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1 Introduction
In last several RAN1 meetings, many agreements and conclusions related to the power control of CA and DC in NR were reached. They were summarized here as bellows.
On carrier aggregation and dual connectivity in NR, the following was agreed in the RAN1#86bis meeting [1] and RAN1#87 meeting [2].
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

Agreements:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.

In addition, several agreements on DC have been achieved in RAN1#88b [3]:

Agreements:  
· Both synchronous and asynchronous dual connectivity are supported for LTE-NR/NR-NR DC

Agreements:  
· For LTE-NR DC, from UE perspective,

· The deployment scenario that LTE eNB are not synchronized with NR gNB when operating on different and non-overlapping carrier frequencies is supported.

· The deployment scenario that LTE eNB are synchronized with NR gNB is supported when operating on different and non-overlapping carrier frequencies is supported.

· For NR-NR DC, from UE perspective,

· The deployment scenario that one NR gNB are not synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.

· The deployment scenario that one NR gNB are synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.

· FFS: exact definition of synchronous

· For LTE-NR/NR-NR DC, scheduling and HARQ mechanisms/procedures between cell-groups are independent.

On UL power control, the follows were agreed in the RAN1# NR AH meeting [4] and RAN1#87 meeting [2]. 
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:
· 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

On power sharing mechanism for LTE-NR dual connectivity, the following agreements were achieved in RAN1#89 meeting [5].

Agreements:

· From RAN1 perspective, it is feasible to have power sharing mechanism for LTE-NR dual connectivity at least for <6GHz

· FFS: power sharing mechanism

· RAN1 will continue discussing the power sharing mechanism, including potential RAN1 specification impact 

· Applicability of power sharing mechanism for NR in particular bands, e.g., greater than 24GHz, should be discussed in RAN4

· Send back a LS to RAN4 with the above statements – Ryosuke (DCM)

In this contribution, some key aspects of the power control on carrier aggregation (CA) and dual connectivity (DC) in NR are discussed. These aspects include typical scenarios/usage cases and design principles for the uplink power control in NR CA/DC. 
2 Discussion

2.1 New NR features impacting power control
Similar to LTE system, at least the following design philosophies should be considered for the power control schemes in NR CA/DC.
· For CA, regardless of the same or different TAGs, different power allocation priorities are given for different UL channels/signals, as well as between PCell and Scell.
· For DC, including with synchronous/asynchronous operation between different CGs and ideal/non-ideal backhaul, different power allocation priorities are given for different UL channels/signals, as well as between MgNB  and SgNB.
LTE-alike schemes can be considered as starting points in the design of NR CA/DC power control, e.g. PCM1/2 and priorities for different UL channels/signals. However, there are some new NR characteristics impacting the design of NR CA/DC power control, which are outlined below.
· Different Numerologies and flexible HARQ timing
Different from LTE, NR can operate with different numerologies and variable TTI lengths/granularities between CCs. The time interval could be from mini-slot/slot (even partial OFDM symbol) to multi-subframes/slots (if multi-subframes/slots aggregation is used). Different mini-slots configurations and/or different HARQ timings may lead to different TTI starting time offsets, while the offsets could be in various granularities depending on involved subcarrier spacing. Such non-aligned TTI issue in uplink power control is similar to the one in LTE asynchronous DC scenario. How to overcome the possible impacts caused by the mini-slot, flexible HARQ timing and various SCS should be studied. The co-existence of different subframe/slot structure types (e.g. self-contained subframe) may also need to be taken into account.
· Multiplexing of eMBB and URLLC
In NR, URLLC traffic can be frequency-multiplexed with eMBB traffic. In this case, the power of URLLC should be guaranteed at a higher priority even if the multiplexed eMBB transmission starts earlier. The powers of some eMBB symbols, on which URLLC is transmitted simultaneously, could have to be borrowed to URLLC. At a first glance, such power borrowing indication may not be simply accomplished by DCI, because
· For DCI corresponding to eMBB traffic that collides with URLLC, gNB scheduler may not be even aware of upcoming URLLC traffic at the time granting UL eMBB transmission, due to shorter grant-to-PUSCH delay for URLLC than for eMBB. 
· For DCI corresponding to URLLC traffic, there are chances for URLLC transmissions having no corresponding DCI, i.e., grant-free URLLC transmissions. 
· Different Duplex Modes
Unlike in LTE, where the power control for TDD-FDD joint CA was not optimized, NR has the duplexing flexibility as a basic property and RAN1 agrees that the CCs in CA/DC can be operated with different duplex modes. In addition, if the duplexing flexibility is applied, the duplex mode of one CC could be changed dynamically, making the duplex relationship between CCs more complex. In principle, if a slot of one CG changes from UL to DL/idle/reserved, the minimum guarantee power originally allocated for that CG could be borrowed to other CG(s) which needs to transmit UL signal during the same interval. So, it is beneficial to design the power control scheme for NR CA/DC in a way differently from LTE, given CCs of CA/DC can be operated with different duplex modes. 
· Wider Bandwidth
To better support wider bandwidth, the aspect of the partial bandwidth is introduced in NR. Comparing aspect of LTE RB cluster, the partial bandwidth could own some partial cell specific characters from UE perspective. For example, a UE could get all system information and perform most transceiver procedures in one partial bandwidth of a cell within wider bandwidth. The requirements of the power allocation/sharing between partial bandwidths could be more like in case of NR CA/DC rather than within a normal component carrier. Therefore, it is necessary to study possible impacts to the power control design for NR CA/DC. 
Observation 1: At least the following new NR features could impact the power control design for NR CA/DC.
· Different Numerologies and flexible HARQ timing
· Multiplexing of eMBB & URLLC
· Different Duplex Modes
· Wider Bandwidth

