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[bookmark: _Ref7476982]Introduction 
In RAN #81 meeting, a Work Item on DC and CA enhancements [1] was approved, which includes the UL power control aspects for support of asynchronous and synchronous NR-NR DC: 
	1. Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]
· UE power control [RAN1]
· RRC signaling to support of enhanced NR-NR DC [RAN2]
· Core requirements to support enhanced NR-NR DC [RAN4]
Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core. 


In the past RAN1 meetings [2][3], the following agreements/conclusions regarding cross-carrier scheduling with different numerologies were made:
	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.

Agreements:
· Aim to reuse the existing CA power determination for uplink transmissions on CC(s) in a same CG. 

Agreements:
· Slide 3 of R1-1909864 is agreed




In this contribution, we address some of the questions related to uplink power control of NR-NR DC scenario to progress on this topic, focusing on physical layers aspects.   
Discussions
[bookmark: _Hlk17221238][bookmark: p1]In NR-NR DC, the MgNB and SgNB are connected via non-ideal backhaul and operate independently. Hence, the PUSCH scheduling decisions cannot be aligned at the slot level. The risk of UE power limitation is significantly higher than CA case and UE may have to scale down or drop UL transmissions more often. In addition, NR supports a variety of sub-carrier spacing (SCS) and flexible time-domain resource allocations (e.g. type A PUSCH and type B PUSCH). Consequently, the timing difference between overlapped PUSCH transmissions across CGs can be up to a half slot of the larger SCS for both synchronous and asynchronous NR-NR DC cases. 

Semi-static power sharing scheme
In general, there is no dynamic power sharing among two CGs, the power control mechanism and determination of power is significantly simplified. The power limitation would be determined independently for each CG, by comparing the total transmit power to the correspondingly configured max power level. The scaling and prioritization rule of Rel-15 NR CA are directly applicable per CG. 

One advantage of the semi-static power sharing schemes is that a power scaling or dropping UL transmission to one CG due to increased transmission power requirement of the other CG can be avoided and phase continuity is therefore ensured during UL transmission. Moreover, the network operation becomes predictable, which maximizes the link adaptation efficiency. The following two alternatives were agreed for down-selection for semi-static power control in RAN1#98 meeting, i.e., 
· Considering the following two alternatives for semi-static power sharing with + 
· Alt.1: For the uplink transmission in MCG, the UE checks the semi-statically configured direction of the overlapping symbols of all serving cells of SCG, and vice versa.
· If such overlapping with UL transmission on the SCG is possible (i.e. collides with semi-static ‘UL’ and ‘flexible’ symbols on some CCs of SCG), UE limits its actual transmission power in MCG such that ; 
· Otherwise (i.e. collides with only semi-static ‘DL’ symbols on all CCs of SCG),  can be up to  and   can be up to   .
· Alt.1-1:   and   are configured by RRC signaling. 
· Alt.1-2:   and   are determined by RAN4 requirement. 
· Alt.2: For the uplink transmission in MCG and in SCG, UE limits its actual transmission power  to be up toand   to be up to 
Alt. 2 is simpler, however, a potential drawback of Alt.2 is that it does not reflect instantaneous scheduling conditions for the UE on a given slot and may unnecessarily limit the transmission power in a slot in which only one gNB is active for data scheduling, while still having sufficient power, which reduces the coverage and even reduce DL/UL throughput of some UEs. Therefore, Alt. 1 was proposed so that UE could use full power for the UL transmission on a CG if the other CG is sure to not use as uplink. In this sense, we don’t think there is an additional benefit to make  and  RRC configurable.  and  could be determined by RAN4 and equals to . 

Proposal 1: For semi-static power sharing with + , Alt.1 from RAN1#98 should be supported. 
·  and  could be determined by RAN4 and equals to .
Dynamic power sharing mechanism 
Dynamic power sharing targets to allow UE to utilize any unused power remaining from the transmission to one gNB toward satisfying the power requirement of the transmissions to the other gNB. However, the achieved performance largely impact by whether look-ahead could be used in power allocation. Look-ahead is not used in LTE DC, hence minimum guaranteed power for each CG is semi-statically configured which is to provide the lower bound of performance for UL transmissions in a CG. For the better performance in NR-NR DC, look-ahead behavior is critical. 

