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Introduction
In RAN1#94bis,  NE-DC operation and power control were discussed with the following agreements,
Agreement:
Rel-15 NE-DC supports the following cases that have been defined for EN-DC:
· SUO case 1 and case 2 operation
· Semi-static power allocation
· Dynamic power sharing
· Type 1 and Type 2 defined for EN-DC are also defined for NE-DC

Agreement:
For SUO Case 1, functionality for EN_DC can be reused
Agreement:
For NE-DC, the parameters P_LTE and P_NR specified for EN_DC power sharing can be reused.
For dynamic power sharing for NE-DC, multiple options were discussed with agreements on several options to be finalized in RAN1#95.  
 In this contribution, we discuss the remaining issues of LTE-NR co-existence, which includes power sharing mechanism for NE-DC (NR and LTE dual connectivity for architecture option 4)  and the intra-band EN-DC power control.     

Dynamic Power Sharing in NE-DC

The dynamic power sharing in NE-DC is to configure the maximum power of LTE (PLTE) and NR (PNR) at or close to the UE power class for efficient utilizing the Tx power for LTE and NR.   If the total Tx power of  LTE and NR during the measurement period exceeds the maximum power for the NE-DC, the power scaling would be performed.   For NE-DC with NR as the PCell, NR is the Primary cell group (PCG) and LTE is the secondary cell group (SCG).  The UE processing time is comparable shorter in NR comparing to that of LTE.  When UE is scheduled to have LTE UL transmission at subframe n and calculate the PCMAX,c_E-UTRA  for NE-DC, UE  might not have the information of  NR scheduled transmission  overlapped at the subframe n.   If the NR scheduled UL transmission overlapped some symbols of subframe n and the total Tx power of LTE and NR exceeds the maximum configured power for NE-DC at the overlapped symbols, the power scaling is needed for dynamic power sharing in NE-DC.

In RAN1#94bis, it was agreed to reuse 38.213 dynamic power sharing design for EN-DC but set MCG to NR and SCG to LTE.  Several options of dynamic power sharing were discussed offline [2] and agreed as follows,
Agreement:
For NE-DC dynamic power sharing, different maximum transmit power for LTE in subframes where there is a possible overlap and there is not an overlap with NR UL symbol(s) is supported.
· Note: Whether there is a possible overlap or not between LTE and NR UL is assumed to be known on a semi-static basis.
· Note: LTE power is not assumed to vary in a subframe
· FFS: Option 1a, 1b below or some combination of these
· Options 1.5, 2 and 3 below as well as other enhancements to option 1a and 1b can be further discussed

Option 1a:
· For NE-DC dynamic power sharing, the following are specified:
· UE is configured with p_LTE for LTE, r(<=1), and with p_NR for NR
· For an LTE subframe that overlaps with any possible NR UL symbol(s), set LTE power limit Pcmax<=p_LTE*r; otherwise, set power LTE limit Pcmax<=p_LTE.
· A possible NR UL symbol is identified as an NR symbol configured as flexible or UL based on cell-specific or UE-specific (if configured) tdd_UL_DL_Configuration_Common/dedicated.
· The remaining power up to p_NR is allocated to NR by setting NR power limit as Pcmax<= min(p_NR, p_total-p_lte_actual) where p_lte_actual is the power allocated to LTE.
· Implications:
· MCG power is scaled
· Pcmax for LTE power control needs to be modified

Option 1b:
· For NE-DC dynamic power sharing, the following are specified:
· UE is configured with p_LTE for LTE, and with p_NR for NR
· For an LTE subframe that overlaps with any possible NR UL symbol(s), set LTE power limit Pcmax<=p_LTE; otherwise, set power LTE limit to Pcmax (p_LTE not considered).
· A possible NR UL symbol is identified as an NR symbol configured as flexible or UL based on cell-specific or UE-specific (if configured) tdd_UL_DL_Configuration_Common/dedicated.
· The remaining power up to p_NR is allocated to NR by setting NR power limit as Pcmax<= min(p_NR, p_total-p_lte_actual) where p_lte_actual is the power allocated to LTE.
· Implications:
· MCG power is scaled
· P_cmax for LTE power control needs to be modified and possibly other restrictions
· No capability to keep power same across all subframes if p_LTE is less than Pcmax.

