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1	Introduction
RAN4 agreed that MPR/A-MPR would be taken from both LTE and NR for EN-DC configurations.  This was to allow both NR and LTE links to remain robust in situations that required MPR or A-MPR, and also to limit the number of measurement points required for intra-band EN-DC MPR or A-MPR. Currently, models are not capable of simulating reverse intermods, so measurements are required for intra-band EN-DC MPR or A-MPR.  RAN4 subsequently sent an LS to RAN1 [1] asking the following:

RAN4 respectfully requests RAN1 to consider whether the RAN4 definition of MPR and A-MPR where the calculation of transmission power for LTE may take into consideration NR transmission and vice versa is consistent with RAN1 power control design. This is a similar approach that has been taken in E-UTRA intraband CA.

After considerable discussion carried out on the RAN1 email reflector, RAN1 agreed on an LS response [2].  It was noted in the agreed LS response that additional RAN1 efforts that included such potential remedies as a) LTE making a worst case assumption about NR allocations, and b) using existing parameters to align NR allocations with LTE allocations were not precluded.  This contribution presents optional methods for mitigating the issues raised in [2].
2	Considerations of MPR/A-MPR in dynamic power sharing
The EN-DC configuration defines LTE as the MCG and NR as the SCG.  The NR Dual Connectivity RAN1 specification [5, TS 38.213] states that dynamic power sharing will allocate power to MCG (LTE) first, using PLTE as the maximum power, and then to SCG (NR) using remaining power.  RAN1 agreed to not change the LTE latency design, which requires four (4) 1ms sub-frames between UL scheduling assignments in PDCCH and transmission of PUSCH.  This makes LTE PUSCH latency approximately 4ms more than the minimum NR latency, which means that the NR allocations may not be known in time for LTE MPR/A-MPR calculations and PHR encoding to take the NR allocations into account.  Due to this latency/timing difference, the LTE modem may need to allocate power including MR and/or A-MPR prior to having any knowledge of the NR allocations.  

Some have proposed that when MPR or A-MPR is required, all MPR or A-MPR be applied to NR in order to resolve an intermodulation or reverse intermodulation emission issue. While this may seems like the simplest approach, it can have a devastating impact on NR throughput, and can require more MPR/A-MPR than if MPR/A-MPR was applied equally to both RATs. Also, applying all MPR / A-MPR to the NR side would significantly increase the number of test points that must be measured for determining MPR / A-MPR values. 

There are non-optimal methods to mitigate the LTE scheduling problem described above.  For example, UEs not capable of dynamic power sharing do not support real-time communication between LTE and NR modems, so each modem uses a worst case assumption about the transmission of the other modem.  But this worst-case assumption results in larger power backoff than would be necessary with better coordination.  A better solution is to signal NR UL allocations earlier, so that the LTE could use information on NR allocations.

2.1	Delayed NR Method 
In this method, the LTE modem and the NR modem transmit PUSCH slot allocations at the same time.  This requires configuring the NR scheduler to mimic the LTE timeline/latency for LTE modems that cannot meet the faster NR timelines.  This can be enabled semi-statically via RRC by setting the proper value if K2 in the pusch-AllocationList.  The default values for K2 currently listed in the default tables only accommodate an added delay of 4 slots (2ms) for SCS = 30kHz with PUSCH Type A (j = 1, K2 maximum = j+3).  This means that the starting slot for PUSCH will need to be defined by the IE pusch-AllocationList provided in pusch-ConfigCommon per Table 6.1.2.1.1-1 (Applicable PUSCH time domain resource allocation) of [4, TS 38.214].  This IE allows values for K2 of up to 32. 
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	PDCCH search space
	pusch-ConfigCommon includes pusch-AllocationList
	pusch-Config includes pusch-AllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of [6, TS 38.213]
	No
	-
	Default A

	
	Yes
	
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, TC-RNTI
	Any common search space associated with CORESET 0
	No
	-
	Default A

	
	
	Yes
	
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0,

UE specific search space
	No
	No
	Default A

	
	
	Yes
	No
	pusch-AllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-AllocationList provided in pusch-Config




