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Introduction
[bookmark: _Ref178064866]In this document we discuss remaining issues related specification of single-tx operation for EN-DC and propose some corrections to TS 38.213.
Discussion

In RAN1#98bis, the following was agreed regarding Rel16 UE behavior for UEs configured with Case 1 HARQ timing for FDD Pcell

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

In 38.213, the above agreements were captured in sub-clause 7.6.1 as shown below

“
7.6.1	EN-DC
If a UE is configured with a MCG using E-UTRA radio access and with a SCG using NR radio access, the UE is configured a maximum power [image: ] for transmissions on the MCG by p-MaxEUTRA and a maximum power [image: ] for transmissions in FR1 on the SCG by p-NR-FR1. 
The UE determines a transmission power for the MCG as described in [13, TS 36.213] using [image: ] as the maximum transmission power. The UE determines transmission power for the SCG in FR1 as described Clauses 7.1 through 7.5 using [image: ] as the maximum transmission power. The UE determines transmission power for the SCG in FR2 as described Clauses 7.1 through 7.5.
A UE does not expect to be configured for operation with shortened TTI and/or processing time [13, TS 36.213] on a cell that is included in an EN-DC configuration.
If a UE is configured with [image: ], where [image: ] is the linear value of [image: ], [image: ] is the linear value of [image: ], and [image: ] is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for FR1, the UE determines a transmission power for the SCG as follows.
-	If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 or by tdm-PatternConfig-r16 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 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 indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, and does not indicate a capability tdm-Pattern-dualTx in [16, TS 38.306], and is configured with tdm-PatternConfig-r16, the UE does not transmit on the SCG in FR1 when the UE has overlapped transmission on a subframe on the MCG.
-	If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC and
-	if UE transmission(s) in subframe [image: ] of the MCG overlap in time with UE transmission(s) in slot [image: ] of the SCG in FR1, and
-	if [image: ] in any portion of slot [image: ] of the SCG, 
	the UE reduces transmission power in any portion of slot [image: ] of the SCG so that [image: ] in any portion of slot [image: ], where [image: ] and [image: ] are the linear values of the total UE transmission powers in subframe [image: ] of the MCG and in slot [image: ] of the SCG in FR1, respectively. The UE is not required to transmit in any portion of slot [image: ] of the SCG if [image: ] would need to be reduced by more than the value provided by XSCALE in order for [image: ] in any portion of slot [image: ] of the SCG. The UE is required to transmit in slot [image: ] of the SCG if [image: ] would not need to be reduced by more than the value provided by XSCALE in order for [image: ] in all portions of slot [image: ].
-	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 or by tdm-PatternConfig-r16 in [13, TS 36.213]). 
”

The blue highlighted part in the above text does not accurately capture the desired behavior for ‘single-Tx’ case as the text is under the condition “If a UE is configured with [image: ]…”. For single-Tx case (i.e., a UE indicating singleUL-Transmission), the UE cannot transmit simultaneously on LTE and NR regardless of [image: ],  [image: ]settings. So, the behavior of dropping NR should be specified outside the  [image: ] restriction.

This aspect was discussed as part of RAN1 100-e email discussions and following decision was reached

Decision: As per email decision posted on Mar. 4th, following conclusion applies:
· Conclude that TP is needed to resolve the issue (as summarized in R1-2001392). Further decide on the wording of TP (strive to down select between option 1 and option 2 if possible).

Among the two TP options that were discussed, our preference is Option 1.

It was discussed in previous meeting whether TP Option 1 takes into consideration the below agreement 

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)

The TPs under discussion are to capture the agreements for “Single-tx case” (i.e., case where UE can only transmit on one of either LTE or NR UL) and have no link to above agreement which deals with “dual-Tx UL” (i.e., UE can transmit on both LTE and NR UL simultaneously). 
Also, the related UE behavior for dual-tx UEs supporting Case 1 HARQ timing via tdm-PatternConfig-r16 is already captured in the specifications and there is no additional behavior that needs to be specified. i.e., 
· For LTE side
· Configuration details of LTE parameter tdm-PatternConfig-r16 are captured in the running CR for 36.331 [2] where it is clearly stated that this parameter is – “..used for dual UL transmission in EN-DC with LTE FDD PCell and for single UL transmission in EN-DC with LTE FDD/TDD PCell..”

