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During RAN1#98 meeting, the following two agreements have been achieved. The motivation of the first agreements is to reuse the existing product design/implementation to the most extent，in other words, to reduce the implementation impact. As for the two alternatives of semi-static power sharing in the second agreements, similar solutions have already been specified in EN-DC and NE-DC, respectively. 
In this contribution, we present our analysis and preference on dynamic power sharing and semi-static power sharing, respectively.
	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
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 



Dynamic power sharing
Framework of NR-DC power control solution
As discussed in our previous contribution [1], dynamic power sharing can also be operated to cover semi-static power sharing. From network perspective, one unified signaling framework for both dynamic power sharing and semi-static power sharing should suffice and it’s up to the network whether to adopt semi-static power sharing or dynamic power sharing. 
[bookmark: _GoBack]Furthermore, as discussed in the email discussion [96-NR-13], UE fragmentation, i.e., some UEs supports dynamic power sharing and some don’t, will greatly increase the network implementation complexity. Network has to implement different algorithms to cater for different UEs. From network perspective, it’s preferred that UEs supporting NR-DC can support dynamic power sharing mandatorily without capability signaling. Besides, UE with CA capability needs to perform power sharing between different CCs. From our perspective, it won’t increase much implementation complexity for UEs supporting CA to support dynamic power sharing for NR-DC.
Proposal 1: For Rel-16 NR-DC, support one unified signaling framework for both semi-static power sharing and dynamic power sharing and it’s up to the network whether to adopt semi-static power sharing or dynamic power sharing.
Proposal 2: UEs supporting NR-DC can support dynamic power sharing mandatorily without capability signaling.
Since NR supports flexible scheduling delay, different numerologies for CCs, and non-slot based PUSCH transmission, it is hard to consider all the overlapped transmissions across CGs. Considering that overlapping UL transmissions are likely to have different start and duration even for synchronous NR-DC, the asynchronous NR-DC is similar to synchronous NR-DC to some extent. From this angle, the finalized solution for NR-DC power sharing should be a common solution for both synchronous and asynchronous NR-DC.
In EN-DC and NE-DC, the LTE leg is always prioritized over NR leg due to the longer scheduling delay. As for NR-DC, how to determine the prioritization of each CG is a crucial issue since URLLC service may be configured in an arbitrary CG. It is worth noting that the statement “In case of same priority order and for operation with carrier aggregation, ……, prioritizes power allocation for transmissions on the PCell over transmissions on the PSCell” has been removed from TS38.213 in RAN1#96bis meeting since this is not related to CA power reduction rule [2][3]. In Rel-16, it may not be reasonable to always prioritize MCG over SCG since URLLC service may also be configured in SCG. 
For better adjusting the CG prioritization, CG prioritization can be determined by RRC time pattern or by the dynamic UL grant information. The detailed solution on CG prioritization determination is presented in Section 2.1.1. As for the signaling for power sharing, the maximum power is preferred in order to be consistent with the solutions for semi-static power sharing on the table. The maximum transmission power for each CG can be determined according to the CG prioritization and the configured maximum power for each CG. The detailed solution on determining maximum power for each CG is presented in Section 2.1.2.
CG prioritization determination
For NR-DC, both prioritization rule for CGs and prioritization rule for uplink channels/signals should be specified. UE first determines the prioritization of CGs and then determines the prioritization rule for uplink channels/signals. In RAN1#98 meeting, it has been agreed to reuse the existing CA power determination for uplink transmissions on CC(s) in a same CG. Thus, the prioritization rule for uplink channels/signals in Rel-16 is the same as that in Rel-15. In the following parts, we discuss how to determine the CG prioritization. 
For both EN-DC and NE-DC, the transmission power of NR is reduced in case of power limit. This is mainly because LTE has a longer scheduling delay (i.e., 4 ms) than NR. Thus, without modifying LTE spec, it is difficult to ask LTE to scale down its transmission power once it has already determined its transmission power. To some extent, LTE CG is prioritized over NR CG for both EN-DC and NE-DC.
As for NR-DC, how to determine the prioritization of each CG is a crucial issue since URLLC service may be configured in an arbitrary CG. It may not be reasonable to always prioritize MCG over SCG since URLLC service may also be configured in SCG. Furthermore, the description on CG prioritization rule, i.e., MCG is always prioritized over SCG, has been removed from TS38.213 [2][3]. In Rel-16, the CG prioritization rule for NR-DC needs to be further studied.
If MCG is always prioritized over SCG, network is likely to schedule all URLLC traffic in MCG, which is detrimental for traffic balance between MCG and SCG. To handle this issue, two possible solutions are present as below.
[image: ]
Figure 1. CG prioritization determination for NR-DC.
· CG prioritization pattern configured by RRC
RRC configures a time pattern for MCG and SCG to determine the prioritization. For example, as depicted in Figure 1, RRC configures a 10 ms period. Within the first 5 ms, MCG is prioritized over SCG; within the latter 5ms, SCG is prioritized over MCG. In this way, network can schedule the URLLC traffic in the prioritized CG instead of always scheduling in the MCG to balance the traffic between MCG and SCG.
· CG prioritization determined by dynamic UL grant
CG prioritization can also be determined according to the dynamic UL grant information. For example, the MCG is prioritized over SCG by default. If the URLLC traffic is scheduled in SCG, then SCG is prioritized over MCG. 
Proposal 3: For NR-DC in Rel-16, determine the CG prioritization by RRC time pattern or by the dynamic UL grant information.
Maximum power determination
Basically, the maximum power is equivalent to the minimum guaranteed power to some extent. In order to be compatible with the two semi-static power sharing solutions as listed in Section 1, configuring one set of maximum power is preferred. 
In EN-DC or NE-DC, PLTE and PNR are configured as the maximum transmission power for LTE leg and NR leg, respectively. In our solution, RRC configures one set of maximum transmission power, let’s say P1 and P2. Different from the EN-DC or NE-DC, the P1 and P2 are not merely for one CG. Whether MCG (or SCG) uses P1 or P2 as the maximum transmission power depends on the CG prioritization determination.
Assume that RRC configures one set of maximum transmission power, i.e., P1 and P2 (P1 <= P2). After determining the CG prioritization, if MCG is prioritized over SCG, then the maximum power for MCG is P2 and the maximum power for SCG is P1; if SCG is prioritized over MCG, then the maximum power for MCG is P1 and the maximum transmission for SCG is P2. Allocating the larger maximum power for the prioritized CG makes sense since network shall guarantee the transmission reliability of the prioritized CG.
Proposal 4: RRC configures P1 and P2 (P1 <= P2) as the maximum power for NR-DC power sharing. After determining the CG prioritization, P1 is regarded as the maximum power for the deprioritized CG and P2 is regarded as the maximum power for the prioritized CG.

