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1 Introduction

A revised WID on “Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements” was approved in RAN#84 [1] and then one of objectives for the work item is as follows:

	6. Study and, if found beneficial over the existing single Tx switched uplink solution, specify enhancements to single Tx switched uplink solution for EN-DC, such as allowing all DL and UL subframes for data transmission for both NR and LTE. [RAN1].

Note: UE in single Tx switched uplink mode is not expected to be scheduled simultaneous transmission on MCG and SCG:
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].


Regarding enhancement to the existing single TX switched uplink solution, the following agreements were made:

	RAN1#96 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)
RAN1#96bis 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)

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



This contribution discusses remaining issues regarding enhancements to the existing single Tx switched uplink solutions especially for EN-DC between LTE TDD PCell and NR SCell and mechanisms to support dual uplink EN-DC.
2 Single Tx switched UL 
UL HARQ timing for PCell UL/DL configuration #0 or #6 
In RAN1#96, a support of DL-reference UL/DL configuration for DL HARQ timing was agreed for EN-DC between LTE TDD PCell and NR SCell. One of LTE TDD Pattern #2, #4, #5 can be configured as the DL-reference UL/DL configuration. In addition, it was agreed that UL HARQ timing follows TDD UL-DL configuration of the PCell with FFS aspects about whether/how to support the UL HARQ timing when TDD UL-DL configuration of the PCell is #0 or #6.
When TDD UL-DL configuration of the PCell is #0 or #6, a UL subframe index with a PUSCH by initial UL grant may be different from a UL subframe index with a PUSCH by re-transmission UL grant. For example, if a DL-reference UL/DL configuration is configured as #2 in case PCell TDD UL-DL configuration is #6, a PUSCH scheduled by an initial UL grant on DL subframe #0 is transmitted on UL subframe #7. On the other hand, if the PUSCH needs to be re-transmitted, the re-PUSCH should be transmitted on UL subframe #8 which is not designated as LTE UL by the DL-reference UL/DL configuration #2. To address this issue, several alternatives can be considered. The first alternative is to introduce a UL-reference UL/DL configuration for UL HARQ timing for the cases so that PUSCH transmission can be confined within UL subframes designated as LTE UL by a DL-reference UL/DL configuration among #2, #4 or #5. For example, LTE TDD Pattern 1 as a UL-reference UL/DL configuration for UL HARQ timing can be supported with an exception for a case where PCell UL-DL configuration is #0 and DL-reference configuration is #4. It is because when PCell UL-DL configuration is #0 and DL-reference UL/DL configuration is #4, there is no reference timing for PUSCH scheduling in UL subframe #3 by the LTE TDD Pattern 1 as UL-reference UL/DL configuration. To address the case, a simple way is to not support DL-reference UL/DL configuration #4 in case of PCell UL-DL configuration #0. But, another ways can be further discussed, e.g., an EN-DC UE does not expect to schedule PUSCH in the LTE UL subframe #3 for the case. One issue in the first alternative is that all UL subframes are not covered by the UL-reference UL/DL configuration which may imply a UE with dynamic power sharing capability needs to have two different UL HARQ timings under a TDD UL-DL configuration. Hence, it may not be feasible. The second alternative is to exclude #0 and #6 as PCell TDD UL-DL configuration for EN-DC between LTE TDD PCell and NR SCell. The second alternative can minimize specification impacts on LTE standard as much as possible.

UE behaviour with dynamic power sharing capability  
There was a discussion regarding UE behaviour for EN-DC UE with dynamic power sharing capability if there is a collision between NR PUSCH and LTE PUSCH in remaining UL subframes other than UL subframes designated as UL in the DL-reference UL/DL configuration. Our view is that Rel-15 dropping rule for EN-DC between LTE FDD PCell and NR SCell can be simply reused for EN-DC between LTE TDD PCell and NR SCell. That is, NR PUSCH can be dropped if there is a collision between LTE PUSCH and NR PUSCH.
Proposal 1: NR PUSCH can be dropped if there is a collision between LTE PUSCH and NR PUSCH.
HARQ-offset support
Another issue is whether/how to support HARQ-offset for EN-DC between LTE TDD PCell and NR SCell which is very similar as in SUO case 1 in EN-DC with LTE FDD PCell and NR SCell. In Rel-15, the HARQ-offset was introduced to evenly distribute EN-DC UE UL transmissions in all LTE UL subframes. Our view is that the HARQ-offset indices corresponding to LTE UL subframes designated as UL in the DL-reference UL/DL configuration can be considered for EN-DC with LTE TDD PCell and NR SCell without any further specification impacts. 
Proposal 2: HARQ-offset indices corresponding to LTE UL subframes designated as UL in the DL-reference UL/DL configuration can be considered.