The semi-static minimum guaranteed power, being introduced in LTE DC, is designed to fit with non look-ahead operation. Assuming look-ahead is applicable, both two CGs can ideally know the proper power allocation in both CG. Such ideal power allocation could be changed with the variation of traffic in both CGs. Therefore semi-static minimum guaranteed power cannot track the look-ahead based power allocation. On the other hand, it is also typical case that some UL transmissions of both CGs could be known to each other, while some other UL transmission cannot be looked ahead, e.g. due to quite tight scheduling timeline. As shown in Figure 1, at the start of PUSCH A, i.e. time , assuming all DCIs received before time  could be looked-ahead, PUSCH A in CG 1 and PUSCH 2 in CG 2 are known to each other. However, there still exists a PUSCH 1 in CG 2 which cannot be known to CG1. The concept of minimum guaranteed power could be generalized and applied to such case. 



Figure 1: look-ahead base power allocation in NN-DC


The power allocation based on the known UL transmissions in both CGs should be respected as much as possible. A dynamic determined minimum guaranteed power for each CG could be derived based on the look-ahead based power allocation for known UL transmissions. The dynamic determined minimum guaranteed power is then used in the power allocation for remaining UL transmission(s) that cannot be looked ahead. Therefore, a two-step power allocation could be considered in NR-NR DC. Taking Figure 1 as example, for the power allocation at the start of PUSCH A of CG 0, i.e. time ,

Step 1): Since both PDCCH A and PDCCH 2 are transmitted before time , look-ahead can be applied in the power allocation of PUSCH A and PUSCH 2. The dynamic minimum guaranteed power   for CG 0 is derived by the allocated power for PUSCH A, e.g.  . While, the dynamic minimum guaranteed power   for CG 1 is derived by the allocated power for PUSCH 2, e.g.  .

Step 2): the actual transmission power for PUSCH A is exactly since it is the only PUSCH in CG 0. On the other hand, since there are 2 PUSCHs in CG 1, additional means for power allocation within CG 1 is needed. The maximum power could be allocated in CG 1 is limited to . According to Rel-15 CA rule, the power is first allocated to PUSCH 1. If PUSCH 1 is prioritized over PUSCH 2 and if power limitation happens in CG 1, it is likely that the actual transmission power of PUSCH 2 is eventually less than . 

Proposal 2: A two-step power allocation could be used in NR-NR DC
· Step 1): Power allocation for all UL transmission which are known to both CGs. Then, a dynamic minimum guaranteed power is determined for each CG; 
· Step 2): Within each CG, power allocation follows NR Rel-15 CA rules. The dynamic minimum guaranteed power for both CGs are respected. 

2.3 Semi-static vs. Dynamic power sharing support 
The advantage of dynamic power sharing schemes is higher PA utilization. One disadvantage of dynamic power sharing is the unpredictability in the system operation due to lack of scheduling information by the other gNB. For example, frequent power scaling and/or dropping of Ul transmissions can be frequent, resulting in UL throughput loss for such UEs and negate any possibility for traffic offloading to the SCG. 

Based on the discussions above, it seems clear that different power sharing schemes exhibit different pros and cons in terms of e.g. phase continuity, the predication of link adaptation operation and the processing time budget requirement. We see the need to support both for Rel-16 NR-NR DC. More especially, UE capability can be defined for support of dynamic power sharing scheme due to potential tighter requirement with aggressive “look-ahead” operation compared to Rel-15.  

Proposal 3: 
· Support both semi-static and dynamic power sharing for Rel-16 NR-NR DC
· Introducing a UE capability to indicate the support of dynamic power sharing operation. 
 
A common signalling mechanism can be adopted and semi-static and dynamic power sharing could be enabled by proper choice of  and  values in configuration. For example,  would enable semi-static power sharing to preserve the UE processing budget and remove the need of tight coordination for handling the overlapping transmissions across CGs. While, for other use cases,  may be configured to operate dynamic power sharing 

Proposal 4: 
· A unified signalling framework is adopted to operate semi-static and dynamic power sharing by properly setting the corresponding  and  values. 
Conclusion
In this contribution, we discussed the details of power sharing mechanisms for NR-NR DC operation. We make following proposals:  
[bookmark: _GoBack]
Proposal 1: For semi-static power sharing with + , Alt.1 from RAN1#98 should be supported. 
·  and  could be determined by RAN4 and equals to .
Proposal 2: A two-step power allocation could be used in NR-NR DC
· Step 1): Power allocation for all UL transmission which are known to both CGs. Then, a dynamic minimum guaranteed power is determined for each CG; 
· Step 2): Within each CG, power allocation follows NR Rel-15 CA rules. The dynamic minimum guaranteed power for both CGs are respected. 
Proposal 3: 
· Support both semi-static and dynamic power sharing for Rel-16 NR-NR DC
· Introducing a UE capability to indicate the support of dynamic power sharing operation. 
Proposal 4: 
· A unified signalling framework is adopted to operate semi-static and dynamic power sharing by properly setting the corresponding  and  values. 
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