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Introduction
Power sharing for LTE-NR DC had been discussed during last several meetings and some agreements were reached including support at least semi-static power sharing between LTE and NR and maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately.
This contribution discusses about NR power control for CA.
Discussion
NR Power control for carrier aggregation
In NR, the time and frequency resources of L-PUCCH (long PUCCH), S-PUCCH (short PUCCH), PUSCH and SRS have no strict requirement on aligning. L-PUCCH could be FDMed with PUSCH, and TDMed with SRS and S-PUSCH, as shown in figure 1.


Figure 1 example of frame structure

For carrier aggregation scenario, each CC may have different multiplexing patterns. The transmit power is calculated per slot per CC, however, when evaluating if the total required power is larger than the Pcmax on all CCs or not, there may exist more than one multiplexing pattern on symbol level. Figure 2 shows an example of 3 CC, each of which have different multiplexing pattern.
When the power is insufficient, the power of higher priority transmission should be ensured as much as possible. E.g. PUCCH has higher priority than PUSCH, PUSCH with UCI has higher priority than PUSCH without UCI. For PUSCH without UCI, PUSCH with URLLC should be given higher priority than PUSCH with eMBB. URLLC may only occupy 2 symbols, which is another reason to use symbol level priority. Therefore, even for synchronized NR CA with unified numerology, power sharing is more complicated than that in LTE. 
For synchronized NR CA with unified numerology, power sharing should consider:
· the total required power should be evaluated per symbol instead of per slot
· the power should be assigned based on priority of transmit channel and traffic
· For the same kind of channel, the power should be equal on all occupied symbols in one slot, except some zero power symbols.




Figure 2 example of frame structure for CA
An example of power sharing procedure for synchronized NR CA with unified numerology is depicted as follows, with frame structure as shown in Figure 2.
1. Calculate the required power for all channels per symbol on each CC. Pc,x,ch is used to describe the required power of CC ID c, OFDM symbol index x for channel ch (e.g. L-PUCCH, PUSCH, etc.) and evaluate if there is power insufficiency on each symbol using Pcmax,c which is the maximum power of CC index c.
Table 1 listed all Pc,x,ch on one slot is assumed.
Table 1 the required power list
	CC
	x=0
	x=1
	x=2
	x=3
	...
	x=11
	x=12
	x=13

	CC0
	P0,0,PUSCH
	P0,1,PUSCH
	P0,2,PUSCH
	P0,3,PUSCH
	...
	P0,11,SRS
	P0,12,S-PUCCH
	P0,13,S-PUCCH

	
	P0,0,L-PUCCH
	P0,1,L-PUCCH
	P0,2,L-PUCCH
	P0,3,L-PUCCH
	
	
	
	

	CC1
	
	
	P1,2,PUSCH
	P1,3,PUSCH
	...
	P1,11,PUSCH
	
	

	
	
	
	P1,2,L-PUCCH
	P1,3,L-PUCCH
	...
	P1,11,L-PUCCH
	
	

	CC2
	P2,0,PUSCH
	P2,1x,PUSCH
	P2,2,PUSCH
	P2,3,PUSCH
	...
	P2,11,PUSCH
	P2,12,S-PUCCH
	P2,13,S-PUCCH



2. For the power insufficient symbol on each CC, adjust the power based on priority to meet the requirement of Pcmax,c. 
Assuming power insufficiency happens on symbol x=0~10 for CC0, lower the power of PUSCH on these symbols to be P’c,x,ch as shown in table 2.
Table 2 the adjusted power list per CC
	CC
	x=0
	x=1
	x=2
	x=3
	...
	x=11
	x=12
	x=13

	CC0
	P’0,0,PUSCH
	P’0,1,PUSCH
	P’0,2,PUSCH
	P’0,3,PUSCH
	...
	P0,11,SRS
	P0,12,S-PUCCH
	P0,13,S-PUCCH

	
	P0,0,L-PUCCH
	P0,1,L-PUCCH
	P0,2,L-PUCCH
	P0,3,L-PUCCH
	
	
	
	

	CC1
	
	
	P1,2,PUSCH
	P1,3,PUSCH
	...
	P1,11,PUSCH
	
	

	
	
	
	P1,2,L-PUCCH
	P1,3,L-PUCCH
	...
	P1,11,L-PUCCH
	
	

