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1
Introduction
In RAN#82 meeting, a new WI on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements was agreed in [1], one of the objectives is the enhancement of single Tx switched uplink, as showing below,
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
In RAN1#96 bis meeting, the following agreements were reached on EN-DC enhancement [2].
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

In addition, a new objective under this WI was identified in RAN#84 meeting [5],
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].
In this contribution, we give the analysis on the potential enhancement on single UL operation on TDD EN-DC and FDD EN-DC. 
2
Single Tx switched uplink operation for TDD EN-DC
According to the agreements made in last RAN1 meeting, several issues need to be clarified for EN-DC enhancement. 
· FFS: whether/how to support TDD pattern 0/6 for LTE PCell

For TDD EN-DC, it was agreed the DL-reference UL/DL configuration can be UL/DL configuration 2, 4, or 5. At least for type 2 UE, the UL subframes for LTE PCell are determined by the UL subframes in DL-reference UL/DL configuration. As showing in Figure 1, UL/DL configuration 5 is configured as the DL-reference UL/DL configuration, the PCell configuration is UL/DL configuration 0 or 6, so only subframe 2 in each radio frame is designated as the UL subframe for TDD PCell. But for configuration 0 and 6, the UL HARQ process RTT is not 10ms, thus different HARQ process will appear in subframe 2 in consecutive radio frames, it makes the RTT for one HARQ process longer, i.e., 70ms for configuration 0, 60ms for configuration 6, this level longer delay is not tolerable. The possible solution to solve the issue is to define new HARQ timing. In some contributions, the UL-reference UL/DL configuration is proposed to apply to UL/DL configuration 0/6, for type 2 UE, UE is allowed to transmit LTE PUSCH only in the UL subframes designated as UL in the DL-reference configuration, the proposal is ok. But for type 1 UE, the UE should not assume that LTE PUSCH is only scheduled in the UL subframes associated configured by the DL-reference configuration, there are several issues with this proposal. 
· First, the principle of UL reference configuration selection is that PUSCH in most of the UL subframes on scheduled cell has associated DL subframe for PHICH/UL grant transmission, then the UL-reference UL/DL configuration should be UL subframe heavy configuration. But the UL/DL configuration 0 and 6 have most UL subframes than other configurations, so if other UL/DL configuration is applied as UL-reference configuration to UL/DL configuration 0/6, some of UL subframes could not be scheduled as UL grant is not available. As showing in figure 1, if UL/DL configuration 1 is configured as UL-reference HARQ timing for UL/DL configuration 0, basically, the UL subframe #2, #3, #7, #8 should be available for PUSCH transmission, however the subframe #3 and #8 could not be used , as the corresponding UL grant is in the subframe #9 and #4, however the subframe #9 and #4 are the UL subframe in UL/DL configuration 0.
· Second, it was agreed in RAN1#96 meeting, all LTE UL subframes could be used for PUSCH transmission for UE with dynamic power sharing capability. In this sense, the UL subframes not covered by UL-reference UL/DL configuration will follow the its own UL HARQ timing. Still using the same example in Figure 1, the subframe#4 and #9 will follow UL HARQ timing of configuration 0, other UL subframes follow the UL HARQ timing of configuration 1. UE would have two set of HARQ timing lines running with different RTT, this is not feasible. As the UL HARQ operation is synchronous HARQ, there is no HARQ process ID in the grant.
Considering the UL/DL configuration 0 and 6 are not deployed in the real network, and more standard efforts are required, thus it’s preferred the single uplink operation is not supported for UL/DL configuration 0/6 as PCell in EN-DC. 
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Figure1: UL HARQ processes for configuration 0, 1, 6

Proposal 1: Single uplink operation is not supported for TDD UL/DL configuration 0/6 as LTE Pcell in EN-DC.
· Dropping rule when UL scheduling is collision
Another left issue is how to handle the collision if UL is scheduled simultaneously by LTE and NR.
· 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
Normally this collision should be avoided by eNB and gNB scheduling. If collision is occurred in the UL subframe assigned to NR, it could be better to drop the NR transmission with the following considerations: 
First, the LTE UL HARQ timing line is longer than NR, and the LTE UL scheduling is less flexibility than NR, if the LTE transmission is dropped, it need more time to reschedule the PUSCH transmission. 
Second, LTE subcarrier spacing is 15KHz, NR maybe configured with higher SCS, thus dropping NR transmission could have less impacts from performance point of view. 

Last, LTE is the PCell, dropping NR transmission could avoid potential loss of the PCell uplink.

