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Introduction
In Rel. 15 NR, uplink power control for CA, EN-DC, NE-DC and NN-DC were discussed and specified. 
In RAN-P#80, the Rel-15 work item exception for new radio access technology is summarized and approved.  The aspects for NR-NR dual connectivity (NN-DC) in Rel-15 are as follows:
	For SA (Option 2) only:
· NR-NR Dual connectivity aspects
· synchronous mode from physical layer aspects;
· Band combination(s) for FR1 + FR2;
· MCG fully in FR1 and SCG fully in FR2
· Common radio protocols and network interfaces applicable to both synchronous and asynchronous mode of operations.



Hence, power control scheme for synchronous and asynchronous DC with both cell groups in the same FR and asynchronous DC with cell groups in different FRs are not supported in Rel. 15 specification.
In RAN-P#81, the work item on multi-RAT dual-connectivity and carrier aggregation enhancements was approved. One of the objectives of this work item is to devise uplink power control schemes to support the remaining scenarios as mentioned above:
1. Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]
· UE power control [RAN1]
· RRC signalling 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. 

For this meeting, the companies’ contribution papers [1-13] contain discussion on the following items:
1. Supporting asynchronous DC for FR1+FR2 band combinations 
2. Uplink power control schemes for NN-DC with the cell groups contained fully in the same FR
3. Uplink priority rules for uplink NN-DC

In this summary, some discussion points are highlihgted, and comments and recommendations for actions to follow during the 3GPP RAN1 AH-1901 meeting are provided.
Asynchronous DC for FR1+FR2 Band Combinations
For this meeting, 7 companies ([HW], [vivo], [OPPO], [ATT], [Nokia], [Panasonic] and [Ericsson]) discussed power control for uplink in NN-DC for FR1+FR2 band combinations. Since no joint power limitation across serving cells in different FRs is not specified, all companies agreed that the uplink power control can be performed independently in each cell group.

Feature lead recommendation: Consider the following proposal for agreement in RAN1 AH1901:
Offline Consensus: 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 within each cell group.
· This is under the assumption that for NR Rel. 16, no joint power limit across FR1 and FR2 is defined by RAN4.
· FFS SCG is fully in FR1 and MCG is fully in FR2. If supported, power control is performed independently across the two cell groups.

· Please provide your comments below.
	Company
	Comment

	
	

	
	



Uplink PC for DC with Cell Groups in One FR
For this meeting, 14 companies ([HW], [ZTE], [vivo], [OPPO], [CATT], [ATT], [Intel], [Nokia], [Panasonic], [InterDigital], [Motorola], [DoCoMo], [Samsung], [Ericsson] and [Qualcomm]) shared their views and proposals on how the uplink power control for NN-DC with cell groups fully contained in only one frequency range should be devised. 
The proposed solutions can be categorized, at a high level, as follows:
· Semi-static power splitting between MCG and SCG
· Joint power control across MCG and SCG based on their semi-static slot format configurations
· Dynamic power control across MCG and SCG 
· Without a look-ahead capability
· With a look-ahead capability



Semi-static power splitting between MCG and SCG
Based on this approach, the UE’s maximum allowed transmit power is semi-statically split and assigned to MCG and SCG; the assigned power per CG can be semi-statically controlled by the network. 
Ovreall, 4 companies ([vivo], [Panasonic], [DoCoMo] and [Qualcomm]) porposed to support a semi-static power splitting approach for the following scenarios:
· For asynchronous DC: [vivo], [Qualcomm]
· For both synchronous and asynchronous [Panasonic] and [DoCoMo]

The main reason for the proposals is that it not only allows UE implementation with reasonable complexity, and also allows for predictable network behavior since power scaling/dropping of a transmission in one cell group does not occur due to the transmission in another cell group.
Joint power control across MCG and SCG based on their semi-static slot format configurations
This scheme enables the UE to modify its maximum transmit power on a cell group based on the semi-static slot format configuration of the other group. Hence, for modifying the maximum transmit power on a given CG, the UE is not required to obtain the actual uplink grant/triggering information of the other CG.
In [Intel], it is proposed that the maximum allowed power per cell group can be semi-statically configured; however, in case there cannot be any uplink transmission on the other group based on its semi-static configuration, all the available power can be utilized.
In [Qualcomm], a similar approach for power control of synchronous DC is proposed. The only difference is that two sets of maximum powers per cell group are considered. Depending on the semi-static slot format configuration of the other cell group, the maximum transmit power is chosen from one of the cells. The description of this scheme and an illustration is shown below:


The network and UE operations under the proposed uplink power control scheme for NN-DC.



