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Introduction
[bookmark: _Hlk510705081]For several RAN1 WG meetings, companies shared their view on Rel-16 NR-DC power control, but the differences on companies’ preferemce for the implementation options were found. As a starting point of power control discussion, several companies proposed two separated power sharing mode, but another severe amount of companies preferred single mode operation where both semi-persistent or dynamic power sharing can be operated at UE side depending on the value of configured parameters. 
To make a progress, in RAN1 #96bis, feature leader provided a summary with the draft categorization of power sharing schemes [1], and further comparison and clarification on the benefits of each categoried schemes are expected to happen in RAN1 #97. In this contribution, based on feature leader’s summary, we compare the potential benefits of each schemes, and provides modification of the categories for more clear comparison. 

Discussion
2.1 Semi-static power sharing 
UE complexity
In the feature leader’s summary, the definition of semi-static power sharing scheme is given as 
	· The UE’s maximum allowed power P_tot is configured semi-statically between the two cell groups such that P_max_MCG + P_max_SCG <= P_tot. 


The definition above may be driven from the Rel-15 EN-DC discussion. But in a more general sense, semi-static power sharing may mean power control schemes where the allowed maximum transmission power of each CG are semi-statically configured, and not impacted by the scheduling information or other L1 signal. In a sense of operational complexity, semi-static power sharing measn that the transmission power at each CG is determined by the simultaneous UL transmisisons within each CG and not affected by the UL transmissions happed in the other CG. A question may rise whether such operation can be allowed, if we assume that Rel-15 NR CA power prioritizaiton rule is applied for NR-DC.  
In Rel-15 NR, TS 38.213 defines the power prioritization rules for CA where PCell and Scell can have different priorities on power allocation. The latest specification accoding to the recent CR is shown below. 
	In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell.


The text above can be understood in two different ways 
· Understanding 1: Transmission power of Pcell in each cell group has higher priority than SCells in the same cell group
· Understanding 2: Transmission power of PCell has higher priority than SCells in any cell groups.

However, the recent discussion revealed that companies have understanding that Rel-15 NR does not define any power prioritization rule between cell groups, but at the same moment, also does not blocks the power sharing between cell groups.
[bookmark: _Hlk7483694]Observation 1: Rel-15 NR CA does not clarify whether power sharing between cell groups are supported or not, since no prioritization rules are defined between MCG and SCG.

Based on such an observation, we may extract another observation as 
Observation 2: If two separated power control modes called semi-static and dynamic power sharing are supported, semi-static power sharing mode does not increase UE’s operational complexity compared with Rel-15 NR CA, while dynamic power sharing mode may or may not.

In Rel-15 DC discussion, since there was clear evidence that the implementational complexity can disturbe the early comes of NR into the market, semi-static power sharing mode with options is specified while dynamic power sharing remained as optional feature. But even with such severe implementation issues, operators and network vendors had huge concerns on the reduced coverage. Thus, it should be the general approache that separated power control mode for semi-static power sharing is not supported till the gain and the impact on the commercialization becomes clear. 
Proposal 1: If implementation of dynamic power sharing cause severe UE complexity issue as in Rel-15, a UE or an operation mode supporting only semi-static power sharing needs to be specified.

Coverage and spectral efficiency
Not only in DC A.I., but the impact of UL tx power reduction has been widely discussed in various A.I., e.g., power control and MIMO. Considering that NR-DC would aim to support hierarchical network, the reduction of peak power in each CG would result in different way of draw-back. Assuming MCG is connected to Macro cell, 3dB or more reduction of tx power at MCG will make UE to loss Macro cell connection, and it may remove the chance a UE to be connected via DC. At the same time, peak power reduction at SCG may reduce the spectral efficiency or throughput per slot via small cell, so more frequency transmission via small cell (SCG) may needed to support large throughput per UE. 
Observation 3: In a hierarchical netwoek, reduction of tx power in each CG can decrease overall performance gain of dual connectivity

So here is our secont proposal.
Proposal 2: Full power transmission should be supported for any Cell groups.

In the feature leader’s summary, it is shown that some alternatives to implement semi-static power sharing can support full power transmission in some slots. In our perspective, UE may not need to perform full power transmission for each CG in every slots, but some restriction in time domain operation would be acceptable. The only concern should be that the pre-configured time pattern or pre-configured slot of full power transmission will not totally remove the power issue. 
[bookmark: _Hlk7712310]Observation 4: Potential gains of advanced semi-static power sharing scheme is expected over simple semi-static power sharing schemes by supporting full power transmission.

