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1 Introduction
For NR numerology, it was agreed in RAN1#87 meeting [1] that,  
Agreements:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.
For UL power control, it was agreed in the RAN1# NR AH meeting [1] and RAN1#87 meeting [2] that, 
Agreements:
· For NR-PUSCH at least targeting eMBB,

· Open-loop power control based on pathloss estimate is supported.

· Pathloss is estimated using DL RS for measurement

· Fractional power control  is supported

· FFS: Which DL RS(s) for measurement is used (The RS may be beamformed).

· Closed-loop power control is supported, which is based on NW signaling.

· Dynamic UL-power adjustment is considered

· Further study on:

· Numerology specific power control

· e.g. numerology specific power control parameters

· Beam specific power control parameters

· Power control for other RSs and physical channels

· Power control for grant free PUSCH if supported
· Power control per layer (group)
Agreements [1] :
· NR supports power control for UE side multiple panel transmission

· FFS: specification impact to support multiple panel 

· FFS: waveform independent/dependent parameters for power control

For carrier aggregation and dual connectivity in NR, it was agreed in the RAN1#86bis meeting [3] that, 
Agreements:
· Study at least the following aspects for NR carrier aggregation / dual connectivity

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios

· Number of carriers

· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers

· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback

· TB mapping, i.e., per carrier or across carriers

· Carrier on/off switching mechanism

· Power control

· Different numerologies between different/same carrier(s) for a given UE

· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity

In this contribution, power control methods for multiple connectivity are discussed. Scenarios and use cases are analyzed, e.g. CA/DC. The detailed design principles for NR uplink power control are also given. Moreover, it has been required in RAN4 #82Bis to study the feasibility of the power sharing mechanisms between LTE and NR [4]. Note that discussions about the power allocation mechanisms for NR DC in our contribution are assumed for scenarios of both NR-NR and LTE-NR DC.
2 Discussion 
2.1 New requirements in NR 
Different from LTE, the difference of transmission time interval granularity between primary carrier and secondary carrier may be large in NR CA/DC. For example, the transmission time interval granularity of primary carrier at 2GHz may be 1ms and the transmission time interval granularity of secondary carrier at 38GHz may be 0.125ms.   
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Figure 1 An illustration of multiple numerologies in NR
For uplink power control, small TA difference can be assumed for CA scenario. On the other hand, both small TA difference and large TA difference need to be considered for DC scenario. Therefore CA scenario can be regarded as a special case of DC scenario.
In NR, even in CA scenario, one subframe of primary carrier may overlap with several subframes of secondary carrier. This overlapping issue for uplink power control is similar with overlapped channel issue of asynchronous case in DC scenario. 
Observation 1: There exist some similarities between CA and DC in NR, which can unify the design of uplink power control for CA and DC in NR. 
As shown in Figure 2, uplink power control setting in subframe i depend on the scheduling information of DCI in subframe i-k. For conventional power allocation method in CA scenario, the power allocation between two cells is performed according to available DCI between the two carriers. While the DCI for the later part of the subframes with larger subcarrier spacing on Carrier two is not available in subframe i-k of Carrier one shown in Figure 2, thereby the required power for the channels in the later overlapped short subframes on Carrier two will not be considered. It indicates that the conventional power allocation for CA scenario cannot guarantee the power in the later part of overlapped short subframes. 
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Figure 2 An illustration of power allocation problem between overlapped channels in CA scenario 
In LTE DC scenario, the power is allocated with higher priority for earlier transmitted channel between the two CGs. When different numerologies are adopted between two CGs in NR, the transmission time of corresponding DCI for channel transmitted earlier may be later than the DCI for channel transmitted later. According to the discussion above, the scheduling information for power allocation of channel transmitted earlier is not available in subframe i2-k. Thereby the accuracy of power allocation between the two CGs may be not achieved. 
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Figure 3 An illustration of power allocation problem between overlapped channels in DC scenario 
Based on the above discussions, we have the following observation: 

Observation 2:  The efficiency of power allocation for CA and DC scenario should be studied in NR.

In LTE, there exist two different modes for multicarrier power control. For Mode 1, Look ahead is adopted. Transmission power is firstly allocated to both CGs with configured Minimum Guaranteed Power (MGP). Then the remaining power is further allocated according to the channel type. And for Mode 2, non-Look ahead is adopted. The remaining transmission power is further allocated to CGs according to the earlier timing of UL transmission.
In NR, different numerologies may be assumed for different carriers. One slot of a numerology can be overlapped with several slots of another numerology. With the consideration of power allocation efficiency among carriers with different numerologies, how to allocate the transmission power among carriers of different numerologies should be studied. For example, multiple carriers can be divided into different groups according to the numerology. Furthermore, power control Mode 1 or Mode 2 can be flexibly configured by high layer for different carrier groups. For example, when there are two groups, and the carriers of each group are within the same band, either Mode 1 or Mode 2 can be configured for UL power control between the two groups.  
Observation 3: Both Mode 1 and Mode 2 can be considered for power control in NR CA and DC. 
It is noted that the above methods can also be applied for the case of multiple carriers with the same numerology. And based on the above discussions, we have the following proposal: 
Proposal 1: With the consideration of similarities between CA and DC in NR, one common uplink power sharing design should be considered, e.g., both Mode 1 and Mode 2 can be configured for CA and DC by gNB in NR. 
DC between NR and LTE is also one important scenario. Based on the reports of UE capability, which indicates whether it supports LTE-NR DC or not, DC between NR and LTE may be established. For example, carrier components of LTE eNB constitute MCG, and carrier components of NR gNB constitute SCG for UL transmission. Considering that LTE and NR operations are generally separated, the power sharing for LTE-NR DC can be configured semi-statically, for example, separate maximum transmission power for each CG can be pre-defined, while power sharing among component carriers in each CG can be performed with the priority of traffic type or channel type. Moreover, if proper scheduling knowledge between the NR and LTE can be maintained, similar power sharing mechanisms discussed for NR-NR DC in our contribution can be considered. Considering that different numerology/slot length/traffic type may be different for these two CGs, power sharing for LTE-NR DC needs to be further studied. 
Proposal2:  Power sharing for DC between NR and LTE needs to be further studied. 
2.2 Design for uplink power control in NR
The minimum time granularity of uplink power control is one subframe in LTE. As discussed in section 2, the overlapping of a long subframe and several short subframes is a DC like problem. Thereby, a DC like design for power control should be considered in NR.  
In addition, for CA scenario, the coordination of power allocation between different carriers can be more dynamic and flexible. Compared with DC scenario, more accurate power allocation can be done. But sharp power fluctuations may simultaneously occur with this dynamic power adjustment. Thereby, a unified DC like power allocation method may be supported in NR.  