From 38.331 v15.2.1:
PUSCH-TimeDomainResourceAllocation information element
-- ASN1START
-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-START

PUSCH-TimeDomainResourceAllocationList ::= 	SEQUENCE (SIZE(1..maxNrofUL-Allocations)) OF PUSCH-TimeDomainResourceAllocation

PUSCH-TimeDomainResourceAllocation ::= 	SEQUENCE {
	k2										INTEGER(0..32)			OPTIONAL,	-- Need S
	mappingType								ENUMERATED {typeA, typeB},
	startSymbolAndLength					INTEGER (0..127)
}

-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-STOP
-- ASN1STOP
	PUSCH-TimeDomainResourceAllocationList field descriptions

	k2
Corresponds to L1 parameter 'K2' (see 38.214, section FFS_Section) When the field is absent the UE applies the value 1 when PUSCH SCS is 15/30KHz; 2 when PUSCH SCS is 60KHz.

	mappingType
Mapping type. Corresponds to L1 parameter 'Mapping-type' (see 38.214, section FFS_Section)

	startSymbolAndLength
An index into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded) Corresponds to L1 parameter 'Index-start-len' (see 38.214, section FFS_Section)



This method already exists in the Rel-15 specifications and requires no changes to any RAN1 specifications.  This method allows delaying NR on either a cell-wide basis via the pusch-ConfigCommon IE or on a per-UE basis via the pusch-Config IE.  The Delayed NR Method described will not negatively impact overall NR performance since it can be done based on operator need and driven by specific deployment scenarios. 
In addition to using K2 values that delay NR sufficiently, the K1 parameter (PDSCH to HARQ-ACK delay), which sets the slot delay for UL HARQ via the dl-DataToUL-ACK parameter in the PUCCH-Config IE, may need to use higher values.

Proposal 1: RAN1 to send an LS to RAN2 and RAN4 to add signaling capability to signal the UE’s LTE timeline capability, with a resolution to be determined by RAN4.  

Proposal 2:  RAN1 to agree that the Delayed NR Method described above allows all implementations of EN-DC UEs capable of dynamic power sharing to use information on NR allocations for LTE power control according to TS 38.101-3.  When most traffic is delay-tolerant, operators may choose to use the Delayed NR Method in order to offer better performance and coverage.  If operators choose to prioritize low scheduling latency, a K2 value of less than required for the UEs to use the NR allocations may be chosen. 	

Proposal 3:  RAN1 to require LTE scheduling latency improvements aimed at reducing or eliminating the required scheduling leadtime difference between LTE and NR for Rel-16.

Proposal 2 will allow operators to mitigate timeline differences between LTE and NR by delaying NR to match the longer timeline of LTE unless the LTE is capable of meeting the shorter timelines.  

Proposals 1 and 2, when combined, will result in the following logic:
· UE sends LTE timeline requirement in UE Capabilities
· If UE receives NR allocation in time to be considered for LTE power control, 
· UE uses it (equal A-MPR)
· Else, 
· UE uses LTE-only rules for power control
· If NR allocation arrives late
· All backoff is applied to NR (A-MPR or P-MPR)
· Else
· LTE only transmission
Proposal 3 totally resolves any timeline issues between LTE and NR.  
3	Conclusions
This contribution discusses how RAN1 dynamic power sharing can accommodate MPR/A-MPR as defined in [TS 38.101-3] and following proposals were made:

Proposal 1: RAN1 to send an LS to RAN2 and RAN4 to add signaling capability to signal the UE’s LTE timeline capability, with a resolution to be determined by RAN4.  

Proposal 2:  RAN1 to agree that the Delayed NR Method described above allows EN-DC UEs capable of dynamic power sharing to use information on NR allocations for LTE power control according to TS 38.101-3.  When most traffic is delay-tolerant, operators may choose to use the Delayed NR Method in order to offer better performance and coverage.  If operators choose to prioritize low scheduling latency, a K2 value of less than required for the UEs to use the NR allocations may be chosen.	

Proposal 3:  RAN1 to require LTE scheduling latency improvements aimed at reducing or eliminating the required scheduling leadtime difference between LTE and NR for Rel-16.
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