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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#81 meeting, the WID on multi-RAT dual connectivity and carrier aggregation enhancements is approved to be updated, which includes potential enhancements for single UL operation for EN-DC [1]. The corresponding scope for EN-DC enhancements is copied below.
	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 Ad-Hoc meeting 1901, the following agreement was achieved [2].
	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.


In RAN1 meeting#96, the following agreements related to single Tx switched UL in EN-DC with TDD Pcell were made [3]. And there are several remaining issues for further study.
	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)


In RAN1#96bis meeting, further agreements on DL HARQ timing and supported PUCCH formats were achieved [4].
	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 RAN#84 meeting, the WID was revised where the following object was added for RAN1 [5].
	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 RAN1#98 meeting, the following agreements were made [6], and there are several remaining issues for further study.
	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.
· 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
· Send LS to RAN2 to notify them the above agreement (Vodafone) R1-1909875, which is approved (by removing cc-ing to RAN) with final LS in R1-1909880
· When UE is configured with DL-reference config on the LTE PCell to support single UL in EN-DC with LTE TDD PCell, regarding the case of LTE PCell’s TDD pattern 0 & 6 (as configured in SIB1) 
· Not supported in R16.


In RAN1#98bis meeting, more agreements on the supported PUCCH formats, LTE PRACH transmission and single Tx/dual Tx collision handling were made [7], and there is still one remaining issue about UE capability towards Harmonic issue for further study.
	Agreements:
For single UL operation in EN-DC with LTE TDD PCell, and UE is configured with DL-reference UL/DL configuration, Using only PUCCH formats 3/4/5.
· A default PUCCH format 3 resource is used when the UE only receives PDCCH with DAI=1 and/or SPS PDSCH.
· The default one is corresponding to ARI=00
· Note: the existing multiplexing rule for HARQ-ACK, SR, and CSI onto PUCCH format 3 remains unchanged
· No PUCCH resources are reserved for SPS PDSCH for the UE
Agreements:
If a UE is configured with Case1 HARQ timing in EN-DC, with LTE TDD Pcell and (as a working assumption) with LTE FDD PCell, UE’s PRACH resource configurations are not limited to the UL subframes given by the DL-reference config.
· For type 1 UE (i.e. with fast communication between LTE and NR modems): if the UE’s LTE PRACH transmission collides with an NR UL transmission, LTE PRACH transmission is prioritized 
· For type 2 UE (i.e. without fast communication between LTE and NR modems): the UE is not required to support transmission of LTE PRACH transmission which does not coincide with the configured HARQ-ACK transmission occasions
Agreements:
· [bookmark: _Hlk22080274]Introduce a new UE capability of supporting DL reference configuration for dual-Tx UL (e.g., to handle DL de-sensing from harmonics)
Agreements:
· For the single-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE for type 1 UEs
· In which case, NR transmission is dropped for when the LTE and NR transmissions collide
· Note: there is no change of UL scheduling timing for LTE
Agreements:
· For the dual-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE at least for type 1 UEs 
· Note: there is no change of UL scheduling timing for LTE
Agreements:
· Support new RRC signaling “tdm-PatternConfig-r16” to configure a UE with a DL-reference config to the MCG PCell (LTE FDD) according to Rel-16 behavior
· FFS: Introduce a new per-BC capability bit for UE to indicate that DL de-sensing from Harmonic need to be handled by configuring DL-reference config to the LTE PCell and limit LTE UL transmissions to a subset of the subframes