Option 1.5:
· For NE-DC dynamic power sharing, the following are specified:
· UE is configured with p_LTE for LTE, and with p_NR for NR
· Set LTE power limit Pcmax=p_LTE; 
· The remaining power up to p_NR is allocated to NR by setting NR power limit as Pcmax= min(p_NR, p_total-p_lte_actual) where p_lte_actual is the power allocated to LTE.
· Implications:
· MCG power is scaled
· P_cmax for LTE power control needs to be modified
· LTE power is always limited regardless of overlapped subframes or not

Option 2:
Fast LTE power adjustment as fast as NR for NE-DC with an associated UE capability with the following implications is supported
· PHR for LTE is not adjusted based on this fast power adjustment
· HARQ processing timeline is not changed, and therefore grant can be sent based on a different power assumption than is true for the actual transmission
· LTE will have the same power during a subframe or the subframe will be dropped
· LTE will have potentially significant number of subframes dropped for asynchronous NE-DC
· There is significant impact to the LTE power control procedure

Option 3:
· The threshold on the time difference from the end of the last symbol of NR PDCCH carrying NR UL scheduling to the start of the first overlapping LTE UL above which UE can scale LTE power is reported by the UE from the following candidate values:
· N2 NR symbols
· (2*14*[1]3) NR symbols (corresponding to ~[1] ms time difference)
· (2*14*33)  NR symbols (corresponding to ~3 ms time difference)
Where =0/1/2 for 15/30/60 kHz SCS, respectively
· Note: 3ms is the scheduling delay for LTE sTTI
· Implications:
· PHR for LTE is not adjusted based on this fast power adjustment
· HARQ processing timeline is not changed, and therefore grant can be sent based on a different power assumption than is true for the actual transmission
· There is significant impact to the LTE power control procedure

For options 1a, 1b, and 1.5, the power scaling is mainly on the MCG, which is NR carrier.  Operator had requested to protect the MCG for NE-DC [11].   The protection of MCG integrity would provide the control signalling at the MCG and ensure the UE network connectivity.   Option 2 is to assume the LTE processing time as fast as that of NR, which is very challenge without re-architecture of LTE design at the UE.   Option 3 is to protect the MCG and scale down the Tx power of SCG in NE-DC similar to that of EN-DC.  The challenge of Option 3is the processing timeline which UE needs to receive the scheduled information of PCG in time in order to calculate the total Tx power of LTE and NR and perform power scaling of SCG.  
If the power scaling for NE-DC follows the same principle of power scaling in EN-DC by protecting the Tx power of PCG and scaling down the Tx power of SCG, UE could re-calculate the PCMAX,c_E-UTRA  only when the UE could receive the NR at X symbols in advance before the scheduled LTE UL transmission at the subframe n.   The X symbols in advance is for the UE processing time in recalculating the PCMAX,c_E-UTRA and scaling the LTE UL transmission power when the total power exceeds the maximum power.    The UE processing time includes the processing time in calculating the NR Tx power from the power control formula and the total power of NE-DC and recalculate the PCMAX,c_E-UTRA for LTE power scaling at the baseband processing.    If the UE does not receive the NR scheduled transmission X symbols in advance, UE could not scale down the LTE Tx power.   
[bookmark: _GoBack]It is very challenged to have specification to define the behavior for UE to scale down the LTE power for all cases when UE receives the NR scheduled UL transmission information X symbols in advance and the total Tx power of LTE and NR exceeds the UE power class.  The X-symbol UE processing time would be dependent on the UE baseband and RF architecture in the UE implementation.  The LTE processing time has been considered improving over the years of LTE deployment [6], [9] and [10].   The exact number of X symbols in advance could be different among different UE vendors.   The abstract of dynamic power scaling for NE-DC is as follows,
· UE calculates LTE Tx power and PHR based on LTE power control formula and PCMAX,c  without any consideration of NR UL transmission
· UE calculates NR Tx power and PHR based on NR power control formula and PCMAX,c  without any consideration of LTE UL transmission
· If LTE signal processing at the UE receives the NR UL scheduled grant X-symbol (LTE symbols) in advance before the beginning of the subframe of scheduled LTE UL transmission. 
· X is between 14 to 28 symbols.
· UE will re-calculate the LTE transmission power by taking NR transmission power into account based on NE-DC dynamic power sharing rule and RAN4 MPR/A-MPR definition
· NE-DC Power scaling rule – 
· If the total power of LTE and NR at some symbols exceeding the configured total power of NE-DC (PNE-DC),  UE would scale down the whole subframe of LTE Tx power.  How the LTE power is scaled would be the UE implementation.    
· Otherwise
· Alt 1: UE implementation choice of scaling the transmit power If the UE output power at some OFDM symbols exceeds the maximum power of the UE power class for NE-DC.  
· Alt 2: UE drop LTE UL transmission 