Proposal 2: If there is collision in the subframe which is not designated as UL in the DL-reference configuration, UE is expected to drop NR UL transmission.
· PUCCH formats for LTE TDD PCell EN-DC

According to the agreements in the last meeting, PUCCH format 3/4/5 will be supported for TDD PCell EN-DC with single uplink operation, and PUCCH fallback operation based on implicit resource indication is not supported. Thus, the left issue is how to derive the PUCCH resource when DAI=1. Generally, there are two alternatives to treat the case of DAI=1, 

1. Fallback to PUCCH format 1a/1b, additional PUCCH format 1a/1b resources are reserved just as the PUCCH resource reserved for SPS. For one UE, the reserved PUCCH resources are doubled if configured transmission mode supporting up to two transport block. With this option, if SPS and DAI=1 only case occur in the same bundle window, PUCCH format 1b with channel selection is required to be supported. 
2. No fallback operation, which means the PUCCH format 3/4/5 will be always used even with DAI=1 only case. In this case, one specific PUCCH resource is applied for HARQ-ACK feedback, such as the first resource in total configured four resources or UE ID module 4 to derive which configured the PUCCH resource to be used. And the DAI=1 only is always in the last subframe of DL bundle window. 
Comparing two alternatives, alternative 1 needs to reserve additional PUCCH format 1a/1b resources. From receiver side, the eNB need to blind decode the PUCCH format 3/4/5 resources and PUCCH format 1b resource, as UE could miss detection of DCI with DAI=2. For alternative 2, UE doesn’t need to support PUCCH 1b with channel selection, such UE and eNB implementations are simplified. As DAI=1 only case is always in the last subframe of bundle window, if UE detect the DAI=1 in other subframe, but not detect the DAI=2, then UE would know DCI with DAI=2 is missed. the limitation of alternative 2 is scheduling DAI=1 only in the last subframe of bundle window. Based on above analysis, the following is proposed. 
Proposal 3: PUCCH fallback operation is not supported, DAI=1 only is always in the last subframe of DL bundle window, and specific PUCCH format 3/4/5 resource is used.
3
LTE CA in SUO mode in EN-DC

For the TDD PCell EN-DC in single transmission mode and the DL-reference UL/DL configuration is configured, the LTE DL HARQ timing for one configured serving cell was agreed in last RAN1 meeting. For TDD CA case, the HARQ timing line is still FFS. The proposal in [3] is reasonable and aligned with the structure of specification 36.213, e.g., separate handling TDD HARQ-ACK reporting procedure for same UL/DL configuration and different UL/DL configurations. Moreover, from technical point of view, if FDD-TDD CA downlink association set table, i.e., Table 10.1.3A-1, is applied to TDD SCell with the same UL/DL configuration as the PCell, then even the UL subframe would have the HARQ-ACK feedback, reporting the redundant HARQ-ACK bits are not necessary and would get the performance loss. The proposal in [3] makes the HARQ-ACK feedback clearer and more efficient, no redundant HARQ-ACK bits are reported for same UL/DL configuration case.

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)

Proposal 4: For LTE DL CA, the SCell uses the same DL-reference UL/DL configuration as the PCell
· For the LTE TDD SCell with different UL/DL configuration 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 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)
Based on previous RAN1 meeting agreements, for UE operating in single uplink operation and configured with Case 1 HARQ timing in EN-DC, UL CA is not allowed. According to the specification 38.101-3, the problematic band combinations were identified, taken the DC_1-3_n78 band combination in table 5.2B.4.2-1 as example, the band 3 and band n78 is the problematic combination, so the single uplink operation is allowed. If Case 1 HARQ timing is configured, to support UL CA in EN-DC, two CA cases need to be considered. 

· To enable intra-band UL CA, the uplink subframes in Scell are aligned with the uplink subframe allocation in PCell. For example, the EN-DC configuration DC_3A_n78A is defined in Table 5.5B.4.1-1 in [4], the intra-band UL CA in band 3 can be allowed.
· To enable inter-band UL CA, the available UL subframes in Scell are depending on CA band combination. 
· If the CA band is not issue band in EN-DC band combination, then all UL subframe in the carrier of that band can be scheduled. For example, the EN-DC configuration DC_1A-3A_n78A defined in Table 5.5B.4.2-1 in [4], all UL subframes in SCell in band 1 can be scheduled.
· If the CA band is issue band in EN-DC band combination, then the uplink subframes in Scell are aligned with the uplink subframe allocation in PCell. For example, the EN-DC configuration DC_1A-3A_n78A defined in Table 5.5B.4.2-1 in [4], the available UL subframes in band 3 are subject to the configured HARQ reference configuration.
Table 5.2B.4.2-1: Band combinations EN-DC (three bands) [4]
	EN-DC Band
	E-UTRA Band
	NR Band
	Single UL allowed

