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Introduction
Rel 16 specification will specify NR-NR DC where both MCG and SCG are NR for use cases above and beyond what we defined in Rel 15 NR-NR DC. Particularly Rel 16 will also enable the following two cases: 
· NR-NR where both MCG and SCG are both in FR1
· NR-NR DC where both MCG and SCG are asynchronous, i.e. they are not time aligned 
In the RAN1 Adhoc #1 2019 the following agreements were made for the case when MCG is in FR1 and SCG is in FR2: 
Agreements:
· For Rel. 16 UEs and asynchronous NN-DC operation, where MCG has serving cells only in FR1 and the SCG has serving cells only in FR2, the uplink power control is performed independently across cell groups
· This is under the assumption that for NR Rel. 16, no joint power limit across FR1 and FR2 is defined by RAN4.
· RAN1 has not identified any use case to support the case where SCG is fully in FR1 and MCG is fully in FR2 for both synchronous & asynchronous NN-DC operation. At the same time, if supported, RAN1 has not identified other RAN1 specification impact other than the power control aspect listed below and UE capability 
· If supported, power control is performed independently across the two cell groups.
· 
In RAN1#96 and RAN1#96bis, companies were encouraged to put forth their power control schemes, categorized into semi-static power sharing and dynamic power sharing. A summary of solutions has been identified in [1]. 
In this contribution we discuss the categorization of the different power sharing schemes and share our view on some critical aspects for the NR-NR DC where both SCG and MCG are both in FR1. 
Dynamic vs Semi-Static Power Sharing
The key discussion in RAN1 revolves around two concepts, a) Dynamic power sharing, and b) Semi-static power sharing. In both of these cases we assume that the NW side scheduling and UL power allocation for SCG and MCG are done independently, i.e. the MCG and SCG scheduler do not coordinate or exchange information on a per TTI basis, however they can coordinate and exchange information on a longer-term basis i.e. semi-statically. However, the key difference is how the UE handles the power allocation between MCG and SCG for these two cases. In any DC setup the UE is configured via RRC signaling the maximum power it can use for both MCG and SCG, this is denoted as,  and  respectively. Besides these, the UE also has a total maximum power given by which accounts for factors such as UE power class and any MPR (maximum power reduction) it requires to support simultaneous transmission on MCG and SCG. 
a) Semi-static power sharing: For semi-static power sharing the UE does not coordinate the power allocation between its UL transmission in MCG and SCG. This implies that  . This essentially guarantees the sum of the instantaneous total UL transmission power combined between MCG and SCG is not expected to exceed . If the MCG and SCG UL scheduling do require the total power to exceed , the UE is not expected to handle this case, i.e. UE behavior is not specified. 
b) Dynamic power sharing: For dynamic power sharing the UE is expected to coordinate the power allocation in its UL transmission in MCG and SCG. This implies that the UE can be configured such that. In this case the UE is expected to handle the case when the instantaneous UL transmission power combined between MCG and SCG exceeds . How a UE handles such as case is typically well defined in the specification and various combination of reducing the UL tx power to dropping of some of the UL channels can be used to mitigate this case. 

Power Control Scheme for NR-NR DC
The biggest issue of semi-static power sharing is the loss of the PUCCH coverage on the MCG. From an operator’s perspective, loss of coverage is the biggest concern particularly for FR1. With semi-static power sharing, the maximum transmit power on PUCCH can be  which is   for semi-static power sharing. This means that with DC there is always a loss of coverage compared to the non DC case. The network would need to handle this by RRC signaling to release all the SCG cells and reconfigure the UE to a non DC state, and the reverse needs to happen when the UE moves back into the DC coverage. With dynamic power sharing, this is never an issue since the PUCCH on MCG can get all the power   if needed and the UE maintains the same coverage with DC as well as non-DC. 
Proposal 1: Dynamic power control for NR-NR DC is supported.
Another question that was raised is whether semi-static power sharing is supported as a separate procedure than dynamic power sharing, or if dynamic power sharing can be operated to also cover semi-static power sharing. 
In our view, dynamic power sharing and semi-static power sharing need not be two separate procedures. Categorization of power control schemes into semi-static power sharing and dynamic power sharing resulting in different UE capabilities is not desirable. With dynamic power sharing, it is possible for the network to configure the parameters such that the sum total transmit power on MCG cells and SCG cells does not exceed . The UE can be configured such that ., however the MCG and SCG gNB can share a different set of limits  that they observe while scheduling the UE. The UE is not aware of these limits and does not need to since the network handles this with implementation.

One possible solution for operation in semi-static power control mode is a TDM pattern configuration, where three types of slots are defined, and TDMed semi-statically, depending on the maximum transmission power per CG. For example, a type I slot can be such that , a type 2 slot where , and type 3 slot where . The reason for having three different slot types is to handle coverage limitations with semi-static power control. Otherwise, there will be a loss of coverage when the UE is configured in DC, relative to the non-DC case. 

