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1. Introduction
In this contribution, we discuss remaining issues related to LTE/NR DC (considering both case of LTE PCell and NR PCell).
2. Discussion on power control for inter-band EN-DC
In plenary meeting RAN#81, the following is agreed to improve RAN4 requirement:
	· 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)


And, in the previous meeting, it is discussed in RAN1 as follows:
	· Option 1: Define additional RRC signaling to support configuration of 3 separate power scaling thresholds, including
· X1-dB for PUSCH
· X2-dB for PUCCH
· X3-dB for SRS
· Option 2: Clarify that X-dB threshold only applies to PUSCH
· Option 3: X-dB threshold applies to all channels
· Option 4: Use of X-dB is TBD (by RAN1 and/or RAN4), only impacts RAN4 specification, no impact to RAN1 specs
To be resolved in RAN1#95


By RAN plenary decision, we prefer option 3. 
Proposal 1: For Inter-band EN-DC Configured Output Power requirements, it is preferred that X-dB threshold applies to all channels by following RAN plenary decision.
Related to inter-band EN-DC configured output power requirements, we have to think about asynchronous inter-band EN-DC. In that case, it is possible that two TDMed LTE transmissions and one NR transmission can be time overlapped. NR power reduction levels would have different two values for one transmission. Considering that power change within transmission can have channel estimation problem, one power reduction value would be beneficial, which the maximum value out of two. It is used for comparison between NR power reduction and configured X in Inter-band EN-DC Configured Output Power requirements when determining NR dropping allowance.
Proposal 2: In asynchronous inter-band EN-DC, NR power scaling can be assumed as long as the maximum required scaled power in both overlaps does not exceed X dB.
3. Discussion on A-MPR for intra-band EN-DC
In the previous meeting, A-MPR for intra-band EN-DC is discussed. It is determined to be resolved in RAN1#95 after considering RAN4 discussion. In the previous RAN4 meeting, the following is discussed:
	· Revisit the A-MPR for intra-band EN-DC for type1 power sharing UE
· Whether or not keep the equal power reduction or change A-MPR scheme.
· For intra-band EN-DC and type-1 UE, RAN4 decide one of the following options to move forward:
· Option 1: Keep present A-MPR power back-off design
· Accommodate RAN4 original assumption, LTE and NR modems know each other’s allocations, by, e.g., delayed NR network or faster UEs
· Option 2: Change A-MPR power back-off design
· Option 3: Additional A-MPR power back-off design(s) with UE signaling to select and apply one
· New UE capability signaling of X bits to be agreed
Note: Other options are not precluded.
In RAN4 #88bis, there was no conclusion for this.


Among the proposed options, we slightly prefer no UE capability. If Option 1 is adopted by RAN4, a new UE capability of faster processing may be necessary unless it is guaranteed by the network of delayed NR always. Overall, we consider Option 1 can be used as long as delay NR is used. In case the network does not use delayed NR, it is our preference to take similar approach of inter-band power scaling in intra-band case as well.  
Proposal 3: For A-MPR for intra-band EN-DC, when delayed NR is used, equal power backoff between LTE and NR is assumed. Otherwise, power backoff is performed at NR only including potential drop.
4. Dynamic power sharing for NE-DC
Last meeting, dynamic power sharing is discussed with following agreement:
	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


Discussed options are listed in Appendix. In the agreement, subframe-wise method is agreed which is related to options 1a and 1b. In some subframes, there is no scheduling for NR, and in the other subframes, NR and LTE can be simultaneously scheduled. The difference between 1a and 1b is whether ‘r’ is applied to differentiate LTE power limit or not. However, since there is no NR scheduling in LTE subframes, the configured maximum transmission power for EN-DC operation as defined in 8-3, TS 38.101-3 can be regarded as p_LTE regardless of configured value of p_LTE, and in overlapped subframes, configured value of p_LTE is LTE power limit. Then, additive signalling for ‘r’ in option 1a is not necessary. So, we prefer option 1b for subframe-wise method. 
Proposal 4: If supporting subframe-wise approach in NE-DC dynamic power sharing, the option 1b is preferred with less signalling overhead.
· 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 the configured maximum transmission power for EN-DC operation as defined in 8-3, TS 38.101-3 which is regarded as p_LTE regardless of configured p_LTE.
Moreover, the agreement in terms of LTE special subframe needs further clarification where in our view higher power can be used in LTE special subframe as long as UpPTS of LTE does not overlap with any potential NR UL symbols. Also, though it’s noted that the power is constant within a subframe, as SRS transmission can be independent from other PUSCH/PUCCH and can be 1 OS transmission, it can be further considered to allow higher power on SRS transmission if SRS symbols of LTE do not overlap with potential NR UL symbol(s). 
Proposal 5: For NE-DC dynamic power sharing, it is clarified that in LTE special subframe, higher power can be allocated as long as UpPTS does not overlap with any potential NR UL symbol(s). Further, it is considered to allow higher power on LTE SRS as long as LTE SRS symbol do not overlap with NR UL symbol(s). 
With adopting 1b where P_LTE is configured to be smaller than UE maximum power, P_total – P_LTE can be reserved for NR. By this way, the network may configure small P_LTE in case coverage of PCell is important. 
Observation 1: In option 1b, configuration of P_LTE smaller than P_total allows guaranteed power at NR side to protect coverage when needed. 
Similar motivation is present in case of semi-static power sharing between LTE and NR where P_LTE and P_NR are configured to be smaller than PCmax. In such cases, it would be also desirable to allow maximum power to be used by P_LTE (or by P_NR) as long as there is no potential NR UL transmission (or no potential LTE UL transmission). 
Proposal 6: Support subframe-based power configurations for EN-DC semi-static power sharing as well. 
5. Conclusion
Proposal 1: For Inter-band EN-DC Configured Output Power requirements, it is preferred that X-dB threshold applies to all channels by following RAN plenary decision.
Proposal 2: In asynchronous inter-band EN-DC, NR power scaling can be assumed as long as the maximum required scaled power in both overlaps does not exceed X dB.
Proposal 3: For A-MPR for intra-band EN-DC, when delayed NR is used, equal power backoff between LTE and NR is assumed. Otherwise, power backoff is performed at NR only including potential drop.
Proposal 4: If supporting subframe-wise approach in NE-DC dynamic power sharing, the option 1b is preferred with less signalling overhead.
· 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 the configured maximum transmission power for EN-DC operation as defined in 8-3, TS 38.101-3 which is regarded as p_LTE regardless of configured p_LTE.
Proposal 5: For NE-DC dynamic power sharing, it is clarified that in LTE special subframe, higher power can be allocated as long as UpPTS does not overlap with any potential NR UL symbol(s). Further, it is considered to allow higher power on LTE SRS as long as LTE SRS symbol do not overlap with NR UL symbol(s).
Observation 1: In option 1b, configuration of P_LTE smaller than P_total allows guaranteed power at NR side to protect coverage when needed.
Proposal 6: Support subframe-based power configurations for EN-DC semi-static power sharing as well.



Appendix
Discussed options for dynamic power sharing for NE-DC in RAN1#94bis as follows:
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
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