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1	Introduction 
In RAN1 #98 [1], the following contents are agreed:
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

Besides, in RAN1 #96 [2], the following contents are agreed:
Agreements:
For single tx switched UL in EN-DC with TDD PCell, the LTE PCell can be configured with DL-reference UL/DL config
· 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)

This tdoc focus on the discussions of enhancements to single UL operations for Rel-16 EN-DC.
2	UE Behaviour when configured with single uplink operation for FDD PCell or TDD PCell
In RAN1 #98, it is agreed that Case1 HARQ timing in single UL is applied to EN-DC UE capable of dual UL Tx with LTE FDD PCell:

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

The intention of this agreement is to solve the harmonic interference for FDD PCell EN-DC and improve the FDD LTE downlink performance.

Here, we try to sort out current spec for UE behavior when configured with single uplink operation for FDD PCell or TDD PCell. 

The UE reported MR-DC capability parameters related to single UL include:
[bookmark: _Toc12750901]38.306 4.2.7.9	MRDC-Parameters -- 
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	dynamicPowerSharing
Indicates whether the UE supports dynamic EN-DC power sharing between NR FR1 carriers and the LTE carriers. If the UE supports this capability it will dynamically share the power between NR FR1 and LTE if PLTE + PNR > PEN-DC_Total, as specified in TS 38.213 [11].
	BC
	Yes
	No
	FR1 only

	singleUL-Transmission
Indicates that the UE does not support simultaneous UL transmissions as defined in TS 38.101-3 [4]. The UE may only include this field for certain band combinations defined in TS 38.101-3 [4]. If included for a particular band combination, the field applies to all fallback band combinations of this band combination that are defined in TS 38.101-3 [4] as being allowed to include this field and does not apply to any other fallback band combinations defined in TS 38.101-3 [4].
	BC
	No
	No
	No

	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.
	BC
	CY
	Yes
	Yes



According to 36.331-f70, 6.2.2:
	tdm-PatternConfig
UL/DL reference configuration indicating the time during which a UE configured with (NG)EN-DC is allowed to transmit. This field is used when power control or IMD issues require single UL transmission as specified in TS 38.101-3 [101] and TS 38.213 [88].


UE performs single UL transmission while tdm-PatternConfig (TDM-PatternConfig-r15) is configured. 
The information of tdm-PatternConfig (TDM-PatternConfig-r15) for R15 EN-DC is shown below (from 36.331 6.2.2):
TDM-PatternConfig-r15 ::=			CHOICE {
	release							NULL,
	setup							SEQUENCE {
		subframeAssignment-r15			SubframeAssignment-r15,
		harq-Offset-r15					INTEGER (0.. 9)
	}
}
	subframeAssignment
Indicates DL/UL subframe configuration where sa0 points to Configuration 0, sa1 to Configuration 1 etc. as specified in TS 36.211 [21], table 4.2-2.

	harq-Offset
Indicates a HARQ subframe offset that is applied to the subframes designated as UL in the associated subrame assignment, see TS 36.213 [23].



When a UE is capable of simultaneous UL transmissions, it will not report the parameter singleUL-Transmission. However, the UE still has to support tdm-Pattern if it does not support dynamic power sharing.

The behavior of NR UL transmission of Type II UE (UE not capable of dynamic power sharing) with tdm-PatternConfig-r15 configured (UE performs single UL transmission) is defined in:
38.213-f70 7.6.1 EN-DC --

· 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.
· If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC, the UE expects to be configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 in [13, TS 36.213]).

In RAN1 #98 agreement as mentioned before, Case1 HARQ timing in single UL is applied to EN-DC UE capable of dual UL Tx. To our understanding, this should apply to UEs support or not support dynamic power sharing. For UE capable of dynamic power sharing and configured with tdm-PatternConfig-r15, UE performs single UL and UE still can transmit in a slot on the SCG (NR) in FR1 when a corresponding subframe on the MCG (LTE) is an UL subframe in the reference TDD configuration. Therefore, for R16 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15), all uplink slots can be scheduled for NR for a Type I UE. 

Observation 1: According to current spec, for R16 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15), all uplink slots can be scheduled for NR for a Type I UE (capable of dynamic power sharing).

As for the R15 EN-DC UE behavior of LTE UL transmission of FDD PCell with tdm-PatternConfig-r15 configured (UE performs single UL transmission), it is defined in:
36.213-f70 Sec 8 -- 
· For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with subframeAssignment-r15 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in the serving cell on subframes other than offset-UL subframes, where the offset-UL subframes are determined by applying an offset value given by harq-Offset-r15 to the subframes denoted as uplink in the UL/DL configuration subframeAssignment-r15.

Observation 2: According to current spec, for R15 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15) with FDD PCell, only offset-UL subframes can be scheduled for LTE UL.

In RAN1 #98 agreement as mentioned before, the FFS: all uplink subframes can be scheduled for LTE would impact the spec in 36.213 Sec 8.

Observation 3: If all uplink subframes can be scheduled for LTE for R16 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15) with FDD PCell, as the FFS in RAN1 #98 agreement, this would impact the spec in 36.213 Sec 8:
For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with subframeAssignment-r15 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in the serving cell on subframes other than offset-UL subframes,


Besides, according to previous agreement in 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
· 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
The dropping rule for collision in the agreement for EN-DC is for TDD PCell. If we want to allow LTE/NR PUSCH to be scheduled in all UL subframes for EN-DC with FDD PCell, as the FFS in RAN1 #98 agreement, similar dropping rule for collision would need to be defined.
Proposal 1: If LTE/NR PUSCH are allowed to be scheduled in all UL subframes for EN-DC with FDD PCell, as the FFS in RAN1 #98 agreement, similar dropping rule as agreed in RAN1 #96 for collision would need to be defined.

Besides, allowing LTE/NR PUSCH to be scheduled in all UL subframes for EN-DC UE with FDD/TDD PCell and the corresponding dropping rules for collision are new behaviors in R16. If there is no extended UE capability for R16 (ex: singleUL-Transmission-r16), when UE reports capability of singleUL-Transmission, NW can not distinguish whether this UE supports R15 or R16 behavior. Therefore, new single UL capabilities to distinguish R15/R16 UE should be defined.

Proposal 2: Define new capability signal for single UL transmission (ex: singleUL-Transmission-r16) to distinguish R15/R16 UE single UL behavior, for example, the UL scheduling flexibility and the corresponding dropping rules for collision.

3	Summary 
In this contribution, we focus on the discussions of enhancements to single UL operations for Rel-16 EN-DC:

Observation 1: According to current spec, for R16 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15), all uplink slots can be scheduled for NR for a Type I UE (capable of dynamic power sharing).

Observation 2: According to current spec, for R15 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15) with FDD PCell, only offset-UL subframes can be scheduled for LTE UL.

Observation 3: If all uplink subframes can be scheduled for LTE for R16 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15) with FDD PCell, as the FFS in RAN1 #98 agreement, this would impact the spec in 36.213 Sec 8:
For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with subframeAssignment-r15 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in the serving cell on subframes other than offset-UL subframes,

Proposal 1: If LTE/NR PUSCH are allowed to be scheduled in all UL subframes for EN-DC with FDD PCell, as the FFS in RAN1 #98 agreement, similar dropping rule as agreed in RAN1 #96 for collision would need to be defined.

Proposal 2: Define new capability signal for single UL transmission (ex: singleUL-Transmission-r16) to distinguish R15/R16 UE single UL behavior, for example, the UL scheduling flexibility and the corresponding dropping rules for collision.
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