Look-ahead operation
From our perspective, the definition of look-ahead operation is that UE can determine the power based on the UL grant that arrives later than the current UL grant before a specific cut-off time. With look-ahead, the power of an earlier-arrived UL grant can be adjusted based on another later-arrived UL grant.
For dynamic power sharing with a look-ahead operation, UE can prioritize all the overlapping uplink transmissions within a look-ahead window according to their importance, e.g., the prioritization rule agreed in Rel-15. For dynamic power sharing without a look-ahead operation, UE can only prioritize all the overlapping uplink transmission according to their arrival time, i.e., the uplink transmission with first arrived grant tends to have the highest priority. It is beneficial to support the look-ahead operation for dynamic power sharing.
Proposal 5: Support look-ahead operation for dynamic power sharing in Rel-16.
For NR, PDCCH with UL grant could be at any symbol and the scheduling delay and PUSCH time-domain lengths are various for different transmissions. As shown in Figure 2, there are 3 synchronous CCs, PUSCH TX (transmission) #1, PUSCH TX #2 and PUSCH TX #3 are scheduled by UL grant #1, UL grant #2 and UL grant #3 respectively. The time domain of PUSCH TX #1 is overlapped with PUSCH TX #2 and PUSCH TX #3. If point A is used as the time point to determine power for PUSCH #1, then PUSCH TX #2 and PUSCH TX #3 are not known to the UE at point A. If PUSCH TX #2 and #3 have the same or higher priority compared with PUSCH TX#1, it is NOT proper to allocate power for PUSCH TX #1 without considering PUSCH TX #2 and PUSCH TX #3. If point B is used as the time point to determine power for PUSCH #1, the scheduling of PUSCH TX #2 is known but PUSCH TX #3 is not known. If point C is used as the time point to determine power for PUSCH #1, the scheduling of PUSCH TX #2 and PUSCH TX #3 are both known to the UE. Therefore, 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. 
From our point of view, 0.5*Tproc,2 can be applied as the starting point for the cut-off time of look-ahead. Essentially, Tproc,2 contains two parts of time duration. The first part of time duration is mainly for UL grant processing and the second part of time duration is mainly for UL data preparation. These two parts of time duration are of the similar length, thus 0.5*Tproc,2 can be applied as the starting point of cut-off time for look-ahead operation. In other words, UE shall determine and apply its power 0.5*Tproc,2 before the beginning of the corresponding uplink transmission.
Proposal 6: The cut-off time of look-ahead operation is determined as an offset before the first symbol of one uplink transmission. 0.5*Tproc,2 can be applied as the starting point of cut-off time for look-ahead operation.