	CC2
	P2,0,PUSCH
	P2,1x,PUSCH
	P2,2,PUSCH
	P2,3,PUSCH
	...
	P2,11,PUSCH
	P2,12,S-PUCCH
	P2,13,S-PUCCH



3. Evaluate if there is power insufficiency on each symbol for all CC using Pcmax which is the maximum power of all CC. For those power insufficient symbols, adjust the power based on priority to meet the requirement of Pcmax. The power scaling factor should be equal for the same kind of transmit power with the same priority for multiple CC, with exception that some scaling factors may be zero.
Assuming power insufficiency happens on symbol x=2~10, lower the power of PUSCH on these symbols as shown in table 3. The effected P’c,x,ch is marked as P’’c,x,ch.
Table 3 the adjusted power list for all CC after per symbol adjustment
	CC
	x=0
	x=1
	x=2
	x=3
	...
	x=11
	x=12
	x=13

	CC0
	P’0,0,PUSCH
	P’0,1,PUSCH
	P’’0,2,PUSCH
	P’’0,3,PUSCH
	...
	P0,11,SRS
	P0,12,S-PUCCH
	P0,13,S-PUCCH

	
	P0,0,L-PUCCH
	P0,1,L-PUCCH
	P0,2,L-PUCCH
	P0,3,L-PUCCH
	
	
	
	

	CC1
	
	
	P’’1,2,PUSCH
	P’’1,3,PUSCH
	...
	P1,11,PUSCH
	
	

	
	
	
	P1,2,L-PUCCH
	P1,3,L-PUCCH
	...
	P1,11,L-PUCCH
	
	

	CC2
	P2,0,PUSCH
	P2,1x,PUSCH
	P’’2,2,PUSCH
	P’’2,3,PUSCH
	...
	P2,11,PUSCH
	P2,12,S-PUCCH
	P2,13,S-PUCCH



4. Keep equal power level for the same kind of channel on all occupied symbols in one slot except some zero power symbols.
The power of PUSCH on symbol index x=0, 1, 11, 12, 13 should be lowered to be the related P’’ as shown in table 4 based on table3.
Table 4 the adjusted power list for all CC after power balance within slot
	CC
	x=0
	x=1
	x=2
	x=3
	...
	x=11
	x=12
	x=13

	CC0
	P’’0,0,PUSCH
	P’’0,1,PUSCH
	P’’0,2,PUSCH
	P’’0,3,PUSCH
	...
	P0,11,SRS
	P0,12,S-PUCCH
	P0,13,S-PUCCH

	
	P0,0,L-PUCCH
	P0,1,L-PUCCH
	P0,2,L-PUCCH
	P0,3,L-PUCCH
	
	
	
	

	CC1
	
	
	P’’1,2,PUSCH
	P’’1,3,PUSCH
	...
	P’’1,11,PUSCH
	
	

	
	
	
	P1,2,L-PUCCH
	P1,3,L-PUCCH
	...
	P1,11,L-PUCCH
	
	

	CC2
	P’’2,0,PUSCH
	P’’2,1x,PUSCH
	P’’2,2,PUSCH
	P’’2,3,PUSCH
	...
	P’’2,11,PUSCH
	P’’2,12,S-PUCCH
	P’’2,13,S-PUCCH



For synchronized CA with multiple numerology power sharing
When calculating power for long slot CC, the power of future short slots of other CC overlapped with the long slot can not be predicted, so it is necessary to reserve guaranteed power. The CCs could be grouped based on numerology, and guaranteed power each group is set for each CC group independently. PCM2 in LTE could be considered as a baseline. The way to enhance PCM2 to apply to multiple groups is FFS.

For NR-NR DC power sharing
PCM1 could be used only for synchronized CA with unified numerology. 
PCM2 could be used for other cases, such as 
· synchronized CA with multiple numerology
· asynchronized CA with multiple numerology
· asynchronized CA withunified numerology

Conclusions
In this contribution, we discuss UL power control for NR carrier aggregation. From the above discussion, we have the following proposals:
Proposal 1: For synchronized NR CA with unified numerology, power sharing should consider:
· the total required power should be evaluated per symbol instead of per slot
· the power should be assigned based on priority of transmit channel and traffic
· For the same kind of channel, the power should be equal on all occupied symbols in one slot, except some zero power symbols.
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