	DC_1-3_n28
	CA_1-3
	n28
	No

	DC_1-3_n772
	CA_1-3
	n77
	DC_1_n77, DC_3_n77

	DC_1-3_n782
	CA_1-3
	n78
	DC_3_n78

	DC_1-3_n792
	CA_1-3
	n79
	No


Proposal 5: If Case 1 HARQ timing is configured, the UL subframe usage in a UL CA carrier is determined by whether its CA band is problematic band in EN-DC band combination.
· For intra-band UL CA and inter-band CA with problematic CA band, the uplink subframes in Scell are aligned with the uplink subframe allocation in PCell
· For inter-band CA with non-problematic CA band, all UL subframe in the carrier of that band can be scheduled
4
DL-reference HARQ timing applying to dual uplink EN-DC

The following new objective was agreed to capture in the MRDC/CA enhancement WI.

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].

As discussed in [6], the intention of new objective is to solve the harmonic interference for FDD Pecell EN-DC and improve the FDD LTE downlink performance. To fulfill the new objective, two aspects could be different from Rel.15 design.

First, the designated LTE UL subframes are the same or subset of the designated NR subframes. 

Second, dual uplink transmissions are on designated LTE UL subframes. 

The first aspect is just network configuration issue. For the second aspect, according to RAN1 agreements and specification, even the UE is configured in single UL operation mode with the DL-reference HARQ timing, the LTE and NR transmission can still be scheduled on the subframe designated as LTE UL subframe, but this is depending on the UE capability. According to specification 36.306, the tdm-pattern is conditional mandatory feature for UE, more specically, tdm-pattern is mandatory feature for UE without dynamic power sharing capability, and it’s optional for UE with the capability of dynamic power sharing.

RAN1#90bis Agreements:

· For the case of a UE configured with multiple uplink carriers (regardless of SUL or not) but where the UE is assumed to only operate on one uplink carrier at a time: 

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

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

· The UE behaviour in case of being simultaneously scheduled on LTE and NR uplinks is not specified

38.306 4.2.7.9 MRDC-Parameters

	tdm-Pattern

Indicates whether the UE supports the tdm-PatternConfig for single UL-transmission associated functionality, as specified in TS 36.331 [17]. Support is conditionally mandatory for UEs that do not support dynamic power sharing and for UEs that indicate single UL transmission for any BC, and optional otherwise.


Based on above analysis, we have the following observation.

Observation: 
· For a UE without dynamic power sharing capability, if UE is configured with tdm-pattern, dual uplink transmission was already supported in the subframe designated as LTE UL .

· For a UE with dynamic power sharing capability, supporting tdm-pattern is an optional requirement.
For a UE with dynamic power sharing capability, the tdm-pattern may not be configured as it’s an optional feature for UE. In another word, the target of the new objective could not be fulfilled to UE not supporting tdm-pattern. 

Proposal 6: The tdm-pattern is supported for a UE with dynamic power sharing capability.

5
Conclusions

In this contribution, the potential enhancements on single uplink operation are discussed, the following proposal and observations are made.
Proposal 1: Single uplink operation is not supported for TDD UL/DL configuration 0/6 as LTE Pcell in EN-DC.
Proposal 2: If there is collision in the subframe which is not designated as UL in the DL-reference configuration, UE is expected to drop NR UL transmission.
Proposal 3: PUCCH fallback operation is not supported, DAI=1 only is always in the last subframe of DL bundle window, and specific PUCCH format 3/4/5 resource is used.

Proposal 4: For LTE DL CA, the Sell uses the same DL-reference UL/DL configuration as the PCell
· For the LTE TDD SCell with different UL/DL configuration 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 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: If Case 1 HARQ timing is configured, the UL subframe usage in a UL CA carrier is determined by whether its CA band is problematic band in EN-DC band combination.

· For intra-band UL CA and inter-band CA with problematic CA band, the uplink subframes in Scell are aligned with the uplink subframe allocation in PCell

· For inter-band CA with non-problematic CA band, all UL subframe in the carrier of that band can be scheduled
Proposal 6: The tdm-pattern is supported for a UE with dynamic power sharing capability.
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