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1	Introduction 
In RAN1 #98-bis [1], the following contents are agreed:
Agreements:
Support dynamic power sharing 
· If there is no overlapping transmission, maximum power on CG i is determined by RAN4 spec without considering P_CG_i.
· If there is overlapping transmission, maximum power on CG i is limited to P_CG_i.
· Note: “look-ahead” operation is included as a UE capability below
· In case of power limitation, MCG is prioritized over SCG and reuse CA rule within each CG 
· Optional UE capability to indicate the support of dynamic power sharing operation 
Separate optional UE capability to indicate the support of ’look-ahead’ operation on condition that UE indicates support of dynamic power sharing operation.

In RAN1 #99 [2], the following contents are agreed:
Agreements:
· Alt.1-2 of semi-static power sharing can be configured for synchronous DC scenario only. 
· It is up to UE to determine whether the overlapping with UL transmission on the SCG is possible, if/when factors other than the TDD UL-DL configurations of the serving cells in the SCG (e.g., timing difference, drift) need to be taken into account.
Agreements:
· For NR-DC dynamic power sharing, to compute the transmit power for SCG UL transmission starting at time T0,
· UE checks for PDCCH(s) received before time T0-T_offset that trigger an overlapping MCG UL transmission, and 
· If such PDCCH(s) are detected, UE sets it’s transmit power in SCG (pwr_SCG) such that pwr_SCG <= min{PSCG, Ptotal – MCG tx power} where ‘MCG tx power’ is the actual transmission power of MCG
· Otherwise, pwr_SCG <= Ptotal;  
· UE does not expect to be scheduled by PDCCH(s) received on MCG after T0-[T_offset] that trigger(s) MCG UL transmission(s) that overlaps with the SCG transmission.  
· (working assumption) No new RRC signaling is introduced for T_offset: 
· Alt.1: T_offset <= T_proc,2
· Alt.2: T_offset <= 2*T_proc,2
· Alt.3: T_offset reasonbly larger than Alt 1. & Alt 2 but <=4ms
To be addressed in the CR stage

This tdoc focuses on the remaining details of dynamic power sharing for Rel-16 NN-DC.
2	Dynamic Power Sharing for NN-DC
2.1 Support of dynamic power sharing in NN-DC
In RAN1 #98bis meeting [1], it is agreed that dynamic power sharing is supported by UE capability. 
In RAN1 #99 meeting [2], it is agreed that Alt.1-2 of semi-static power sharing can be configured for synchronous DC scenario only.

It is noted that asynchronous DC is supportable with an architecture that has distinct hardware blocks belonging to the two cell groups. Since for dynamic power sharing, one CG also has to refer to the transmission status of another CG as Alt.1-2 of semi-static power sharing, while the operation is even more complicated, we have the following proposal:

Proposal 1: Dynamic power sharing can be configured for synchronous DC scenario only.


2.2 Look ahead operation

On top of dynamic power sharing, it is agreed in RAN1 98-bis [1] that support of look-ahead operation is supported as a separate UE capability. ‘Look-ahead’ is a kind of UE operation that can determine transmission power of a signal/channel at a given time instance  while taking into account the overlapped later UL transmissions that are scheduled by a DCI transmitted until time instance . In RAN1 #99 [2], it is agreed as a working assumption that· (working assumption) No new RRC signaling is introduced for T_offset: 
· Alt.1: T_offset <= T_proc,2
· Alt.2: T_offset <= 2*T_proc,2
· Alt.3: T_offset reasonbly larger than Alt 1. & Alt 2 but <=4ms

where T_proc,2 is defined in 38.214 [3] 6.4 UE PUSCH preparation procedure time as


where 
· If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1
· If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in TS 38.133, otherwise d2,2=0
· N2 is defined in TS38.214 Table 6.4-1 and Table 6.4-2:
[image: ]

Taking into account of possibly different numerology in NN-DC, using a conservative value Toffset = maxi{T_proc,2,i}, where T_proc,2,i means T_proc,2 of the i-th carrier or larger and apply the same Toffset for all carriers is a good choice. We hence have the following proposal:

Proposal 2: For CGs of different SCS in the same FR, let Toffset = maxi{T_proc,2,i}, where T_proc,2,i means T_proc,2 of the i-th carrier, or larger, and apply the same Toffset for all carriers, for the look-ahead operation of dynamic power sharing.

Besides, for now, it is not clear what is the corresponding UE behavior of dynamic power sharing without “look-ahead” operation for NN DC UL power control. From our perspective, there are two possible options:
· Option 1: For each CG, UE determines the transmission power of one UL transmission according to the CG power prioritization at the same time when UE received the corresponding scheduling DCI.
· 


Option 2: For each CG, UE determines the transmission power of one UL transmission according to the CG power prioritization in every symbol of transmission occasion i. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion i, the UE does not include power for transmissions starting after the symbol of transmission occasion i. A transmission occasion i is defined by a slot index  within a frame with system frame number SFN, a first symbol  within the slot, and a number of consecutive symbols . (Reusing the power control scheme of CA).