Service type specific operation
 3GPP is talking about a new or wide market can be achived by new service type, URLLC. Both in Rel-15 and Rel-16, protection or prioritization of URLLC traffic has been an importance topic, and such pretection will need a power prioritization rule which guarantees enough transmission power for URLLC traffic in any scenarios including NR-DC. 
As an easy solutioin, Rel-15 may assume URLLC transmission via configured grant via pre-configured slots, but such limited operation would not be a final solution supporting low latency service. By the same reason, semi-static power sharing where full power transmission is allowed in pre-configured slot would not be a proper solution protection URLLC traffic.
Observation 5: Semi-static power sharing has limited ability to support high priority URLLC transmission.

As alternative solution, if semi-static power sharing is configured for a certain UE, gNb and UE should be able to switch for full power transmission at any time when URLLC UL happens.
Proposal 3: If semi-static power sharing mode is supported, over-written by dynamic power sharing or fast switching to dynamic power sharing should be supported.

2.2 Dynamic power sharing
Discussion on the categprization
In a conceptual perspective, DPS provides gain since it is a dynamic. So in a general sense, as more information is shared between CGs, or as dynamic operation is based on more information, the more portentaion gains is expected.  And the cost would be the higher UE complexity, since more information means heavier scheduling information shared between CGs. 
Observation 6: As more information shared between CGs, DPS may achieve more performance gain.

Thus, for a fair performance comparison, especially to be compared with semi-static power sharing, we may need to categorize dynamic power sharing schemes according to the required amount of informaions to be shared between CGs, or other parameters defining UE operational complexity. 
Proposal 4: For fair comparison, dynamic power sharing schemes need to be distinguished by the information to be sahred between CGs and the complexity to obtain the required information. 

Dynamic power sharing without look-ahead
If scheduling information about asynchronous UL transmission cannot be shared between cell groups, it has been shown by companies that tx power variantion would happen within the transmission which may cause phase discontinuouty issues. In this session, we would show another issue can happen without dynamic look ahead. 
NR- DC WID recommends to reuse power prioritization rule specified in NR CA when lack of transmission power happens. In corresponding specification, it is clarified that when lack of transmission power happens, UE can either drop the transmission or reduce the transmission power with low priority, according to UE’s decision. But in some case, transmission power reduction should not be allowed. For example, for SRS resource set transmission with SetUse = BeamManagement, the transmission power of all SRS resources should be kept the same not to cause misunderstanding on the beam L1-RSRP comparison at the gNb. Thus, if lack of transmission power happens at SRS transmission with SetUse = BeamManagement, UE should drop the transmission or reduce transmission power of other transmission. 
Observation 7: For a certain transmission, e.g., SRS with SetUse = BeamManagement, constant transmission power should be keept or hole transmission should be dropped.


[image: ]
< Figure 1. Example of partially overlapped SRS transmission >
Accoerding to Rel-15 CA transmission prioritization rue, SRS transmission has lower priority than other channel transmission in many cases, so overlapped SRS transmission with SetUse=BeamManagement would be droped when it is partially overllaed with other channel in asynchronous NR-NR DC or NR-NR DC with different numerology. If the exitence of partially overlapped channel is unknown at the transmission of SRS via the lack of information sharing, then UE would be forced to drop the SRS after the transmission of SRS already started, an impossible operation. 
A simple way of solution would be to make additional prioritization rule that in a case of partial overlap, the early transmission has higher priority than the later transmission. 
Observation 8: If scheduling information with asynchronous transmission cannot be shared between CGs, additional prioritization rule based on transmission starting time would be needed.

In a perspective of UE complexity, dynamic power sharing without look-ahead needs UE to performs transmission power adjustment during the transmission. If both power scaling and transmission drop is supported, we may need to compare the UE complexity to performs such sudden transmission power reduction/adjustment and the UE complexity to perform look-ahead.

Dynamic power sharing with look-ahead, but with limited scheduling information
 The most benefits of look-ahead would be that the UE can have a full understanding on the required transmission power before the transmission happens. Phase discontinuousty issue can be avoided, – whether it is severe or not-, UE does not need to performs sudden tx power adjustment during the UL transmission, and we can also simplify the power prioritization rule. 
Proposal 5: Rel-16 support dynamic power sharing with look-ahead and aims to keep constant transmission power during the UL transmission.