2.2 New design considerations
For power control in NR-NR DC, scheduling and HARQ mechanisms/procedures between cell-groups are independent. This assumption is from gNB/CG perspective because the non-ideal backhaul between MgNB and SgNB cannot exchange the scheduling information dynamically. From UE perspective, on the other hand, UE owns all information from both MgNB and SgNB, and these two parts of information coming from MgNB and SgNB can be dynamically shared within UE’s internal implementation. Therefore, it is possible for the DC UE to help to exchange these two parts of information coming from MgNB and SgNB. Then, some more dynamic power allocation/sharing methods could be used.

Proposal 1: The following aspects should be considered in design of NR CA/DC power control.
· To support effective power allocation/sharing among CCs/CGs to avoid any unused power that has no chance to be used (e.g., the power guarded by minimum guaranteed power on a CC with no transmission), especially in power constrained scenarios. 

· To enhanced priority mechanisms among more types of channels/traffics between/within CCs/CGs.
For power control in LTE-NR DC, which is an inter-RAT coordination, the design should basically aim to decouple the correlation between two RAT systems as much as possible. Accordingly, some further design considerations are needed as following:
· The design of the NR/LTE power sharing should not impact LTE specification.
· The design of power sharing between LTE and NR should not limit the flexibility of design of NR UL power control, especially for NR CA/DC power control. NR has enough flexibility (e.g. flexible numerology, flexible HARQ timing, flexible forward compatibility, and so on.) and greater processing capability (e.g. short processing time) to overcome the issue of the power fluctuation, which provides the possibility to support a more flexible intra-RAT power control mechanism.
· If deemed necessary, further optimization for LTE-NR DC power control can be considered after related NR UL power control procedures become stable in RAN1.
Based on above considerations, static or semi-static power sharing between LTE and NR for LTE-NR DC can be considered. As a prerequisite, separate maximum transmission power for each CG (i.e. LTE CG or NR CG) is independently defined, while power sharing among component carriers inside each CG is performed with the priorities upon traffic types or channel types.
Proposal 2: For the power sharing mechanism on LTE-NR DC, separate maximum transmission power for each CG (i.e. LTE CG or NR CG) is independently defined, while the power can be shared among component carriers in each CG.
· Further optimization can be considered at later stage if deemed necessary.
· The design of power sharing between LTE and NR should not limit the flexibility of design of NR UL power control.
· The design of the NR/LTE power sharing should not impact LTE specification
· Note: the CG is LTE only CG or NR only CG.
3 Conclusions

In this contribution, we discussed aspects of power control for NR CA and DC including NR/LTE DC. Based on the above analysis, we provide the following observations and proposals.

Observation 1: At least the following new NR features could impact the power control design for NR CA/DC.

· Different Numerologies and flexible HARQ timing
· Multiplexing of eMBB & URLLC
· Different Duplex Modes
· Wider Bandwidth

Proposal 1: The following aspects should be considered in design of NR CA/DC power control.
· 
To support effective power allocation/sharing among CCs/CGs to avoid any unused power that has no chance to be used (e.g., the power guarded by minimum guaranteed power on a CC with no transmission), especially in power constrained scenarios. 

· 
To enhanced priority mechanisms among more types of channels/traffics between/within CCs/CGs.
Proposal 2: For the power sharing mechanism on LTE-NR DC, separate maximum transmission power for each CG (i.e. LTE CG or NR CG) is independently defined, while the power can be shared among component carriers in each CG.
· Further optimization can be considered at later stage if deemed necessary.
· The design of power sharing between LTE and NR should not limit the flexibility of design of NR UL power control.
· The design of the NR/LTE power sharing should not impact LTE specification
· Note: the CG is LTE only CG or NR only CG.
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