Proposal 3: Clarify the corresponding UE behavior of dynamic power sharing without “look-ahead” operation for NN DC UL power control between the two following options:
· Option 1: For each CG, UE determines the transmission power of one UL transmission according to the CG power prioritization at the same time when UE received the corresponding scheduling DCI.
· 


Option 2: For each CG, UE determines the transmission power of one UL transmission according to the CG power prioritization in every symbol of transmission occasion i. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion i, the UE does not include power for transmissions starting after the symbol of transmission occasion i. A transmission occasion i is defined by a slot index  within a frame with system frame number SFN, a first symbol  within the slot, and a number of consecutive symbols . (Reusing the power control scheme of CA).


2.3 UE features

There is an ongoing email discussion for Rel-16 UE features:This is a document for email discussion/approval for Rel-16 NR UE features according to following chairman’s note at RAN1 #99 meeting. The updated Rel-16 NR UE features are provided by rapporteurs for each Rel-16 NR WI based on R1-1911751 which is an outcome of the first round of discussion on Rel-16 NR UE features after RAN1 #98bis meeting. Companies are encouraged to check the updates and to provide feedbacks if any.
Email discussion/approval for Rel-16 NR UE features till next meeting – Hiroki/Xiaoyi


where the feature “UL power sharing for DC” is indexed by 18-1 with the following description:Absence means DC not supported. UE supporting DC must indicate support for at least 1 UL power sharing scheme. Indication for support of any combination of the schemes needs to be possible.
{semi-static, dynamic without lookahead, dynamic with lookahead}. TBD if semi-static to be split in two modes.

During the discussion of Rel-16 UL power control for NN-DC, two semi-static power sharing methods (Alt. 1-2 and Alt. 2) are supported as shown below:RAN1-98 (August 2019)
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:

· [Offline consensus] 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 

RAN1-98bis (October 2019)
Agreements:
· Adopt Alt.1-2 and Alt.2 for semi-static power sharing for NR-NR DC.
· Alt.1-2 is only subject to configured maximum transmission power defined by RAN4 
· Configuration between Alt.1-2 and Alt.2 is supported.
· FFS: add more clarification
FFS: applied for synchronous DC only or applied for both synchronous and asynchronous DC (which may be the same or different for Alt.1-2 and Alt. 2)


[bookmark: _GoBack]Therefore, for FG18-1, semi-static should be split into two modes {semi-static-mode1 (Alt. 2), semi-static-mode2 (Alt. 1-2)}, and UE supporting Rel-16 MR-DC/CA must support semi-static-mode1 and indicate whether it can further support other UL power sharing schemes. 

Proposal 4: For FG18-1, split “semi-static” into two modes {semi-static-mode1 (Alt. 2), semi-static-mode2 (Alt. 1-2)}, and UE supporting Rel-16 MR-DC/CA must support semi-static-mode1 and indicate whether it can further support other UL power sharing schemes.

3	Summary 
In this contribution, we focus on the discussions for dynamic power sharing for Rel-16 NN-DC:

Proposal 1: Dynamic power sharing can be configured for synchronous DC scenario only.

Proposal 2: For CGs of different SCS in the same FR, let Toffset = maxi{T_proc,2,i}, where T_proc,2,i means T_proc,2 of the i-th carrier, or larger, and apply the same Toffset for all carriers, for the look-ahead operation of dynamic power sharing.

Proposal 3: Clarify the corresponding UE behavior of dynamic power sharing without “look-ahead” operation for NN DC UL power control between the two following options:
· Option 1: For each CG, UE determines the transmission power of one UL transmission according to the CG power prioritization at the same time when UE received the corresponding scheduling DCI.
· 


Option 2: For each CG, UE determines the transmission power of one UL transmission according to the CG power prioritization in every symbol of transmission occasion i. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion i, the UE does not include power for transmissions starting after the symbol of transmission occasion i. A transmission occasion i is defined by a slot index  within a frame with system frame number SFN, a first symbol  within the slot, and a number of consecutive symbols . (Reusing the power control scheme of CA).

Proposal 4: For FG18-1, split “semi-static” into two modes {semi-static-mode1 (Alt. 2), semi-static-mode2 (Alt. 1-2)}, and UE supporting Rel-16 MR-DC/CA must support semi-static-mode1 and indicate whether it can further support other UL power sharing schemes.

Reference
Chairman’s Notes, RAN1 #98-bis.
Chairman’s Notes, RAN1 #99.
3GPP TS 38.214, Physical layer procedures for data
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Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1

H PUSCH preparation time N2 [symbols]
0 10
1 12
2 23
3 36

Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2

y2i PUSCH preparation time N2 [symbols]
0 5

1 55

2

11 for frequency range 1
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