This contribution discusses the remaining issues on single UL operation in EN-DC with TDD PCell and also with FDD PCell. Besides, some discussions about dual uplink EN-DC are also provided.
[bookmark: _Ref129681832]Discussion 
On allowing more LTE uplink subframes to be scheduled
For type 1 UE, i.e., with dynamic power sharing capability, the following agreements make it possible for UE to transmit LTE PUSCH/SRS/PRACH in all uplink occasions. 
	Agreements:
If a UE is configured with Case1 HARQ timing in EN-DC, with LTE TDD Pcell and (as a working assumption) with LTE FDD PCell, UE’s PRACH resource configurations are not limited to the UL subframes given by the DL-reference config.
· For type 1 UE (i.e. with fast communication between LTE and NR modems): if the UE’s LTE PRACH transmission collides with an NR UL transmission, LTE PRACH transmission is prioritized 
· For type 2 UE (i.e. without fast communication between LTE and NR modems): the UE is not required to support transmission of LTE PRACH transmission which does not coincide with the configured HARQ-ACK transmission occasions
Agreements:
· For the single-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE for type 1 UEs
· In which case, NR transmission is dropped for when the LTE and NR transmissions collide
· Note: there is no change of UL scheduling timing for LTE


While for type 2 UE, i.e., without dynamic power sharing capability, this issue is still under discussion. Particularly to EN-DC UE with FDD LTE Pcell in the single-Tx case, there exist LTE uplink subframes that are only overlapped with NR downlink slot(s) in time domain. These LTE uplink subframes can be scheduled for LTE transmission even for type 2 UEs even these subframes are not the subframe configured by tdm-PatternConfig-r15. An example is shown in the following Figure 1. As for the remaining LTE uplink subframes that are overlapped with NR uplink slot(s), UE is unable to tackle the collision case between LTE and NR transmission. Thus, the UE is not required to transmit LTE signals in these LTE uplink subframes.
[image: ]
Figure 1. Illustration of available LTE uplink subframes for PUSCH transmission
In the case of synchronous EN-DC, the slot boundary between LTE and NR can be aligned at UE side. Thus, both UE and network can realize which LTE uplink subframes only corresponds to NR downlink slots. As a consequence, network can schedule LTE uplink subframes that are only overlapped with NR downlink slots including subframes that are adjacent with NR uplink slots. 
While for asynchronous EN-DC, due to the transmission timing misalignment between LTE and NR uplink at UE side, network cannot guarantee that an LTE uplink subframe being adjacent with NR uplink slot only overlaps with NR downlink slots. Nonetheless, network can conservatively schedule the LTE uplink subframes that not only overlapping with NR DL slots but also being adjacent with NR DL slots on both sides which is shown in the following Figure 2.
[image: ]
Figure 2. Illustration of available LTE uplink subframes for PUSCH transmission for asynchronous EN-DC
Note that, it is applicable to avoid collision between LTE and NR uplink transmissions up to network implementation. Another option is to resolve the collision issue at UE side. When network schedules a UE to transmit LTE PUSCH in an uplink subframe which is not within the TDM pattern, if the scheduled uplink subframe overlaps in time even partially with NR uplink slot, the UE shall drop the LTE PUSCH. Therefore, the following proposal is given.
Proposal 1: For the single-Tx case, for FDD LTE Pcell, the LTE uplink subframes that are only overlapped with NR downlink slot(s) in time domain can be scheduled for LTE for type 2 UEs. Specify one of the following two options:
- Option 1: UE is allowed to be scheduled in the LTE uplink subframes that only correspond to NR downlink slot(s) in time domain, and UE is not required to transmit LTE PUSCH/SRS in the uplink subframes that overlapping with NR uplink slot(s).
- Option 2: UE is allowed to be scheduled in the LTE uplink subframes that only correspond to NR downlink slot(s) in time domain, and UE shall drop LTE PUSCH/SRS in the uplink subframes that overlapping with NR uplink slot(s).
On HARQ-offset values
The following agreements were made regarding the HARQ-offset in the RAN1#98 meeting.
	Agreements:
· 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.