·  Changes to HARQ timing when UE is configured with LTE parameter tdm-PatternConfig-r16 are captured in 36.213
· For NR side, 
· Capability description is currently captured as FG 18-3 in R1-2001484 (eventually to be captured in 38.306 along with other Rel16 UE capabilities) 
· Related UE behavior is captured in 38.213 sub clause 7.6.1 (as shown in the Annex)

Therefore, adopting TP option 1 has no impact on the agreement on UE capability of supporting DL reference configuration for dual-Tx UL

[bookmark: _GoBack]Then, the proposed TP Option 2 attempts to define “Single-tx case” as “If the UE … does not indicate a capability tdm-Pattern-dualTx…”.  This was not the intention of introducing tdm-Pattern-dualTx. For example, a dual tx UE without having harmonic issue need not indicate tdm-Pattern-dualTx, and such a UE should not be captured as ‘Single-tx case’. The formulation in option 2 also skips the aspect that the case of UE being able to transmit on only one of either LTE or NR UL (i.e., single-tx case) is linked to certain band and carrier combinations captured in 38.101-3.  Furthermore, Option 2 is also not aligned with point 2 of the recent RAN2 LS with guidelines on UE capabilities [3]. 

Conclusions
In this document, we discuss remaining issues related to specification of single-tx operation for EN-DC and propose the following
Proposal 1: Agree to below Text proposal (i.e., option 1 in R1-2001392) for 38.213 sub-clause 7.6.1

---------------------------- start TP to sub clause 7.6.1 of 38.213v16.0.0 --------------------------------------
7.6.1     EN-DC
If a UE is configured with a MCG using E-UTRA radio access and with a SCG using NR radio access, the UE is configured a maximum power  fmor transmissions on the MCG by p-MaxEUTRA and a maximum power  for transmissions in FR1 on the SCG by p-NR-FR1. 
The UE determines a transmission power for the MCG as described in [13, TS 36.213] using  as the maximum transmission power. The UE determines transmission power for the SCG in FR1 as described Clauses 7.1 through 7.5 using  as the maximum transmission power. The UE determines transmission power for the SCG in FR2 as described Clauses 7.1 through 7.5.
A UE does not expect to be configured for operation with shortened TTI and/or processing time [13, TS 36.213] on a cell that is included in an EN-DC configuration.
If the UE indicates capability for dynamic power sharing between E-UTRA and NR for EN-DC, and if the UE is configured with tdm-PatternConfig-r16, then for the band combinations for which the UE indicates using singleUL-Transmission that it does not support simultaneous  UL transmissions (as defined in TS 38.101-3 [8-3]), the UE does not transmit on the SCG in FR1 when the UE has overlapped transmission on a subframe on the MCG.
If a UE is configured with , where  is the linear value of ,  is the linear value of , and  is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for FR1, the UE determines a transmission power for the SCG as follows.
-   If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 or by tdm-PatternConfig-r16 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 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 indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, and does not indicate a capability tdm-Pattern-dualTx in [16, TS 38.306], and is configured with tdm-PatternConfig-r16, the UE does not transmit on the SCG in FR1 when the UE has overlapped transmission on a subframe on the MCG.
-   If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC and
-    if UE transmission(s) in subframe  of the MCG overlap in time with UE transmission(s) in slot  of the SCG in FR1, and
---------------------------- end TP ------------------------------------------------------------------------------

References
[1] R1-2001392 – “Outcome of email thread [100e-NR-LTE_NR_DC_CA_enh-SingleTx-02]”, Apple Inc., 3GPP RAN1#100-eMeeting, Feb 2020.
[2] R2-2002391 – “CR for 36.331 for CA&DC enh”, Rapporteur (Ericsson), RAN2 #109-eMeeting, Feb 2020.
[3] R1-2001513 – “Guidelines for UE capability definitions”, RAN2 RAN1 LS, RAN1#100bis-eMeeting, April 2020.
Annex

RRC parameters definitions in 36.331 (from Rel16 running CR, R2-2002391)
	tdm-PatternConfig-r15
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].

	tdm-PatternConfig-r16
UL/DL reference configuration indicating the time during which a UE configured with (NG)EN-DC is allowed to transmit certain LTE uplink signals as further specified in TS 36.213 [23]. This field is used for dual UL transmission in EN-DC with LTE FDD PCell and for single UL transmission in EN-DC with LTE FDD/TDD PCell, as specified in TS 38.101-3 [101] and TS 38.213 [88].
The network sets at most one of tdm-PatternConfig-r15 and tdm-PatternConfig-r16 to setup.
When this field is configured in EN-DC with LTE TDD PCell, it is not applicable if TDD configuration is sa0 or sa6 in SIB1.