DL HARQ timing for LTE SCells 
In RAN1#96bis, it was discussed how DL HARQ timing for a LTE SCell in case of LTE DL CA can be determined. And then, it was agreed a LTE FDD SCell uses the same DL-reference UL/DL configuration as the PCell in 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). Remaining aspects are for a LTE TDD SCell with the same UL/DL configuration as the TDD PCell or a different UL/DL configuration from the TDD PCell. For a LTE TDD SCell with a different UL/DL configuration from the TDD PCell, two alternatives are possible. The first one is to use the DL HARQ timing for SCell in inter-band TDD CA (i.e. Table 10.2-1 in 36.213). The second one is to use DL HARQ timing for SCell as in case of LTE FDD-TDD CA with LTE TDD PCell (i.e., Table 10.1.3A-1 in 36.213). On the other hand, for a LTE TDD SCell with the same UL/DL configuration as the PCell, two alternatives are possible as well. The first one is to use the same DL HARQ timing as the LTE TDD PCell (i.e. Table 10.1.3.1-1 in 36.213). The second one is to use the DL HARQ timing for SCell as in case of LTE FDD-TDD CA with LTE TDD PCell (i.e., Table 10.1.3A-1 in 36.213). In our view, we don’t see a big difference between the first and the second one for each case and then it is preferred to use the second one for each case taking into account a common DL HARQ timing can be applied for all cases.
Proposal 3: For a LTE TDD SCell with a same or different UL/DL configuration as the LTE TDD PCell, the LTE TDD SCell uses the same DL-reference UL/DL configuration as the PCell in 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).
PUCCH formats 
In RAN1#96bis, 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, PUCCH formats 3/4/5 is supported and PUCCH fallback operation based on implicit resource indication is not supported. Remaining aspects are about PUCCH format and resource determination when the UE receives only DAI=1 or only SPS related PDCCH/PDSCH. Even if the UE receives only DAI=1 or only SPS related PDCCH/PDSCH, a configured PUCCH format (e.g., one of PUCCH format 3/4/5) can be still utilized. The issue is that how the UE can determine a PUCCH resource to transmit the PUCCH format because a TPC field in the DCI format cannot be utilized to determine the PUCCH resource. A possible alternative is to use a PUCCH resource configured for the EN-DC UE when the UE receives DAI=1 or only SPS related PDCCH/PDSCH. In order to reduce LTE standard impacts as much as possible, a simple way is to use one PUCCH resource value of four PUCCH resource values which are already RRC configured for the use of PUCCH format 3/4/5. Which one PUCCH resource should be used can be fixed in the specification.
Proposal 4: For EN-DC between LTE TDD PCell and NR SCell, if the UE receives DAI=1 or only SPS related PDCCH/PDSCH, the UE uses one PUCCH resource value of four PUCCH resource values which are already RRC configured for the use of PUCCH format 3/4/5.
3 Dual UL EN-DC
The simultaneous operation of UL in 1.8GHz with DL in 3.5GHz may cause harmonic interference (e.g. 1.8GHz LTE FDD in band 3 and 3.5GHz NR TDD in band n77/n78) [2]. Although the following agreement was made in RAN1#90b regarding the harmonic interference, there was no further discussion about it.

Agreements:

· DL/UL TDM (to avoid self-interference due to harmonics) is a network decision on a per-UE basis

· No RRC configuration signalling is provided to the UE for this purpose (except FFS for the LTE RRC signalling to configure Case 1 HARQ timing)

· UEs can be scheduled for NR or LTE uplink transmission in an arbitrary slot

· UEs can be scheduled for NR or LTE downlink transmission in an arbitrary slot

As discussed in RAN1#90b, the single TX switched UL design to solve IMD can be used to avoid the harmonic interference to DL reception in NR TDD. That is, LTE feedback to PDSCH can be confined within LTE UL subframes only when NR TDD is UL which means TDD HARQ timing is necessary to be introduced for LTE FDD. In addition, considering flexible positions of UL slots in NR TDD, HARQ-offset to shift UL subframes for HARQ-ACK feedback can be supported.
Proposal 5: In EN-DC between LTE FDD PCell and NR TDD SCell, Case 1 HARQ timing and HARQ-offset can be configured for EN-DC UEs suffered from harmonic interferences.
Regarding UL HARQ timing to PUSCH and PUCCH formats in dual UL EN-DC, our view is to follow spec. supports agreed for the single TX switched UL design to solve IMD unless some issues by following Rel-15 spec. are justified.

Proposal 6: In EN-DC between LTE FDD PCell and NR TDD SCell, Rel-15 spec. for UL HARQ timing to PUSCH and PUCCH formats are applied for EN-DC UEs suffered from harmonic interferences.
Another issue is that in band combinations such as 1.8GHz LTE FDD in band 3 and 3.5GHz NR TDD in band n77/n78, both IMD and harmonic may cause interferences to DL receptions in LTE FDD PCell or NR TDD SCell for EN-DC UEs. For example, two UL transmissions for LTE and NR can be aligned in order to solve harmonic interference on NR DL reception in 3.5GHz. However, it may cause IMD interference on LTE DL reception in 1.8GHz, again. Therefore, it should be further discussed whether both interferences may happen in certain band combinations and how to address it.
4 Conclusions 

This contribution discusses remaining issues regarding enhancements to the existing single Tx switched uplink solutions especially for EN-DC between LTE TDD PCell and NR SCell and mechanisms to support dual uplink EN-DC then proposes the following depending on the discussion:
Proposal 1: NR PUSCH can be dropped if there is a collision between LTE PUSCH and NR PUSCH.
Proposal 2: HARQ-offset indices corresponding to LTE UL subframes designated as UL in the DL-reference UL-DL configuration can be considered.
Proposal 3: For a LTE TDD SCell with a same or different UL/DL configuration as the LTE TDD PCell, the LTE TDD SCell uses the same DL-reference UL/DL configuration as the PCell in 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).
Proposal 4: For EN-DC between LTE TDD PCell and NR SCell, if the UE receives DAI=1 or only SPS related PDCCH/PDSCH, the UE uses one PUCCH resource value of four PUCCH resource values which are already RRC configured for the use of PUCCH format 3/4/5.

Proposal 5: In EN-DC between LTE FDD PCell and NR TDD SCell, Case 1 HARQ timing and HARQ-offset can be configured for EN-DC UEs suffered from harmonic interferences.

Proposal 6: In EN-DC between LTE FDD PCell and NR TDD SCell, Rel-15 spec. for UL HARQ timing to PUSCH and PUCCH formats is applied for EN-DC UEs suffered from harmonic interferences.
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