In Rel-15, the candidate value of HARQ-offset that can be signaled from higher layer is from 0 to 9. As for Rel-16 EN-DC with LTE TDD Pcell, due to the fact that only LTE TDD configuration 2, 4, 5 can be used as DL-reference configuration and LTE PCell’s TDD pattern 0 & 6 as configured in SIB1 is not supported, the value range of HARQ-offset is not the same as Rel-15. Although it has been agreed that UE is expected that HARQ-offset value doesn’t violate the DL/UL configuration in SIB1, it will be still confusing for both network and UE if the value range of HARQ-offset in the RRC signaling still keeps from 0 to 9 in the specification. Hence, it is necessary to clearly specify the valid values of HARQ-offset for EN-DC with LTE TDD Pcell. To explore all possible combinations of TDD configurations, an example is illustrated in the following figure where LTE PCell is with cell-specific TDD configuration 1 (in SIB1) and configured with DL-reference configuration 2. In this example, the valid HARQ-offset value is one of {0, 1, 5, 6}.
[image: ]
Figure 3. Illustration of HARQ-offset for EN-DC with TDD PCell
All valid HARQ-offset values for each combination between cell-specific TDD configuration and DL-reference configuration are listed in the following table. By combining all the possible combinations together, the valid value of HARQ-offset is confirmed as one of {0, 1, 2, 5, 6}.  
Table 1. Valid HARQ-offset values
	Pcell Cell-specific TDD config
	DL-Reference TDD config
	Valid HARQ-offset value

	1
	2
	 (0,1,5,6)

	
	4
	(0,5)

	
	5
	(0,1,5,6)

	2
	5
	(0,5)

	3
	4
	(0,1)

	
	5
	(0,1,2)

	4
	5
	(0,1)



Proposal 2: The value range of HARQ-offset is {0, 1, 2, 5, 6} in the DL-reference TDD configuration for SUO of EN-DC with TDD PCell.
On supporting symbol-level TDM for EN-DC with LTE FDD PCell
In single UL operation of Rel-15 EN-DC, UE will determine valid LTE UL subframes within a frame according to the higher layer signaling tdm-PatternConfig-r15. The type 2 UE is restricted to transmit LTE UL signals only in these valid UL subframes, and it is not allowed to transmit NR UL signals in any NR slot that is overlapped in time with valid LTE UL subframes. The corresponding description can be found in TS 38.213 as follows:
	· If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 in [13, TS 36.213])
· If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC, the UE does not expect to transmit in a slot on the SCG in FR1 when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration.


As shown in the following figure, for a NR special slot of which the first portion is DL and the latter portion is UL, if it is overlapped in time with a valid LTE UL subframe, the UL portion of the special slot cannot be used for NR UL transmission. 
[image: ]
Figure 4. Illustration of legacy single UL operation
Note that, the UL portion in special slot can be used for SRS transmission which is beneficial for improving DL MIMO performance by the UL/DL channel reciprocity in TDD band. But with the current mechanism in single UL operation, the available UL resource for NR SRS transmission is significantly reduced, which will cause negative impact on the performance of DL MIMO. The UL resource of a NR TDD carrier is usually much less than DL resource, since most of the time duration will be configured to be DL in order to satisfy the DL dominant traffic. Therein, UL resource for NR SRS transmission may be insufficient in single UL operation, especially for UE of high mobility. Owing to this reason, it is preferred to allow more UL resource at NR side at least for SRS transmission for EN-DC UE in single UL operation. For instance, the NR symbols that overlap in time with the last symbol of LTE uplink subframe can be maintained for NR SRS transmission. In this case, UE can transmit LTE PUSCH/PUCCH only in the first 13 symbols of the subframe, and such short format PUSCH/PUCCH is already supported in LTE when cell-specific SRS is configured in the subframe. There is less impact on the LTE specification. 
[bookmark: _GoBack]Proposal 3: For an LTE uplink subframe configured by DL-reference TDD configuration, if the last symbol is reserved not to transmit, then the NR SRS overlapping in time with the reserved LTE symbol is allowed to transmit for EN-DC type 2 UE.
On the new RRC signaling for Rel-16 EN-DC UE
Through the discussion, the Rel-16 UE behaviors are different from Rel-15, both for single-Tx and dual-Tx case as follows:
	Agreements:
· For the single-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE for type 1 UEs
· In which case, NR transmission is dropped for when the LTE and NR transmissions collide
· Note: there is no change of UL scheduling timing for LTE
Agreements:
· For the dual-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE at least for type 1 UEs 
· Note: there is no change of UL scheduling timing for LTE


