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Introduction
[bookmark: _Hlk521661433]In this contribution we follow up on the remaining issues related to NR-LTE coexistence and provide a high-level framework for power sharing between NR and LTE for architecture Option 4/4A. Section 2.2 is a slightly revised version of the discussion from [6].
Discussion 
[bookmark: _Hlk521661462]2.1 RAN4 agreement on intra-band EN-DC A-MPR

RAN1 received a LS from RAN4 [1] requesting RAN1 to consider whether the RAN4 definition of MPR and A-MPR for intra-band EN-DC was consistent with ‘RAN1 power control design ‘. Aspects raised in the RAN4 LS were considered in [93-NR-01] email discussion and RAN1 sent a reply LS to RAN4 in [2]. 
For EN-DC case, RAN4 is currently discussing the definitions PCMAX,c for LTE and NR serving cells and definition of PEN-DC,tot. Detailed proposals for the definition of these parameters are provided in our RAN4 contributions [3], [4], [5] submitted to RAN4#88. While the discussion on these proposals will occur in RAN4, we note that the proposed definitions take into account the following
1. the PRB allocation on the LTE CG (MCG) is known to the NR CG (SCG), but the PRB allocation on the SCG is not necessarily known to the MCG
2. the A-MPR for the total UE power [image: ]is determined by the PRB allocations on both CGs and the UL power is limited by the Ppowerclass,EN-DC and cell-specific P-Max,EN-DC (if specified)
3. the A-MPR on the MCG(LTE) is determined by the PRB allocation on the MCG only and the UL power is limited by the Ppowerclass,MCG, the cell-specific P-Max and the dedicated P_LTE (if present)
4. the A-MPR on the SCG (NR) is the same as that for the total power [image: ] and is limited by the Ppowerclass,MCG and the cell-specific P-Max and the dedicated P_LTE if present
The proposed PCMAX,c , PEN-DC,tot  definitions use the existing A-MPR formulas in 38.101-3 for intra-band EN-DC cases (i.e., based on both LTE and NR resource allocations). However, those A-MPR formulas are used only for determining PCMAX,c  for the NR CG and PEN-DC,tot . As per RAN1 specifications PEN-DC,tot  is used only to determine whether to scale down NR power or not. Therefore, with these proposed definitions, both RAN1 and RAN4 specifications will take into account the assumption that NR transmission details are not used for calculation of transmission power of LTE. 
Also, with this approach NR scheduling can be done by utilizing the full flexibility provided in the specifications. Finally it should be noted that, if required, the gNB has the flexibility to prioritize/reserve NR transmission power either by appropriate setting of P_LTE and P_NR (e.g. P_LTE<P_NR<=P_Power class) or by conservatively scheduling LTE transmission power.  This was also captured as a note in the RAN1#90 EN-DC power sharing agreement. “Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation”  
Given the above, our preference is to agree to the proposed definitions for PCMAX,c , PEN-DC,tot  in RAN4 [3], and no changes are needed to RAN1 specifications.
Observation 1
· Regarding power sharing between LTE and NR for intra-band EN-DC 
· PCMAX,c , PEN-DC,tot can be defined in RAN4 such that they use the existing A-MPR formulas in 38.101-3, and take into account the assumption that NR transmission details are not used for calculation of transmission power of LTE. 
· No changes are needed to RAN1 specifications.
2.2 Power sharing for NR architecture option 4/4A