Observation 1: Semi-static power sharing is part of a dynamic power sharing unified procedure.
Proposal 2: Operation in semi-static control scheme can share the same set of RRC parameters as that of dynamic power control scheme

In the case of DC, the UE is connected to two MAC entities one for the cells in the MCG and the other for the cells in the SCG. This implies that the UL transmission in the MCG and the SCG are scheduled by two different and independent schedulers. When a UE is scheduled by a single scheduler e.g. CA, it can always be guaranteed that the total power of the transmission across all the cells does not exceed the maximum power limit . However, in the case of dual connectivity since the UL transmission of the MCG and SCG are scheduled by two independent schedulers it is not possible to guarantee that such a criterion will be always met. When the sum of the transmit powers across the MCG and the SCG exceeds the UE needs to reduce the transmit power in the MCG and/or the SCG such that the total power stays with the limit allowed by SAR, i.e. .
How the UE performs the power back off depends very much on whether the MCG and SCG are synchronized or not. This can also be seen from the UL power control for Rel 12 LTE DC where a similar situation might present itself. Shown in the figure are the two cases:
· MCG and SCG are synchronous (i.e. the MCG and SCG slot boundaries are within the CP)
· MCG and SCG are asynchronous (i.e. the MCG and SCG slot boundaries are NOT within the CP)
· 
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Figure 1 Synchronous NR-NR DC
[image: ]
Figure 2 Asynchronous DC
Since NR can operate with different numerologies it is evident from these figures that for both synchronous DC as well asynchronous DC, some amount of “look ahead” functionality is needed, where the UE needs to “look ahead” and infer from the scheduling decision over multiple slots whether or not a power back-off is needed for the SCG or MCG or both. This is very different from LTE DC where both SCG and MCG operated with the same numerology and therefore in the case of synchronous DC the UE does not need do any “look ahead” and can determine the need for the power back off if any, from the scheduling grants in the SCG and the MCG in the current slot. This makes the power control in LTE DC quite a bit simpler for the synchronous case compared to the asynchronous case.
Observation 2: Since NR can operate with different numerology in MCG and SCG even with synchronous DC the power control mechanism needs to account for “look ahead” functionality. Therefore, the synchronous and asynchronous power control are essential similar in the nature and separate RRC configurable modes are not required for NR-NR DC. 
Proposal 3: For NR-NR DC where both SCG and MCG are wholly in FR1 a single power control mechanism should be defined for both synchronous and asynchronous DC
The look ahead function allows the UE to predict when the instantaneous power on MCG and SCG exceeds  so that the UE does not need to reduce its Tx power in the middle of the slot. Changing the transmit power in the middle of the slot is detrimental to the gNB demodulation particularly if the transmit power is changed between DMRS and PUSCH/PUCCH. This is not an issue in QPSK, since QPSK demodulation requires only phase estimation, but any higher order modulation cannot be demodulated reliably if the power is changed between DMRS and PUSCH/PUCCH. 
Proposal 4: Look ahead function is considered for dynamic power control in NR-NR DC

One possible dynamic power control scheme can be based on maximum transmit power per cell group. 
Defining a maximum transmit power per CG, that can be different from , can guarantee a minimum reserved power on the other CG. This can make sure that the needed coverage is satisfied. For example, in order to reserve a minimum power in MCG,  is configured to be less than , which implies the remainder of the power is always available for MCG. On the other hand, where minimum reserved power is needed for SCG is TBD. We therefore think that by following this strategy and defining a maximum transmit power per CG, the network is implicitly guaranteeing a minimum reserved power per CG. 

Proposal 5: Dynamic power control based on maximum transmit power per CG should be considered

With dynamic power sharing, since the total transmit power at a given time can exceed ,prioritization rules are needed for the different channels/signals across MCG and SCG. Following the NR-CA priority rules is a good starting point. The prioritization for NR-NR DC needs to be extended, however, across two different CGs. These priority rules also need to take into account different traffic types such as URLLC traffic. 
As an example, following the NR-CA prioritization, priority can be given to connection establishment on the MCG (RACH), and the SCG (RACH), then URLLC grant free traffic, if any, followed by HARQ-ACK and SR, CSI on MCG and SCG, and UL-SCH on MCG and SCG, respectively. 
Observation 3: Priority rules for NR-NR DC can follow NR-CA priority rules as a starting point

Conclusion
In this contribution, we discussed power control schemes for NR-NR DC. We made the following observations and proposals.

Observation 1: Semi-static power sharing is part of a dynamic power sharing unified procedure.
Observation 2: Since NR can operate with different numerology in MCG and SCG even with synchronous DC the power control mechanism needs to account for “look ahead” functionality. Therefore the synchronous and asynchronous power control are essential similar in the nature and separate RRC configurable modes are not required for NR-NR DC. 
Observation 3: Priority rules for NR-NR DC can follow NR-CA priority rules as a starting point

Proposal 1: Dynamic power control for NR-NR DC is supported.
Proposal 2: Operation in semi-static control scheme can share the same set of RRC parameters as that of dynamic power control scheme
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