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1	Introduction
RAN1, RAN4 and RAN have been discussing inter-band and intra-band EN-DC UL power control definitions and requirements. In [1] RAN#81 endorsed the WF for inter-band EN-DC UL power control. Also the corresponding LS from RAN to RAN4 and cc:ed to RAN2 was sent in [2]. In this contribution we discuss the implications of the recent RAN#81 decisions on RAN1. 
In this contribution we also discuss how to introduce NE-DC UL power control in the RAN1 specifications.
2	EN-DC UL PC
RAN#81 has provided the following guidance for RAN4 to develop Inter-band EN-DC Configured Output Power Requirements in Section 6.2B.4.1.3 of 38.101-3. These requirements define low and high limits for PCMAX_ EN-DC.
	 
· Use the RAN4 endorsed CR in R4-1811484 on Inter-band EN-DC configured Output power as a starting point and continue improving requirement in TS38.101-3 in the RAN4 meetings
· to prevent unnecessary NR dropping for dynamic power sharing EN-DC UEs when there is ’real’ power left from LTE UL
· The following conditions should be used when improving the RAN4 Inter-band EN-DC Configured Output Power requirements:
· UE is allowed to drop NR only if the power scaling applied to NR means that the difference between scaled and unscaled NR UL power is more than XdB. In other cases the UE does power scaling of NR UL.
· X dB is RRC configured parameter with 4 fixed values and X is [0, 2, 4 or 6] dB. The UE has to be able to support all these 4 configurable X values.
· This threshold X dB does not limit the UE performance but only defines the UE minimum performance (i.e. UE can perform better than the minimum performance)
· Handling of partial overlap needs to be addressed (including possibility to leave this up to the UE implementation)
· Handling of multiple NR UL carriers needs to be addressed (including possibility to leave this up to the UE implementation)



This WF means that the RAN4 requirements will defines limits when the UE may drop NR UL power and the UE needs to be able to scale its NR UL power so that LTE UL power is first given priority during EN-DC operations as specified by TS38.213. This WF also instructs RAN4 to address handling of partial overlap and multiple NR UL carriers in its requirements. The EN-DC UL PC procedures in the RAN1 specifications enable both scaling and dropping of NR UL. Thus, after agreeing the WF in [1] and once the RAN4 has introduced the Inter-band EN-DC Configured Output Power Requirements to TS38.101-3, we do not see need for any further updates to the RAN1 specifications for supporting inter-band EN-DC UL. RAN4 is also working on intra-band EN-DC UL related UE requirements as indicated in the RAN4 endorsed WF in [3]. Furthermore, in the LS [2] RAN also urges RAN4 to continue defining UE intra-band EN-DC UL PC requirements. EN-DC power control definition proposal to 38.101-3 is proposed in [4], and when RAN4 completes the work, nothing further is needed for EN-DC uplink power control in RAN1.
Observation 1: No RAN1 specification changes are needed for inter-band EN-DC UL PC.
Observation 2: No RAN1 specification changes are needed for intra-band EN-DC UL PC unless RAN4 will request further support from RAN1.
Conclusion: No further action is needed in RAN1 for EN-DC uplink power control
3	NE-DC UL PC
The RAN March 2018 specifications provide support for EN-DC with architecture option 3. RAN#79 endorsed a plan for finalizing all NR architecture options [5] with the following guidance to RAN1:
 (
NR Option 4 “to do list” – RAN1
Need to evaluate whether new design on power control, multiplexing, etc. is needed for both LTE & NR specs
Strive for minimum RAN1 specification impact
Some (limited) RAN1 meeting time is expected
)

	
Option 3: NSA EN-DC with LTE as the anchor
	
Option 4: NSA NE-DC with NR as the anchor



Since that, RAN1 has been submitted with numerous contributions related to the matter to RAN1#92bis, RAN#93 and RAN1#94 [6…10], but with no proper conclusion in RAN1. The common thread in all the proposals appears to be the same – the EN-DC behaviour should be reused, but with the priority on NR rather than LTE transmissions.
Proposal 1: If the UE is configured with reference TDD configuration for EUTRA: Extend the behaviour defined in 38.213 subclause 7.6.1 to apply as is also for the case where MCG uses NR and SCG uses LTE.
Proposal 2: If the UE indicates a capability for dynamic power sharing between EUTRA and NR and the MCG uses NR and SCG uses LTE: 
1. The NR power control behavior follows the same definition as when there was no SCG using LTE configured.
1. The LTE power control calculates a new PCMAX,c(i), taking the power used by the NR transmission into account.