Below we provide our view for Option 4/4A power sharing framework taking into account RAN guidance to minimize specification impact.
· P_LTE and P_NR signaling
· P_LTE and P_NR are maximum allowed power values configured on LTE and NR side respectively. 
· These are already specified for EN-DC and can be reused without changes for Option 4/4A
· Dynamic power sharing
· For EN-DC, a UE supporting ‘dynamic power sharing’ capability can scale down/drop NR (SCG) transmissions when power limited. Details of scaling down/dropping are left to UE implementation. 
· Similar capability should be supported for option 4/4A. In this case, the UE should be able to scale down/drop LTE (SCG) transmissions when power limited, and the details of scaling/dropping can be left to UE implementation. 
· Semi-static partitioning of LTE and NR UL transmissions
· For EN-DC, Case1-OperationA [4] behavior is supported, where network can restrict LTE UL transmissions to a subset of subframes via RRC signaling on LTE side (i.e., by configuring Case1 reference TDD UL/DL configuration for LTE including the LTE FDD Pcell). When such a reference configuration is indicated, and when the UE does not support dynamic power sharing, the UE is not expected to make NR transmissions in slots corresponding to UL subframes indicated by the RRC signaling on LTE side (i.e., the UL subframes of Case1 reference TDD UL/DL configuration). 
· Similar framework can be supported for Option4/4A, for UEs not supporting dynamic power sharing, by replicating the changes agreed for LTE Pcell UE behavior to LTE PScell UE behavior.

In summary, we propose the following high-level framework for Option 4/4A power sharing between NR and LTE
Proposal 
· P_LTE and P_NR signaling defined for EN-DC should be reused for Option 4/4A
· Dynamic power sharing capability should be supported for Option 4/4A
· UE should scale down/drop LTE (SCG) transmissions when power limited, and the details of scaling/dropping can be left to UE implementation.
· For support of semi-static partitioning of LTE and NR UL transmissions similar to Case1-OperationA agreed for EN-DC (for UEs not supporting dynamic power sharing), the changes agreed so far for LTE Pcell UE behavior can be replicated for LTE PScell
Conclusions
We propose the following:
Observation 1
· Regarding power sharing between LTE and NR for intra-band EN-DC 
· PCMAX,c , PEN-DC,tot can be defined in RAN4 such that they use the existing A-MPR formulas in 38.101-3, and take into account the assumption that NR transmission details are not used for calculation of transmission power of LTE. 
· No changes are needed to RAN1 specifications.
Proposal 1
· P_LTE and P_NR signaling defined for EN-DC should be reused for Option 4/4A
· Dynamic power sharing capability should be supported for Option 4/4A
· UE should scale down/drop LTE (SCG) transmissions when power limited, and the details of scaling/dropping can be left to UE implementation.
· For support of semi-static partitioning of LTE and NR UL transmissions similar to Case1-OperationA agreed for EN-DC (for UEs not supporting dynamic power sharing), the changes agreed so far for LTE Pcell UE behavior can be replicated for LTE PScell
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Annex A – Relevant RAN1 Agreements 

In RAN1 NR AH#2, the following was agreed
Agreements:
· Regarding power sharing for LTE-NR dual connectivity, support at least semi-static power sharing between LTE and NR
· FFS details
· Discuss further whether or not to support dynamic power sharing between LTE and NR
· Discuss further impacts due to other factors, e.g., different TTI lengths, channel/service types, synchronous vs. asynchronous, different processing latency for LTE vs. NR, assumption regarding communication between NR vs. LTE at UE, specification impact to LTE (if any) and/or NR, etc. 

In RAN1#90, the following was agreed
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)

In RAN1#91, the following was agreed
Agreement:
For LTE/NR NSA operation,
· If this UE supports dual UL operation and also supports single UL operation with Case 1 HARQ timing, RRC signaling can configure a UE to operate in one of the following modes:
Dual UL operation
Single UL operation with Case 1 HARQ timing
Single UL operation with Case 2 HARQ timing
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

In RAN#78 the following was endorsed

· 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

In RAN1 NR AH1801 the following was agreed
Agreement:
· P_LTE and P_NR are configured separately via UE specific RRC (i.e., as dBm numbers with similar value range as p-Max in LTE)
· P_LTE and P_NR are UE-specific
· P_cmax for LTE and P_cmax for NR are derived based on P_LTE and/or P_NR (details to be decided by RAN4)
· RAN4 to define maximum total LTE and NR power in FR1 (X_total) that the UE should never exceed.
· When dynamic power sharing is used, 
· If total power for LTE and NR in FR1 exceeds X_total, UE reduces NR transmission power or drops NR transmission so that total power does not exceed X_total
· Note: As per previous agreement LTE power control procedure is not changed
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