An illustration of the proposed uplink power control scheme.



Dynamic power control across MCG and SCG 
Dynamic power control refers to a class of schemes, wherein the transmit powers of the cell group are decided jointly based on the actual uplink grants/triggering. Hence, the UE needs to have a capability to collect the scheduling information of both groups, and determine the power for each transmission of each group accordingly. Three companies ([HW], [Samsung] and [Ericsson]) explicitly propose to consider a UE with a single chip for both CGs, or capable of exchanging scheduling information across the two modems of the two cell groups.
Based on the proposals, the following aspects can be considered:
· Reserving minimum and/or maximum power per cell group
· CA-Like power control
· Joint power control with a look-ahead capability

Reserving minimum and/or maximum power per cell group
Due to the fact that the scheduling of the two cell groups is decided independently, it is important to ensure that the uplink transmissions of each group are protected to some extent. This is the main intention of introducing a minimum reserved power per cell group. 
For this meeting, 5 companies ([HW], [Intel], [Panasonic], [InterDigital] and [Samsung]) proposed to introduce the notion of minimum reserved power configured for each cell group. Further, [InterDigital] proposes to enable dynamic adaptation of the reserved powers via DCI or MAC CE. One company [Samsung] states that the configuration of the maximum allowed power per serving cell is not needed, and is in fact, detrimental for the network performance. 

For this meeing, one company [ZTE] supports introducing both the maximum allowed power per cell group and the minimum reserved power per cell group simultaneously. The high power ratio gH is used to determine the maximum power portion when the sum of the required power for both CGs is larger than Pcmax. In this case, power could be allocated to each CG according to gH if both CGs are requiring power more than gH. But, when only one CG requires power higher than gH i, it could occupy more power as long as the transmission power of other CG does not reach its corresponding high power ratio. The low power ratio gL is used as guaranteed power portion. An example is given as follows:
· Assuming high power ratios of CG1 and CG2 are gH_CG1 =50% and gH_CG2=50% respectively, and low power ratios of CG1 and CG2 are gL_CG1=30% and gL_CG1=20% respectively, 
· if the required power ratio for CG1 is 60% and the required power ratio for CG2 is 70%, then  the actual power ratios for CG1 and CG2 are  50% and 50% respectively.
· if the required power ratio for CG1 is 60% and the required power ratio for CG2 is 30%, then the actual power ratios for CG1 and CG2 are  60% and 30% respectively.
· if the required power ratio for CG1 is 20% and the required power ratio for CG2 is 80%, then the actual power ratios for CG1 and CG2 are  20% and 70% respectively.

One company [DCM] supports either configuring a minimum reserved power per cell group or maximum allowed power per cell group. It is stated that configuring the max. allowed power per cell group is one way to indicate the minimum reserved power of the other group.
1. Feature lead comment: These two approaches seem to be different. If the minimum reserved power is configured, the max. power of a cell group can still be up to the total available power. However, if the maximum power of the cell group is configured, although it indicates the minimum reserved power of the other group, but the does not allow a cell group to utilize all the available power. More clarification is needed.

One company [OPPO] support the configuration of the maximum reserved power per cell group. The sum of the maximum allowed powers can exceed the total allowed power of the UE.

CA-Like Power Control
In Rel. 15 NR, the CA power control is denfined on a per occasion basis, i.e., independent of other occasions. In other words, no look-ahead operation is specified. For Rel. 16 NN-DC, 4 companies ([OPPO], [CATT], [Intel] and [Samsung]) support the same approach.
2. Feature lead comment: Further discuss how the NR-CA power control should be modified to take the minimum and/or maximum power limit per cell group into account.