Considering the UE complexity, look-ahead window should be defined as the time internal somewhere earlier than the UL transmission with time offset. We need further discussion whether UE can support a small time offset by properly defining the information to be observed and shared between cell groups.
Proposal 6: Search window for look-ahed is defined by T_offset which is the minimum timing gab between transmission of UL on a CG and the reception of UL grant for the simultaneous transmission in the other CG, as shown in Figure 2.
· For further discusison whether smaller T_offset can be supproted by simplifying the informaiton to be observed by look-ahead and to be shared between cell groups.

[image: ]
< Figure 2, example of look-ahead window>

 It would be a natural assumption that the existence of UL transmission can be the least information to be shared between cell groups for dynamic power sharing.
Proposal 7: Rel-16 supports at least to look-ahead and share the exitence of UL grant and UL transmission between cell groups to determine transmission power at each cell group.

Dynamic power sharing with look-ahead with full scheduling information
With look-ahead, with high UE complexity, the same flexibility of power allocation would be achieved between cells in the same CG and cells in the different CGs. But such an optimization would not be a necessary thing, and such design should be avoided in Rel-16. Power control for dual connectivity should be composed by two separated part, inter-CG power sharing and power control within each CG. 
Proposal 8: Rel-16 NR DC specify a power control scheme composed by two separated parts, inter-CG power sharing and separated power control within each CG, instead of joint optimization of power control cross CGs.

 The gain of dynamic power sharing which fully sharing the scheduling information obtained by look-ahead may not need further discussion. But the concerns would be raised on the complexity of the implementation. To solve the complexity issue, if multiple operation modes are supported, one of the mode needs to be configured to support high gain but complexed operation of dynamic power sharing. 
Proposal 9: If multiple implementation options or modes are supported, dynamic power sharing with look-ahead which shares full scheduling information between cell groups is supported as one of the options/modes.

Conclusion
 In thie contribution we discuss a bit detilas of the power sharing schemes with different UE complexity. We have the observations as below..
Observation 1: Rel-15 NR CA does not clarify whether power sharing between cell groups are supported or not, since no prioritization rules are defined between MCG and SCG.
Observation 2: If two separated power control modes called semi-static and dynamic power sharing are supported, semi-static power sharing mode does not increase UE’s operational complexity compared with Rel-15 NR CA, while dynamic power sharing mode may or may not.
Observation 3: In a hierarchical netwoek, reduction of tx power in each CG can decrease overall performance gain of dual connectivity
Observation 4: Potential gains of advanced semi-static power sharing scheme is expected over simple semi-static power sharing schemes by supporting full power transmission.
Observation 5: Semi-static power sharing has limited ability to support high priority URLLC transmission.
Observation 6: As more information shared between CGs, DPS may achieve more performance gain.
Observation 7: For a certain transmission, e.g., SRS with SetUse = BeamManagement, constant transmission power should be keept or hole transmission should be dropped.
Observation 8: If scheduling information with asynchronous transmission cannot be shared between CGs, additional prioritization rule based on transmission starting time would be needed.
And based thes observations, we suggest following proposals.
Proposal 1: If implementation of dynamic power sharing cause severe UE complexity issue as in Rel-15, a UE or an operation mode supporting only semi-static power sharing needs to be specified.
Proposal 2: Full power transmission should be supported for any Cell groups.
Proposal 3: If semi-static power sharing mode is supported, over-written by dynamic power sharing or fast switching to dynamic power sharing should be supported.
Proposal 4: For fair comparison, dynamic power sharing schemes need to be distinguished by the information to be sahred between CGs and the complexity to obtain the required information. 
Proposal 5: Rel-16 support dynamic power sharing with look-ahead and aims to keep constant transmission power during the UL transmission.
Proposal 6: Search window for look-ahed is defined by T_offset which is the minimum timing gab between transmission of UL on a CG and the reception of UL grant for the simultaneous transmission in the other CG, as shown in Figure 2.
· For further discusison whether smaller T_offset can be supproted by simplifying the informaiton to be observed by look-ahead and to be shared between cell groups.
Proposal 7: Rel-16 supports at least to look-ahead and share the exitence of UL grant and UL transmission between cell groups to determine transmission power at each cell group.
Proposal 8: Rel-16 NR DC specify a power control scheme composed by two separated parts, inter-CG power sharing and separated power control within each CG, instead of joint optimization of power control cross CGs.
Proposal 9: If multiple implementation options or modes are supported, dynamic power sharing with look-ahead which shares full scheduling information between cell groups is supported as one of the options/modes.
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