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1 Introduction
For NR EN-DC power sharing issue, RAN#78 meeting have agreements that” to introduce Rel-15 capability signalling to indicate whether the UE supports dynamic EN-DC power sharing”, which means” UE can operate with P_LTE+P_NR>P_powerclass configuration”[1]. RAN1 and RAN4 also have many discussions on this topic on previous meetings, and get some staged agreements.

On RAN4 #85 meeting, solutions and implementation complexity for dynamic power sharing have been discussed plentiful. In [2], it is proposed to consider the dynamic power sharing conditional that only under K1 and/or K2 >= 4ms. But it still has confusion that whether NSA UE can support dynamic power sharing under that case during the meeting.
As stated in [1], 2 types of NSA UEs may exist that UE type 1 with converged NR and LTE modem with high speed interface capability, it can operate with P_LTE + P_NR > P_powerclass configutation or with no P_LTE or P_NR configuration; or UE type2 with separate NR and LTE modem with limited interface capability. In fact, for UE type 2, it also can support dynamic power sharing with some limitation.
This paper gives discussion on the precondition for supporting NR EN-DC dynamic power sharing on UE type 2.
2 Discussion

2.1 Agreements for power sharing
RAN1 #90 agreements
   At least for LTE-NR NSA operation

•       Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately

•       i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 

•       e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax

•       Signaling details for P_LTE, P_NR are left to RAN2, RAN4.

•       Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.

•       Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation

•       All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability

•       At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 

•       For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)

•       If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation

•       For LTE, no change in power control procedure

•       FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE

•       The following is FFS

•       The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)

RAN#78 agreements

· Proposal 1

· Agree to introduce Rel-15 capability signaling to indicate whether the UE supports dynamic EN-DC power sharing

· Dynamic power sharing means that the UE can operate with P_LTE + P_NR > P_powerclass configuration 

· Agree that the intent is to make dynamic EN-DC power sharing mandatory at a future time

· Check any possible updates on status above in March

· Proposal 2

· For UEs without dynamic LTE-NR power sharing capability, the support of single UL operation (Operation A with Case 1 in Slide 5) is mandatory with capability signalling 

· Single UL operation is optional for dynamic power sharing capable UEs 
RAN1’s agreements show that the general principle for power sharing is to take LTE as precedence that to do power-scaling on NR side when P_LTE + P_NR > P_cmax. 
In [2], EN-DC power sharing is discussed into two cases for K1 or K2 flexibility in NR, which are as below :
· Case 1) K1 and/or K2 < 4ms (including K1, K2=0 for self contained in a slot)

· Case 2) K1 and/or K2 >= 4ms
It is proposed to consider the Case 2 to specify Pcmax definitions for NSA DC UE at sub-6GHz because of implementation difficulties. For case 2, NR will get the UL grant in advance of LTE, it is supposed to take NR as precedence to make power scale on LTE side if UE need to realize dynamic power sharing. But under this case, even the LTE modem knows the grant and HARQ timing of NR before it begins to calculate the transmit power in LTE module, LTE modem will not use them for transmission power calculation because LTE modem will not scale down its transmit power even P_LTE + P_NR > P_powerclass. If take LTE as precedence for case 2, the NR need to wait for LTE complete power control calculating to get the power scaling information. It is considered the same as case 1. So the value K1 and/or K2 cannot decide whether the UE can support dynamic power sharing.
Observation : According to RAN1’s agreement, it is not necessary for NR to provide its grant and HARQ timing information to LTE for power sharing purpose.
2.2 Discussion
We can take LTE as precedence that align with RAN1’s agreement, which means the EN-DC UE will drop/scale NR power to take high priority for LTE side. If NR modem knows the LTE modem power control calculating results, then NR modem can scale down the output power to operate with P_LTE + P_NR > P_powerclass. So, to make dynamic power sharing possible, LTE modem should begin to calculate the UL transmission power as early to the actual LTE transmission. NR modem should begin to calculate the UL transmission power as late as possible. Then there will be enough time for LTE modem to provide the calculating results to NR modem. Assume LTE modem complete power control calculating on 
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, UE can realize dynamic power sharing  if 
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 highly depend on UE implementation and other requirements, we can see it is not appropriate to differentiate this issue simply by K1 and/or K2 value when LTE report its ca.
Proposal : Even UE report the capability to support dynamic power sharing, whether it can operate in dual UL mode when P_LTE + P_NR > P_powerclass cannot be decided by K1 and/or K2 value, the specific requirements for EN-DC UE to support dynamic power sharing should be decided by RAN1 .
3 Conclusion

In this contribution we discussed on the possible SCS combinations for CA, according to the analysis, we have the following observations and proposals:
Observation : According to RAN1’s agreement, it is not necessary for NR to provide its grant and HARQ timing information to LTE for power sharing purpose.
Proposal : Even UE report the capability to support dynamic power sharing, whether it can operate in dual UL mode when P_LTE + P_NR > P_powerclass cannot be decided by K1 and/or K2 value, the specific requirements for EN-DC UE to support dynamic power sharing should be decided by RAN1 .
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