As discussed in section 2, an overlapping time interval exists for both DC and CA in NR. A unified power allocation method can be based on a threshold of channel overlapping in time domain. Irrespective of CA or DC, when this overlapping time interval exceeds the threshold, DC like power allocation considering channel priority should be considered.  Otherwise CA like power control method is adopted. 
For CA scenario in NR, to achieve efficient power utilization as discussed in section 2, a power allocation method with a combination of the channel priority in the front part of overlapped short subframes and minimum guaranteed power in latter part of overlapped short subframes can be considered. For example, the power allocation for overlapped channels in the shorter subframes can be determined by the following rule. 

                               P_allocated_powe_in_shorter_subframe = Maximum { P_priority,  P_guranteed }
The terminology P_priority is determined according to the power scaling priority in CA scenario. And P_guranteed   represents the minimum guaranteed power which can be defined as ratios of PCMAX (in %) and configured by the RRC signalling. Similar with CA scenario in LTE, each value of the RRC signalling for minimum guaranteed power of a carrier indicates an index to one of the following:
{ 0%, 5%, 10%, 15%, 20%, 30%, 37%, 44%, 50%, 56%, 63%, 70%, 80%, 90%, 95%, 100%}
In order to fulfil more dynamic power allocation between the two carriers, a pre-indication in DCI for potential power reserving in the latter part of overlapped short subframes can be further considered as shown in figure 4.     

 Figure 4  An example of power allocation method for CA scenario in NR
Proposal 3:  A unified power allocation method based on a threshold of channel overlapping in time domain should be considered for CA and DC in NR.
Proposal 4:   Minimum guaranteed power for DC scenario can be applied for CA scenario in NR.
Based on the discussion in section 2, for DC in NR, the priority of power allocation between two CGs can be determined by different rules from LTE, e.g. earlier transmission of scheduling information for power control. When different numerologies are adopted between two CGs, the power can be allocated with higher priority for channel with earlier transmitted DCI between the two CGs. Furthermore, other rules which can achieve more flexible power utilization efficiency are not precluded.
Proposal 5:  Power allocation priority for DC scenario can be determined by the earlier transmission of scheduling information for power control in NR.
Regarding SRS transmission in LTE, if UE is not configured with an SCG and the total transmission power of the UE for SRS would exceed the maximum allowed transmission power, the UE scales the SRS transmission power of each serving cell with one same scaling factor. When UE is configured with MCG and SCG, if the SRS transmission is overlapped with PUCCH/PUCCH transmission, the SRS transmission may be dropped. And these mechanisms can be as the starting point for SRS power control in NR CA/DC. For PRACH transmission, the PREAMBLE_RECEIVED_TARGET_POWER is configured to be same for different component carriers, while in NR CA/DC, PREAMBLE_RECEIVED_TARGET_POWER can be configured per component carrier with the consideration of propagation difference between different component carriers which can range from low frequency to high frequency. In DC scenario, when a PRACH transmission of the UE on the primary cell of MCG is overlapped with another PRACH of SCG in time domain, if the total power of both PRACH transmissions would exceed the maximum allowed transmission power, UE may adjust or drop the PRACH transmission of SCG. The similar mechanisms can be as the starting point for PRACH power control in NR DC.
Proposal 6: The power control mechanisms of SRS/PRACH in LTE CA/DC can be as the starting point for that of NR CA/DC.  
3 Conclusion
In this contribution, some power control methods for CA and DC in NR are discussed.  Scenarios and use cases for power control are analyzed, e.g. CA/DC, LF and HF. Based on these discussions, we have the following observations and proposals:
Observation 1: There exist some similarities between CA and DC in NR, which can unify the design of uplink power control for CA and DC in NR. 
Observation 2:  The efficiency of power allocation for CA and DC scenario should be studied in NR.

Observation 3:  Both Mode 1 and Mode 2 can be considered for power control in NR CA and DC.
Proposal 1: With the consideration of similarities between CA and DC in NR, one common uplink power sharing design should be considered, e.g., both Mode 1 and Mode 2 can be configured for CA and DC by gNB in NR. 

Proposal 2:  Power sharing for DC between NR and LTE needs to be further studied. 
Proposal 3: A unified power allocation method based on a threshold of channel overlapping in time domain should be considered for CA and DC in NR.
Proposal 4:  Minimum guaranteed power for DC scenario can be applied for CA scenario in NR.
Proposal 5: Power allocation priority for DC scenario can be determined by the earlier transmission of scheduling information for power control in NR.
Proposal 6: The power control mechanisms of SRS/PRACH in LTE CA/DC can be as the starting point for that of NR CA/DC.  
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