Dynamic Power Control with a Look-ahead Operation
Unlike the CA-like power control solution where the power of a transmission is determined on a per occasion basis, dynamic power control with a look-ahead operation requires a UE to take the presence of the channels colliding fully or partially with the intended channel into account, and perform joint power control across their entire duration.
For this meeting, dynamic power control with a look-ahead operation is supported by 6 companies ([ZTE], [ATT], [InterDigital], [Motorola], [DoCoMo] and [Ericsson]).
One aspect related to the look-ahead operation is the relative timing between the triggering of the different overlapping uplink channels. If two channels A and B overlap, while B is triggered at a point where the decision made for A cannot be revise, joint power control cannot be performed. This issue is mentioned by several companies ([ZTE], [DoCoMo], [Motorola] and [InterDigital]), and is illustrated in the figure below:


In [ZTE], it is mentioned that it is preferred to select the time point for power determination as late as possible as long as there is still sufficient time for UE to compute and adjust its power. [DoCoMo] suggests that such timing requirements can be defined similar to the UCI multiplexing timing requirements of NR Rel. 15. [Motorola] defined a cut-off time for making the power control decisions, and describes the uplink power control in different scenarios (where the presence of the overlapping channels is known or not known prior to the cut-off time.)
3. Feature lead comment: In NR Rel. 15 and for UCI multiplexing, if the joint timing requirement across the overlapping channels is not met, it is considered as an error case. In the context of DC, if such timing requirement is defined, and not satisfied, this event cannot be considered as an error case. Instead, the UE behavior should be defined.

In [InterDigital], it is proposed that the power allocation for NR DC should support flexible grouping of transmissions based on the timing related aspects such as HARQ timing. Each group could include transmissions for which the difference in transmission starting time is within a specific window of time e.g., a fixed, possibly configurable, period defined from the transmission starting time of the earliest transmission for the group or similar to the power control determination period of an UL transmission.
4. Feature lead comment: If this scheme [InterDigital] is different from that of the UCI multiplexing of NR Rel. 15, including some figures and more details to clarify the proposed ideas will be helpful. 

Additional Notes
Three companies ([ZTE], [ATT] and [Nokia]) proposed to have a unified solution for both synchronous and asynchronous DC uplink power control. In [Nokia], it is further proposed to consider the co-located and non-colocated scenarios separately; it is preferable to have a similar solution for these two cases and the case of mTRP in a given cell.
One company [Intel] proposes to indicate per band of a band combination whether the UE can handle cases with overlapping transmissions with non-aligned starting or ending times or hop boundaries across carriers. This is proposed for the support of a UE implementation with a single PA in case of intra-band DC.
5. Feature lead comment: Whether a single PA is used per cell group or across all serving cells should be clarified.

One company [HW] mentioned the need to support a single-Tx operation to tackle the IMD issues due to simultanoues uplink transmissions in different bands.
One company [HW] discusses how the PHR should be calculated in case of asynchronous NN-DC. It is stated that leaving the PHR calculation up to the UE implementation in case of a channel overlaps with multiple other channles from the other cell group creates ambiguity between the gNB and the UE. Hence, it is proposed to define and specify the PHR calculation rules for Rel. 16 NN-DC.

Summary
Based on the proposals and observations summarizes in this section, we have:
Feature lead recommendation: Further discuss the following points during the RAN1 AH1901:
1. Whether the joint power control (either semi-static or dynamic) applies to NN-DC with FR1+FR1 and/or FR2+FR2.
2. Further discuss the pros and cons of semi-static power splitting and dynamic power sharing between the two cell groups.
a. no gain for dynamic since transmissions are not guaranteed,
b. Dynamic:better for URLLC
c. Whether a single power control scheme or more than one can be supported for Rel. 16 NN-DC with cell groups in the same frequency range.
3. If dynamic power control is supported, further discuss the power control scheme within each cell group.
4. If dynamic power control is supported:
a. Opt1: configure a minimum reserved power per cell group
i. FFS: If the configured powers can be modified dynamically
b. Opt2: Configure both the maximum allowed and minimum reserved powers per cell group
c. Opt3: No minimum reserved or max. allowed power per cell group is configured.
5. If dynamic power control is supported, further discuss the pros and cons of CA-like solution vs. the dynamic power control scheme with a look-ahead operation from both the UE and network perspective.
6. If dynamic power control with a look-ahead operation is supported, further disucss the requirements needed to allow for the look-ahead operation, e.g., the timing requirements and UE behaviour in case the timing requirement is not satisfied.

