposal 2, 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 a UE configured with EN-DC and capable of dynamic power sharing, under the case-1 single-Tx TDM solution, LTE uplink HARQ is the same as without EN-DC for both FDD and TDD LTE Pcell and all uplink subframes can be used for LTE uplink data transmission.
Proposal 2: Due to the severe negative impact on UL link budget, don’t introduce case-1 singe-Tx TDM solution in TDD LTE unless data transmission on all UL subframes is enabled.
Proposal 3: If the need for enabling the case-1 single-Tx TDM solution for EN-DC with LTE-TDD Pcell is justified, the LTE downlink HARQ timing of the Pcell is based on the timing of the DL/UL configuration given by the RRC signaling. Similar to eIMTA, only DL/UL configurations 2, 4 and 5 can be used as a reference HARQ configuration of the Pcell. Further, the uplink HARQ procedure is similar to the case without EN-DC.
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. 
[bookmark: _Ref450583331]
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