RAN4 TS38.101-3 currently has subclauses for EN-DC, but the corresponding NE-DC subclauses are missing. As the NR power control is otherwise agnostic to the fact that LTE is there, the regular NR power control rules apply, apart from the PCMAX,c(i), hence RAN4 should be triggered to extend the power scaling definitions to cover the NE-DC case.
Proposal 3: Adopt the text proposals in the Annex A and B to TS38.214 and TS36.213 respectively
Proposal 4: Send an LS to RAN4 requesting for the new PCMAX,c(i) calculation for the case where MCG uses NR and SCG uses LTE.
4	Conclusions 
Following the recent RAN#81 and RAN4#88 agreements we do not see that any further updates are needed in the RAN1 specifications for supporting EN-DC UL Power control. 
Observation 1: No RAN1 specification changes are needed for inter-band EN-DC UL PC.
Observation 2: No RAN1 specification changes are needed for intra-band EN-DC UL PC unless RAN4 will request further support from RAN1.
Conclusion: No further action is needed in RAN1 for EN-DC uplink power control
Proposal 1: If the UE is configured with reference TDD configuration for EUTRA: Extend the behaviour defined in 38.213 subclause 7.6.1 to apply as is also for the case where MCG uses NR and SCG uses LTE.
Proposal 2: If the UE indicates a capability for dynamic power sharing between EUTRA and NR and the MCG uses NR and SCG uses LTE: 
1. The NR power control behavior follows the same definition as when there was no SCG using LTE configured.
1. The LTE power control calculates a new PCMAX,c(i), taking the power used by the NR transmission into account.

Proposal 3: Adopt the text proposals in the Annex A and B to TS38.214 and TS36.213 respectively
Proposal 4: Send an LS to RAN4 requesting for the new PCMAX,c(i) calculation for the case where MCG uses NR and SCG uses LTE.
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7.6	Dual connectivity
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 or NE-DC configuration.
[bookmark: _Toc525657927]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  for transmissions on the MCG by higher layer parameter p-MaxEUTRA and a maximum power  for transmissions in frequency range 1 on the SCG by higher layer parameter p-NR. 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 frequency range 1 as described Subclauses 7.1 through 7.5 using  as the maximum transmission power for . The UE determines transmission power for the SCG in frequency range 2 as described Subclauses 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 , 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 frequency range 1, the UE determines a transmission power on the SCG as follows.
-	If the UE is configured with reference TDD configuration for E-UTRA (by higher layer parameter 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, the UE does not expect to transmit in a slot on the SCG in frequency range 1 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 and


-	if the UE transmission(s) in subframe  of the MCG overlap in time with UE transmission(s) in slot  of the SCG in frequency range 1, and


-	if  in any portion of slot  of the SCG, 







	the UE reduces transmission power in any portion of slot  of the SCG so that  in any portion of slot , where  and  are the linear values of the total UE transmission powers in subframe  of the MCG and in slot  of the SCG in frequency range 1, respectively.
-	If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR, the UE expects to be configured with reference TDD configuration for E-UTRA (by higher layer parameter tdm-PatternConfig-r15 in [13, TS 36.213]). 
[bookmark: _Toc525657928]7.6.2	NN-DC
If a UE is configured with a MCG using NR radio access in frequency range 1 or in frequency range 2 and with a SCG using NR radio access in frequency range 2 or in frequency range 1, respectively, the UE performs transmission power control independently per cell group as described in Subclauses 7.1 through 7.5.
7.6.3	NE-DC



If a UE is configured with a MCG using NR radio access and with a SCG using E-UTRA radio access, the UE is configured a maximum power  for transmissions in frequency range 1 on the MCG by higher layer parameter p-NR, and a maximum power  for transmissions on the SCG by higher layer parameter p-MaxEUTRA. The UE determines transmission power for the MCG as described Subclauses 7.1 through 7.5 using . The UE determines transmission power for the MCG in frequency range 2 as described Subclauses 7.1 through 7.5. The UE determines a transmission power for the SCG as described in [13, TS 36.213]. 

Annex B: TP to 36.213
[bookmark: _Toc415085434]5.1.6	Power allocation for NR – E-UTRA dual connectivity



If a UE is configured with a MCG using NR radio access and with a SCG using E-UTRA radio access, the UE is configured a maximum power  for transmissions in frequency range 1 on the MCG by higher layer parameter p-NR, and a maximum power  for transmissions on the SCG by higher layer parameter p-MaxEUTRA. The UE determines a transmission power for the SCG as described in Subclause 5 using  as the maximum transmission power for PCMAX ≤ PLTE. The UE determines transmission power for the MCG as described in [TS 38.214].






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 NE-DC operation as defined in [TS 38.101-3] for frequency range 1, the UE determines a transmission power on the SCG as follows.


-	if the UE transmission(s) in subframe  of the MCG overlap in time with UE transmission(s) in slot  of the SCG, and


-	if  in any portion of slot  of the SCG, 







	the UE reduces transmission power in any portion of slot  of the SCG so that  in any portion of slot , where  and  are the linear values of the total UE transmission powers in subframe  of the MCG and in slot  of the SCG, respectively.
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