Proposal 1:  The proposed power scaling method aforementioned would be used for dynamic power sharing to protect the Tx power of PCG for NE-DC.    
Power Control for Intra-band EN-DC
The power reduction techniques including MPR and A-MPR has been studied intensely in RAN4 and can be used to minimize the impact of  IMDs and RIMDs for intra-band EN-DC .  The UE assumption of timing of MPR and A-MPR calculation for NR and LTE for intra-band EN-DC had been discussed intensely in RAN1#94.    The UL power control for intra-band EN-DC should follows the NR and LTE power control formula with the  P C,MAX  of NR and LTE defined by RAN4 in TS38.101-3 and TS36.101 respectively.   
[bookmark: _Hlk519241433]Several proposals of power control for intra-band EN-DC is to calculate take the LTE P CMAX  value for the current subframe into calculation of P CMAX  of EN-DC and thus to derive the P CMAX  of NR.   The other proposal is to compute LTE P CMAX  independently and only take into LTE P C,MAX  value as the MPR/A-MPR for NR P C,MAX  calculation.  Both proposals are feasible with the assumption of single PA and power scaling performed at the baseband processing in UE implementation for intra-band EN-DC.   If dual PA is used in the UE implementation for intra-band EN-DC, the IMD/RIMD effects would not be severe to require the technique of MPR/A-MPR for the mitigation of signal distortion.  UE might have other technique in the implementation to minimize the IMDs and RIMDs for intra-band EN-DC in addition to using dual PA, such as power scaling at the RF side.  
 RAN1 should not discuss further on how to define any new procedure or signaling for NR and/or LTE to take into account the  P C,MAX   of  the other technology in the MPR/A-MPR calculation of its own P C,MAX  calculation to mitigate the potential IMD/RIMD impacts.  The  P C,MAX  calculation taking into the power setting of another technology as the MRP/A-MPR in intra-band EN-DC should be discussed in RAN4 based on EN-DC power sharing in 38.213.   RAN1 does not need to have any further agreements on intra-band EN-DC dynamic power sharing.  

Proposal 2: Dynamic power sharing for intra-band EN-DC should be finalized in RAN4 based on EN-DC power sharing in 38.213.  


Conclusion
In this contribution, we discuss the power control of intra-band EN-DC and dynamic power sharing mechanism for NE-DC (NR and LTE dual connectivity for architecture option 4).   With all the analysis, we propose the following,
· Proposal 1:  The proposed power scaling method below would be used for  dynamic power sharing to protect the Tx power of PCG for NE-DC. 

· UE calculates LTE Tx power and PHR based on LTE power control formula and PCMAX,c  without any consideration of NR UL transmission
· UE calculates NR Tx power and PHR based on NR power control formula and PCMAX,c  without any consideration of LTE UL transmission
· If LTE signal processing at the UE receives the NR UL scheduled grant X-symbol (LTE symbols) in advance before the beginning of the subframe of scheduled LTE UL transmission. 
· X is between 14 to 28 symbols.
· UE will re-calculate the LTE transmission power by taking NR transmission power into account based on NE-DC dynamic power sharing rule and RAN4 MPR/A-MPR definition
· NE-DC Power scaling rule – 
· If the total power of LTE and NR at some symbols exceeding the configured total power of NE-DC (PNE-DC),  UE would scale down the whole subframe of LTE Tx power.  How the LTE power is scaled would be the UE implementation.    
· Otherwise
· Alt 1: UE implementation choice of scaling the transmit power If the UE output power at some OFDM symbols exceeds the maximum power of the UE power class for NE-DC.  
· Alt 2: UE drop LTE UL transmission 
· Proposal 2: Dynamic power sharing for intra-band EN-DC should be finalized in RAN4 based on EN-DC power sharing in 38.213.  
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