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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During RAN#100bis-e meeting, plenty of issues on potential enhancements to EN-DC SUO have been discussed and summarized in [1]. Regarding how to capture the agreement of type 1 UE behavior for the single-Tx case for FDD LTE PCell, consensus has not been achieved. This contribution provides our views on the issue.
[bookmark: _Ref129681832]Discussion 
The following agreements were achieved in RAN1 #98bis, but they have not been accurately captured in the specification. 
	Agreements:
· 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
· [bookmark: _GoBack]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 statement in current version of TS 38.213, the UE procedure corresponding to the above agreements is on the condition that the UE is configured with which is obviously not aligned with the agreements. The reason is that for single-Tx case, UE cannot transmit LTE and NR signal simultaneously regardless of  and  setting. To resolve this issue, two TPs have been provided and recorded in [1]. 
The key difference between TP option 1 and option 2 is whether UE feature singleUL-Transmission (Rel-15) or tdm-Pattern-dualTx (Rel-16) is the right condition to tell single UL operation (SUO) for a UE configured with tdm-PatternConfig-r16. In our understanding, the latter is the correct condition for the following reasons: 
· UE feature tdm-Pattern-dualTx is dedicatedly introduced for tdm-PatternConfig-r16 in Rel-16, but singleUL-Transmission (Rel-15) was introduced for inter-modulation distortion (IMD) issue by a LS as in [2]. 
· In Rel-15, tdm-PatternConfig can be configured for a UE that does not indicate singleUL-Transmission (Rel-15), which has been captured in the UE capability tdm-Pattern of TS 38.306. If a UE does not indicate singleUL-Transmission (Rel-15), it does not have IMD issue and should be capable of dual Tx for EN-DC, regardless it is configured with tdm-PatternConfig or not.
· In Rel-16, if a UE does not indicate tdm-Pattern-dualTx (Rel-16) and is configured with tdm-PatternConfig-r16, then this UE will work in single Tx mode. 
· Actually, there has been discussed about whether to reuse Rel-15 mechanism to support single-Tx/dual-Tx cases for UEs configured with TDM pattern (tdm-PatternConfig) in Rel-16, while it was agreed to introduce a new UE capability to differentiate two kinds of UEs in RAN1 #98bis, i.e. one kind of UEs are only capable of SUO operation if TDM pattern is configured while the other kind of UEs are further capable of dual-Tx operation. Then it was further discussed and agreed that a new RRC configuration from Rel-15 RRC was introduced as a result of new UE behaviors for two kinds of UEs as the last two agreements above.
In Figure 1, the relationship among different types of EN-DC UEs for Rel-15 and Rel-16 is clearly illustrated. The UE behavior for “single-Tx” case in above agreements should belong to a UE which does not indicate dual-Tx capability and is configured with TDM pattern in Rel-16. It is not for the UE that indicates singleUL-Transmission (Rel-15). TP option 1 needs to clarify the UE behavior for a UE reporting support of tdm-pattern but not support of tdm-Pattern-dualTx, otherwise it introduces unnecessary limitation and it is not in line with the first quoted agreement. 
[image: cid:image003.png@01D5F2B2.19B68470]
Figure 1. Illustration of relationship between Rel-15 and Rel-16 of EN-DC UEs.
Further, according to the definition of UE capability tdm-pattern as below, it is noted that two kinds of UEs are mandated to report tdm-pattern, which are UEs incapable of dynamic power sharing (DPS) and UEs claiming IMD issues.
	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.


The remaining UEs, which are capable of DPS or not reporting IMD issues can report tdm-pattern optionally. The table below lists all the type 1 UE behaviors (if configured with tdm-PatternConfig) corresponding to the UE capability tdm-pattern, singleUL-Transmission and tdm-Pattern:
	UE reported capability
	UE behavior

	tdm-pattern
	singleUL-Transmissio
	tdm-Pattern-dual-Tx
	

	1
	1
	0
	SUO with Case 1 HARQ timing

	1
	0
	0
	SUO with Case 1 HARQ timing

	0
	0
	1
	Dual Tx


Obviously, the highlighted UE behavior is a valid scenario. Note that both TP option 1 and option 2 move the description of UE behavior outside the transmission power condition  and option 2 has no further change beyond that, while option 1 changes the corresponding UE features. According to the email discussion, it is common understanding among companies that transmission power limitation should be removed for capturing the aforementioned agreements. In conclusion, we prefer to adopt TP option 2.   
Proposal: To remove unnecessary condition on the transmission power, prefer to adopt TP option 2 as in Appendix for capturing agreements for UE behaviors associated with both single-Tx and dual-Tx capabilities.

Conclusions
In this contribution, one remaining issue for single UL operation EN-DC was discussed. The following proposal is given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal: To remove unnecessary condition on the transmission power, prefer to adopt TP option 2 as in Appendix for capturing agreements for UE behaviors associated with both single-Tx and dual-Tx capabilities.
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Appendix
A.1. TP option 2
	   TP option 2    
---------------------------- 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 [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 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
-    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 ------------------------------------------------------------------------------
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