According to the corresponding agreement, RRC signaling “tdm-PatternConfig-r16” was agreed to be introduced as a parameter to differentiate two UE behaviors instead of Tx cases. Hence we think “tdm-PatternConfig-r16” should be applied for both single-Tx and dual-Tx.
Observation: RRC signaling tdm-PatternConfig-r15 cannot be applied to Rel-16 single-Tx UEs because of different UE behaviors. As a result, RRC signaling tdm-PatternConfig-r16 is applied for both single-Tx and dual-Tx UEs.
On PUSCH scheduling with CSS for Case 1 HARQ timing with FDD PCell
In our companion contribution [8], a draft CR is proposed to correct one issue identified last meeting about the UE behavior for EN-DC UE with Case 1 HARQ timing when PUSCH is scheduled by DCI in CSS. If it turns out that the concerned UE behavior in [8] is not completely supported in Rel-15 due to the late phase of Rel-15, then it should be completely supported in Rel-16. In that case, the following proposal is given,
Proposal 4: For EN-DC UE with FDD PCell configured with Case 1 HARQ timing, if the UE shall transmit HARQ-ACK on PUSCH scheduled via PDCCH/EPDCCH in common search space,
-	if the HARQ-ACK corresponds to PDSCH scheduled via PDCCH/EPDCCH in common search space, the UE shall assume the value of the DAI field in the DCI format for scheduling the PUSCH is equal to '1'; 
-	if the HARQ-ACK corresponds to PDSCH scheduled via PDCCH/EPDCCH in UE specific search space, the UE determines the HARQ-ACK feedback bits following the same procedure as the case that the PUSCH transmission is not performed based on a detected PDCCH/EPDCCH with DCI format 0/4.
Conclusions
In this contribution, remaining issues for single UL operation EN-DC were discussed. The following observation and proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation: RRC signaling tdm-PatternConfig-r15 cannot be applied to Rel-16 single-Tx UEs because of different UE behaviors. As a result, RRC signaling tdm-PatternConfig-r16 is applied for both single-Tx and dual-Tx UEs.

Proposal 1: For the single-Tx case, for FDD LTE Pcell, the LTE uplink subframes that are only overlapped with NR downlink slot(s) in time domain can be scheduled for LTE for type 2 UEs. Specify one of the following two options:
- Option 1: UE is allowed to be scheduled in the LTE uplink subframes that only correspond to NR downlink slot(s) in time domain, and UE is not required to transmit LTE PUSCH/SRS in the uplink subframes that overlapping with NR uplink slot(s).
- Option 2: UE is allowed to be scheduled in the LTE uplink subframes that only correspond to NR downlink slot(s) in time domain, and UE shall drop LTE PUSCH/SRS in the uplink subframes that overlapping with NR uplink slot(s).
Proposal 2: The value range of HARQ-offset is {0, 1, 2, 5, 6} in the DL-reference TDD configuration for SUO of EN-DC with TDD PCell.
Proposal 3: For LTE uplink subframes configured by DL-reference TDD configuration, if the last symbol is reserved not to transmit, then the NR SRS overlapping in time with the reserved LTE symbol is allowed to transmit for EN-DC type 2 UE.
Proposal 4: For EN-DC UE with FDD PCell configured with Case 1 HARQ timing, if the UE shall transmit HARQ-ACK on PUSCH scheduled via PDCCH/EPDCCH in common search space,
-	if the HARQ-ACK corresponds to PDSCH scheduled via PDCCH/EPDCCH in common search space, the UE shall assume the value of the DAI field in the DCI format for scheduling the PUSCH is equal to '1'; 
-	if the HARQ-ACK corresponds to PDSCH scheduled via PDCCH/EPDCCH in UE specific search space, the UE determines the HARQ-ACK feedback bits following the same procedure as the case that the PUSCH transmission is not performed based on a detected PDCCH/EPDCCH with DCI format 0/4.
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