Figure 2. Illustration of timeline for determining power within one CG or across different CGs
The look-ahead offset is much related to UE implementation, it is hard to come up with one specific look-ahead offset for all UE implementations. To facilitate the progress of look-ahead, the look-ahead offset can be reported via UE capability. For example, four different level look-ahead operations can be defined by defining four different look-ahead offset capabilities, e.g., {0.5*Tproc,2, 0.7*Tproc,2 , 0.8*Tproc,2 , Tproc,2 }.
Proposal 7: Different look-ahead offsets can be reported via UE capability signaling.
Semi-static power sharing
According to the agreements listed in Section 1, two alternatives of semi-static power sharing have been discussed in last few meetings. The first alternative is to determine the maximum transmission power of one CG by taking the DL/UL formats in other CG into account, which has already been specified in NE-DC in Rel-15. 
Compared with Alt 2, Alt 1 provides better power utilization efficiency since it can use up to Pcmax as long as there is no overlapping UL slots in the other CG. As shown below, in NE-DC, only one set of RRC signaling is configured from network to UE, i.e., PLTE and PNR. If there is no potential uplink in NR, the UE determines a transmission power for SCG using PCMAX as the maximum transmission power. Thus, NR-DC can follow the same design, i.e., Alt1-2 can be supported.
Proposal 8: If semi-static power sharing is supported, Alt 1-2 can be supported.
	



If a UE is configured with a MCG using NR radio access and with a SCG using E-UTRA radio access, the UE is configured a maximum power  for transmissions in FR1 on the MCG by p-NR and a maximum power  for transmissions on the SCG by p-MaxEUTRA. The UE determines transmission power for the MCG in FR1 as described Subclauses 7.1 through 7.5 using  as the maximum transmission power for . The UE determines transmission power for the MCG in FR2 as described Subclauses 7.1 through 7.5. 

If the UE is not provided tdd-UL-DL-ConfigurationCommon for the MCG, the UE determines a transmission power for the SCG as described in [13, TS 36.213] using  as the maximum transmission power.


If at least one symbol of slot  of the MCG that is indicated as uplink or flexible by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated overlaps with subframe  of the SCG


-	for subframe , the UE determines a transmission power for the SCG as described in [13, TS 36.213] using  as the maximum transmission power 
otherwise 

-	the UE determines a transmission power for the SCG as described in [13, TS 36.213] using  as the maximum transmission power




It is worth noting that for NE-DC in Rel-15, the overlapping determination is based on the unit of one slot/subframe. Even there is only one uplink/flexible symbol of one NR slot overlapping with one LTE subframe, the UE applies  as the maximum transmission power for all this LTE subframe. For Alt1 of semi-static power sharing, whether to adopt slot-level or symbol-level overlapping determination should be further discussed.
Proposal 9: For Alt1 of semi-static power sharing, whether to adopt slot-level or symbol-level overlapping determination should be further discussed.
Conclusion
To sum up, we present the following proposals in this contribution.
Proposal 1: For Rel-16 NR-DC, support one unified signaling framework for both semi-static power sharing and dynamic power sharing and it’s up to the network whether to adopt semi-static power sharing or dynamic power sharing.
Proposal 2: UEs supporting NR-DC can support dynamic power sharing mandatorily without capability signaling.
Proposal 3: For NR-DC in Rel-16, determine the CG prioritization by RRC time pattern or by the dynamic UL grant information.
Proposal 4: RRC configures P1 and P2 (P1 <= P2) as the maximum power for NR-DC power sharing. After determining the CG prioritization, P1 is regarded as the maximum power for the deprioritized CG and P2 is regarded as the maximum power for the prioritized CG.
Proposal 5: Support look-ahead operation for dynamic power sharing in Rel-16.
Proposal 6: The cut-off time of look-ahead operation is determined as an offset before the first symbol of one uplink transmission. 0.5*Tproc,2 can be applied as the starting point of cut-off time for look-ahead operation.
Proposal 7: Different look-ahead offsets can be reported via UE capability signaling.
Proposal 8: If semi-static power sharing is supported, Alt 1-2 can be supported.
Proposal 9: For Alt1 of semi-static power sharing, whether to adopt slot-level or symbol-level overlapping determination should be further discussed.
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