Durint the offline session, item (1) above was discussed. It requires more checking to see if the joint power constraint for FR2+FR2 band combinations is specified by RAN4.
Further, during the offline discussion, item (2) above was discussed. The considered pros and cons of the semi-static vs. dynamic power control schemes are as follows:

1. Semi-static power control across the cell groups reduces the UE implementation complexity at least for the UEs not supporting UL CA.
· Please provide your comments below.
	Company
	Agree/Disagree and Comment

	
	

	
	


	

2. Dynamic power sharing can be operated similar to the semi-static power sharing by appropriately configuring the power limits of each cell group.
· Please provide your comments below.
	Company
	Agree/Disagree and Comment

	
	

	
	



3. Semi-static power control degrades the uplink coverage.
· Please provide your comments below.
	Company
	Agree/Disagree and Comment

	
	

	
	



4. Link adaptation is done beased on the accurate available power at the UE. If the requested power by the gNB is not availale (because of the power scaling due to the overlapping transmissions in another cell group), the uplink performance is impacted. 
· Please provide your comments below.
	Company
	Agree/Disagree and Comment

	
	

	
	



5. Unlike NR-CA where dynamic power control “is not needed” (since gNB does not interrupt its own scheduling decisions), NR-DC requires dynamic power sharing to recycle the left-over power. 
· Please provide your comments below.
	Company
	Agree/Disagree and Comment

	
	

	
	



6. Unlike NR-CA where dynamic power control “is needed” (since gNB can interrupt its own scheduling decisions whenever necessary), in NR-DC, due to the lack of communication, dynamic power sharing may lead to interrupting an uplink transmission of one cell group without gNB’s knowledge. 
· Please provide your comments below.
	Company
	Agree/Disagree and Comment

	
	

	
	



7. Whether semi-static or dynamic power sharing scheme is beneficial depends on the traffic model. If arrival rates are bursty, dynamic power sharing can safely reuse the remaining power. Otherwise, uplink transmissions are often dropped.  
· Please provide your comments below.
	Company
	Comment

	
	

	
	



Uplink Priority Rules for Rel. 16 NN-DC
[bookmark: _Hlk529762313]If dynamic power control across two serving group is adopted, one main question to answer is how the available power should be distributed across different overlapping channels.
Overall, four companies ([OPPO], [CATT], [Intel], [Samsung] and [DCM]) propose to reuse the CA priority rules as a baseline (or a starting point.) In [OPPO] and [DCM], it is mentioned that in case two channels with the same priority overlap at a given time, MCG is given a higher priority.
[vivo] proposes to always consider the transmissions of MCG having a higher priority as compared to those of the SCG. [ZTE], [Panasonic] and [DoCoMo] propose to consider the service type in defining the priority rules; as an example, URLLC should have a higher priority as compared to eMBB. [HW] further proposes to define priority rules between the short and long PUCCH as well as dynamic PUSCH and uplink with a configured grant. [Motorola] assumes that once a power for a given channel is set, in cannot be changed due to the presence of another overlapping channel whose grant was not available at the UE at the time of uplink power determination. [Panasonic] proposes that the minimum reserved power of a cell group should not be respected if the other cell group has an uplink URLLC.
Feature lead recommendation: Further discuss the during the RAN1 AH1901.
· Please provide your comments below.
	Company
	Comment
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Use P_NRi from set 1 for uplink Tx in CGi if the uplink Tx is contained within the DL portion of all CCs in CGj.

Use P_NRi’ from set 2 for uplink Tx in CGi if the uplink Tx is overlapping  with semi-static UL or FL portion of any CC in CGj.
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