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1. Introduction
In this contribution, we discuss remaining issues related to power on LTE/NR DC (considering both case of LTE PCell and NR PCell). .
2. Discussion on power sharing in EN-DC
The UE behavior with dynamic power sharing capability and without dynamic power sharing capability is discussed via email for draft TS38.213, if case 1 is configured. In power control session of RAN1#91, the following is agreed:
	For UE supporting single UL operation and with Case 1 HARQ timing if UE does not support power scaling for LTE-NR DC with P_LTE+P_NR>Pcmax, UE shall support the following two operations:
Operation A with Case1: P_LTE + P_NR > Pcmax, in which case the UE assumes that no NR UL transmission takes place in an UL subframe/slot that is designated as LTE UL in the Case 1 reference TDD configuration
Operation B with Case1: P_LTE + P_NR <= Pcmax, in which case NR UL can be scheduled in any UL subframe/slot (while the UE behaviour in case of being simultaneously scheduled on LTE and NR uplinks is not specified) 
The operation A vs operation B configuration is implicitly determined based on P_LTE and P_NR
Note that the above agreement does not affect the current status on the optional/mandatory support of power scaling for LTE-NR DC with P_LTE + P_NR > Pcmax
Note that the above agreement can become obsolete if power scaling for LTE-NR DC is mandated to all UEs


This describes the UE assumptions and behaviour when configuring case 1 for no dynamic power sharing capable UE. Case 1 has been agreed for single TX operation regardless of dynamic power sharing capability as agreed in below:
	· For the case of a UE configured with multiple uplink carriers (regardless of SUL or not) but where the UE is assumed to only operate on one uplink carrier at a time: 
· No RRC configuration signalling is provided to the UE for this purpose (except for the LTE RRC signalling to configure Case 1 HARQ timing)
· UEs can be scheduled for uplink NR transmission in an arbitrary slot
· The UE behaviour in case of being simultaneously scheduled on LTE and NR uplinks is not specified


In current spec, no clear description on this case (i.e., Case 1 in case of single TX operation for a UE supporting dynamic power sharing capability) is captured. The UE assumption for the case 1 is that NR transmission is scheduled at an arbitrary slot, but not scheduled simultaneously. 
Proposal 1: UE assumption with dynamic power sharing needs to be specified in TS38.213, if case 1 configured, “If the UE is capable of dynamic power sharing, the UE is not expected to be scheduled with UL transmissions in MCG overlapping with UL transmissions in SCG.” (TP in Section 5)
3. Discussion on sTTI in EN-DC
When a UE needs to adapt its power in NR transmission when it reaches power limited case, the information on LTE transmission should be known at the time of NR power determination for concurrent transmissions. However, when short TTI or reduced processing time operation in LTE is configured, the processing time budget becomes much smaller. If short TTI uplink transmission is scheduled after power determination on NR transmission has completed, it becomes challenging to adjust the power. Maybe, UE capability on the power sharing or new power sharing method with LTE sTTI is needed.
If the discussion on dynamic power sharing between LTE sTTI and NR would not be finished on time in Rel.15, we can assume only semi static power sharing. If only semi static power sharing is assumed, case 1 is mandatory for UEs with sTTI configuration. If case 1 is configured, FDD-TDD CA HARQ timing is reused for LTE scheduling/HARQ timing. In Rel.15, sTTI scheduling/HARQ timing in TDD has been specified for only 7OS sTTI, but CA HARQ timing has not been specified yet. 
In a current situation, we need to decide whether LTE sTTI is supportable or not for EN-DC UEs, and if supported, which scheduling/HARQ timing is reused or designed. Given short time in Rel-15, it is our proposal to assume that LTE sTTI cannot be configured with dynamic power sharing in LTE-NR DC scenario with LTE PCell. 
Proposal 2: If sTTI is configured, even though a UE supports dynamic power sharing capability, it is assumed that semi-static power sharing based Case-1 is used. With Case 1, sTTI uplink transmissions are allowed only in UL subframes by reference DL/UL configuration.

4. Power sharing for NR-LTE DC
For LTE-NR DC, dynamic power sharing and semi-static power sharing are supported. In dynamic power sharing, when a UE reaches its maximum power, power scaling occurs at NR side instead of LTE side. It has two benefits. First, as LTE is PCell, it minimize the impact on the coverage of PCell. Secondly, the approach is more feasible from UE processing perspective where LTE processing time (e.g., 4msec) is generally larger than NR processing time. Thus, from NR perspective, power scaling in consideration of LTE scheduling is feasible. For the case of NR-LTE DC where NR is PCell, it is still important to keep PCell coverage intact. Thus, it can be considered to reduce UE power on LTE side instead of NR side. Yet, this can lead very tight processing time at LTE side as NR processing time is shorter. Figure 1. illustrates the issue. 
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Figure 1. Illustration of SCG power scaling in NR-LTE DC
Not to impact on UE processing time on LTE side, we can consider the following options in case of dynamic power sharing between NR and LTE.
(1) Same as LTE-NR DC, power scaling occurs at NR side only without affecting LTE side. The main drawback of this approach is that the coverage of PCell may not be guaranteed.
(2) Power scaling occurs at LTE side assuming NR would not schedule any PUSCH/PUCCH with shorter processing than LTE. In other words, the network ensures scheduling NR side PUSCH/PUCCH in advance (e.g., more than or equal to 4msec before) such that a UE can scale power at LTE side without tighter processing time. 
(3) Power scaling occurs at ‘later’ scheduled uplink transmission regardless of NR or LTE. In other words, ‘earlier’ scheduled transmission has higher priority. For example, in Figure 1, as LTE schedules the colliding UL before, LTE transmission is protected. This is to ensure a UE is not required to support tighter processing time budget for dynamic power sharing. 
Proposal 3. Considering processing time constraints and coverage, further discussion on NR-LTE DC power control for dynamic power sharing is necessary. It is assumed that a UE is not required to support tighter processing time budget to support dynamic power sharing.  
5. Text Proposal
Based on the proposal 1, the following text proposal for TS38.213 is made:
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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-LTE and a maximum power  for transmissions 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 as described Subclauses 7.1 through 7.5 using  as the maximum transmission power for .






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, TS 38.101] 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 EUTRA (by higher layer parameter SUO-case1 in [13, TS 36.213])
· If the UE does not indicate a capability for dynamic power sharing between EUTRA and NR, the UE is not expected to transmit in a slot on the SCG when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration.
· If the UE is capable of dynamic power sharing, the UE is not expected to be scheduled with UL transmissions in MCG overlapping with UL transmissions in SCG.
· If the UE indicates a capability for dynamic power sharing between EUTRA and NR


6.  Conclusion
Proposal 1: UE assumption with dynamic power sharing needs to be specified in TS38.213, if case 1 configured, “If the UE is capable of dynamic power sharing, the UE is not expected to be scheduled with UL transmissions in MCG overlapping with UL transmissions in SCG.” (TP in Section 4)
Proposal 2: If sTTI is configured, even though a UE supports dynamic power sharing capability, it is assumed that semi-static power sharing based Case-1 is used. With Case 1, sTTI uplink transmissions are allowed only in UL subframes by reference DL/UL configuration.
Proposal 3. Considering processing time constraints and coverage, further discussion on NR-LTE DC power control for dynamic power sharing is necessary. It is assumed that a UE is not required to support tighter processing time budget to support dynamic power sharing.  
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