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[bookmark: _Hlk521661433]In this contribution we follow up on the remaining issues related to NR-LTE coexistence and provide NR-LTE power sharing framework for architecture Option 4/4A.
Discussion 
2.1 Power limits for EN-DC

For EN-DC power control, RAN4 is currently discussing the definitions of PCMAX,c for LTE and NR serving cells and definition of PEN-DC,tot. This issue was also discussed in RAN#81 and an LS [1] was sent to RAN4 with the following guidance - “Continue work on inter-band EN-DC power control based on the guidance in RP-182034 and to continue work on intra-band EN-DC power control as well”
In RAN1, an LS was received from RAN4 [2] in RAN1#93 with an action 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 a reply LS was sent in [3]. In RAN1#94 there was further discussion on possible options for specifying the power limits for intra-band EN-DC. 
Given the LS from RAN#81, we expect the discussion on power limits for both inter-band and intra-band EN-DC will continue in RAN4. As proposed in RAN1#94 [4], our preference is to define the power limits such that NR transmission details are not used for calculation of transmission power of LTE while using the existing A-MPR formulas in 38.101-3. Relevant RAN4 discussion can be found in [5] (submitted to RAN4#89).
Proposal
PCMAX,c , PEN-DC,tot should be defined in RAN4 such that 
1. they take into account the assumption that NR transmission details are not used for calculation of transmission power of LTE (i.e., no need to revisit the RAN1 assumption regarding this, and no changes needed to RAN1 specs)
1. they use the existing A-MPR formulas in 38.101-3 (i.e., no need for RAN4 to re-do A-MPR simulations). 


2.2 Power sharing for NR architecture option 4/4A

As indicated in [6] (relevant excerpt shown below), RAN1 must finalize power sharing framework for NR architecture option 4/4A
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In RAN1#94bis several options for power sharing for NE-DC were discussed and the following was agreed (details of the options 1a,1b,1.5, … are in Annex A)
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 NE-DC, the parameters P_LTE and P_NR specified for EN_DC power sharing can be reused.
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

Considering the above agreements, we propose the following
Proposal 
· A UE configured for NE-DC is configured with RRC parameters P_LTE and P_NR

· For a subframe/slot where it cannot be known via RRC signaling that there will be no overlap between LTE UL and NR UL
· UE transmit power on LTE cannot exceed P_LTE. UE transmit power on NR cannot exceed P_NR
· When there is simultaneous transmission for LTE and NR with power p_lte_power and p_nr_power respectively, such that p_lte_power + p_nr_power > PEN-DC,tot (linear), UE will scale down p_nr_power until the total transmit power does not exceed PEN-DC,tot

· For a subframe/slot where it is known via RRC signaling that there will be no overlap between LTE UL and NR UL, the parameters P_LTE and P_NR are not applied to limit the UE maximum transmit power
· Notes: 
· P_LTE and P_NR are signaled in same way (i.e., value range etc.) as for EN-DC
· At least from RAN1 perspective, there will be no change to other mechanisms (i.e., Power class, p-UE-FR1, Pemax) specified in RAN4 to limit UE maximum transmit power
· At least from RAN1 perspective, PEN-DC,tot  defined by RAN4 for EN-DC can be reused for NE-DC. 
· It is up to NW how P_LTE and P_NR are configured, i.e., to reserve power for NR, NW can configure P_LTE < P_NR

The above proposal is based on option 1b discussed in the previous meeting. Compared to option 1a (which is based on the proposal in [7]), the above proposal is more aligned with RAN guidance to minimize specification impact. i.e. an additional RRC parameter that applies different power limits on LTE side (i.e., for subframes with/without possible overlap) is not required.  Also, RAN4 specification work is reduced since there is a possibility to reuse the total power limit definition PEN-DC,tot  from EN-DC .

P_LTE and P_NR were introduced in Rel15 as a mechanism to split power between LTE and NR UL. There is already other signaling available for the network to ‘limit’ the UE power across all subframes if needed. Considering this, we do not see the need for extra flexibility provided by option 1a using extra RRC signaling.

Compared to EN-DC power sharing framework, the main difference of the above proposal is that some optimisation is done for the case where it known in advance that LTE and NR transmissions will not overlap (i.e., based on RRC configuration of UL/DL pattern etc.). This optimisation was also discussed for EN-DC (i.e., the FFS in the last bullet in RAN1#90 agreement – copied in Annex A). From our perspective, such an optimisation is mainly useful when P_LTE < P_NR is configured. Since NR will be the MCG for NE-DC case, we see it more likely that this optimisation is useful for this case. 
2.3 Threshold for scaling vs. dropping

The following was agreed in RAN#81 [8] to ensure that a UE does not drop NR when the required scaling is relatively small
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Based on RAN guidance, RAN4 is discussing how to incorporate the scaling parameter ‘X’ in the configured output power requirements for EN-DC. In RAN1#94bis, other enhancements for the scaling parameter were proposed [9]. In our view, the RAN guidance will be implemented via appropriate updates to RAN4 specs (e.g. as proposed in our RAN4#89 contribution [10]), and we do not see a need for further RAN1 specification changes.

Proposal 
· RAN guidance regarding the scaling parameter ‘X’ in RP-182014 should be implemented via appropriate updates to RAN4 specs. 
Conclusions
We propose the following:
Proposal 1
PCMAX,c , PEN-DC,tot should be defined in RAN4 such that 
a) they take into account the assumption that NR transmission details are not used for calculation of transmission power of LTE (i.e., no need to revisit the RAN1 assumption regarding this, and no changes needed to RAN1 specs)
b) they use the existing A-MPR formulas in 38.101-3 (i.e., no need for RAN4 to re-do A-MPR simulations). 
Proposal 2
· A UE configured for NE-DC is configured with RRC parameters P_LTE and P_NR

· For a subframe/slot where it cannot be known via RRC signaling that there will be no overlap between LTE UL and NR UL
· UE transmit power on LTE cannot exceed P_LTE. UE transmit power on NR cannot exceed P_NR
· When there is simultaneous transmission for LTE and NR with power p_lte_power and p_nr_power respectively, such that p_lte_power + p_nr_power > PEN-DC,tot (linear), UE will scale down p_nr_power until the total transmit power does not exceed PEN-DC,tot

· For a subframe/slot where it is known via RRC signaling that there will be no overlap between LTE UL and NR UL, the parameters P_LTE and P_NR are not applied to limit the UE maximum transmit power
· Notes: 
· P_LTE and P_NR are signaled in same way (i.e., value range etc.) as for EN-DC
· At least from RAN1 perspective, there will be no change to other mechanisms (i.e., Power class, p-UE-FR1, p-emax) specified in RAN4 to limit UE maximum transmit power
· At least from RAN1 perspective, PEN-DC,tot  defined by RAN4 for EN-DC can be reused for NE-DC. 
· It is up to NW how P_LTE and P_NR are configured, i.e., to reserve power for NR, NW can configure P_LTE < P_NR

Proposal 3
· RAN guidance regarding the scaling parameter ‘X’ in RP-182014 should be implemented via appropriate updates to RAN4 specs. 
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Annex A – Relevant 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

In RAN#81 the following Guidance for provided to RAN4 to develop Inter-band EN-DC Configured Output Power Requirements in Section 6.2B.4.1.3 of 38.101-3
· 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)

In RAN1#94bis the following was discussed for Option 4/4A power sharing framework
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
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Guidance for RAN4 to develop Inter-band EN-DC Configured Output
Power Requirements in Section 6.2B.4.1.3 of 38.101-3

* 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 dBis 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)