Relevant Rel15 UE capabilities from TS 38.306 v15.8.0

	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 in (NG)EN-DC for UEs that do not support dynamicPowerSharingENDC and for UEs that indicate single UL transmission for any (NG)EN-DC BC. Support is conditionally mandatory in NE-DC for UEs that do not support dynamicPowerSharingNEDC and for UEs that indicate single UL transmission for any NE-DC BC. The feature is optional otherwise.
	BC
	CY
	Yes
	Yes

	dynamicPowerSharingENDC
Indicates whether the UE supports dynamic (NG)EN-DC power sharing between NR FR1 carriers and the LTE carriers. If the UE supports this capability the UE supports the dynamic power sharing behaviour as specified in clause 7 of TS 38.213 [11].
	BC
	Yes
	No
	FR1 only




Current text in 38.213 v16.1.0 (emphasis added) -- Green => applicable for UEs supporting dynamic power sharing; Orange => applicable for UEs not supporting dynamic power sharing; Blue => applicable for both UEs supporting dynamic power sharing and UEs not supporting dynamic power sharing.

[bookmark: _Toc12021454][bookmark: _Toc20311566][bookmark: _Toc26719391][bookmark: _Toc29894822][bookmark: _Toc29899121][bookmark: _Toc29899539][bookmark: _Toc29917276][bookmark: _Toc36498150]7.6.1	EN-DC
If a UE is configured with a MCG using E-UTRA radio access and with a SCG using NR radio access, the UE is configured a maximum power [image: ] for transmissions on the MCG by p-MaxEUTRA and a maximum power [image: ] for transmissions in FR1 on the SCG by p-NR-FR1. 
The UE determines a transmission power for the MCG as described in [13, TS 36.213] using [image: ] as the maximum transmission power. The UE determines transmission power for the SCG in FR1 as described Clauses 7.1 through 7.5 using [image: ] as the maximum transmission power. The UE determines transmission power for the SCG in FR2 as described Clauses 7.1 through 7.5.
A UE does not expect to be configured for operation with shortened TTI and/or processing time [13, TS 36.213] on a cell that is included in an EN-DC configuration.
If a UE is configured with [image: ], where [image: ] is the linear value of [image: ], [image: ] is the linear value of [image: ], and [image: ] is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for FR1, the UE determines a transmission power for the SCG as follows.
[bookmark: _Hlk37354680]-	If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 or by tdm-PatternConfig-r16 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 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 indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, and does not indicate a capability tdm-Pattern-dualTx in [16, TS 38.306], and is configured with tdm-PatternConfig-r16, the UE does not transmit on the SCG in FR1 when the UE has overlapped transmission on a subframe on the MCG.
-	If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC and
-	if UE transmission(s) in subframe [image: ] of the MCG overlap in time with UE transmission(s) in slot [image: ] of the SCG in FR1, and
-	if [image: ] in any portion of slot [image: ] of the SCG, 
	the UE reduces transmission power in any portion of slot [image: ] of the SCG so that [image: ] in any portion of slot [image: ], where [image: ] and [image: ] are the linear values of the total UE transmission powers in subframe [image: ] of the MCG and in slot [image: ] of the SCG in FR1, respectively. The UE is not required to transmit in any portion of slot [image: ] of the SCG if [image: ] would need to be reduced by more than the value provided by XSCALE in order for [image: ] in any portion of slot [image: ] of the SCG. The UE is required to transmit in slot [image: ] of the SCG if [image: ] would not need to be reduced by more than the value provided by XSCALE in order for [image: ] in all portions of slot [image: ].
-	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 or by tdm-PatternConfig-r16 in [13, TS 36.213]).
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