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Introduction
In this contribution, we discuss remaining issues on uplink power control for NR-DC.
T_offset for dynamic power-sharing 
At the RAN1#99bis meeting, introduction of T_offset was agreed for dynamic power-sharing [1]. However, the exact value of the T_offset is not yet addressed.
	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



For a SCG transmission(s) starting at time T0, the UE needs to process following during the T_offset from the timing T0 – T_offset:
1. Compute the sum power of MCG transmission(s) that overlaps with the SCG transmission(s) starting at time T0 and then move forward to the step 2
2. Allocate power(s) among SCG transmission(s) starting at time T0 similar to UL-CA using the available power for the SCG transmission(s) identified in the step 1

[image: ]
Fig.1	Dynamic power-sharing with look-ahead.
T_offset should be long enough to process the cascaded step 1 and step 2 (i.e., step 2 cannot be executed until step 1 is completed). In principle, it is necessary to guarantee the minimum UE processing time for the minimum UE processing time for the SCG transmission(s) starting at time T0 and for any of the MCG transmission(s) overlapping with the SCG transmission starting at time T0.
As a nature of dual connectivity, at each MCG scheduling opportunity, MgNB does not know how exactly SgNB schedules uplink transmissions on SCG cells to the UE. Because of this, what MgNB can assume is the worst case of all the possible minimum UE processing time for SCG, meaning that MgNB cannot schedule MCG uplink transmissions overlapping a SCG transmission before the maximum possible UE processing time among all the possible UE processing time for a SCG transmission starting at time T0. As a simple example, if the SCG transmission starting at time T0 could be either a PUSCH without A-CSI or a PUSCH with A-CSI, then the MCG DCI scheduling MCG uplink transmission overlapping with the SCG transmission starting at time T0 cannot be after  . Therefore, requiring UE to be able to process dynamic power-sharing with T_offset shorter than the maximum possible UE processing time for a SCG transmission does not provide an insentive. 
MgNB can fully understand exact minimum UE processing time for MCG uplink transmission(s). However, actual UE processing time specified so far for a CG depends on various dynamic factors such as DCI indication and UCI multiplexing. For example, for ,   is 0 or 1 depending on whether the first symbol consists of DMRS only,  is 0 or BWP switching delay defined in TS38.133 depending on whether the DCI indicates BWP switching. When a UE has UCI feedback on the transmission occasion starting at time T0, the minimum processing time is , , , or . Making T_offset be variable based on these dynamic factors requires UE to adjust processing timeline (the step 1 described earlier) dynamically. Same as for SCG cells, T_offset should not be shorter than the maximum possible UE processing time among all the possible UE processing time for the MCG transmission that overlaps with the SCG transmission starting at time T0.
In summary, T_offset should be not smaller than the , where  denotes the maximum possible minimum UE processing time among all the possible UE processing time for a MCG transmission that overlaps with the SCG transmission starting at time T0, and  denotes the maximum possible minimum UE processing time among all the possible UE processing time for a SCG transmission starting at time T0. 
With the above, it is understood that UE processing capability 2 is not applicable to derive T_offset; in any case when a UE is configured with UE processing capability 2, the maximum possible minimum UE processing time corresponds to UE processing capability 1.
Proposal 1: T_offset = , where:
·  is the maximum UE processing time among any of the possible values from , , , , and/or  as specified in TS38.213 and TS38.214 based on the configurations for the MCG.
·  is the maximum UE processing time among any of the possible values from , , , , and/or  as specified in TS38.213 and TS38.214 based on the configurations for the SCG.

Handling of the capability for look-ahead operation
With the sufficiently duration for T_offset proposed in Section 2, a UE should be able to determine transmission power for each transmission occasion dynamically. Besides, by the MCG scheduling restriction from T_offset prior to the SCG transmission, a UE is not required to handle possible MCG transmission starting from a middle of a SCG transmission occasion. Taking these into account, now there is less motivation to introduce the separate optional UE capability to indicate the support of ’look-ahead’ operation.
Proposal 2: Merge the capability for look-ahead opration to the capability for dynamic power-sharing.

Handling of other than a DCI scheduling uplink transmission
For dynamic power-sharing, current spec describes such that the UE determines max transmission power on the SCG as , if the UE determines transmissions on the MCG with the transmission power . Then, the UE does not expect to have transmissions on the MCG that are scheduled by DCI after the T0 – T_offset. However, this does not address following:
1) Semi-statically configured uplink transmissions, e.g., P-/SP-CSI, P-/SP-SRS, CG-PUSCH
These transmissions are not scheduled by DCI. However, the transmissions according to higher layer configurations should be taken into account for determining the value of .

2) Group-TPC command by DCI format 2_2, or 2_3 for MCG transmission
These DCI formats do not schedule uplink transmissions but would impact on the value of . Therefore, these should be restricted to be before T0 – T_offset.

3) Uplink transmission cancellation by DCI format 2_4 for MCG transmission
This DCI format does not schedule uplink transmissions but would impact on the value of . However, the cancellation does not increase the MCG transmission power. Therfore, it is beneficial not to prohibit reception of DCI format 2_4 that cancells MCG transmission after T0 – T_offset, with allowing UE not to take into account the DCI 2_4 for  determination if it is after T0 – T_offset.

4) Slot format indication by DCI format 2_0 for MCG transmission
This DCI format does not schedule uplink transmissions but would impact on the value of , since it may cancel or trigger semi-static uplink transmissions. Therefore, the DCI format 2_0 should be restricted to be before T0 – T_offset.

5) Uplink transmission skip for MCG dynamic grant PUSCH/configured grant PUSCH due to 5.4.3.1.3 of TS38.321 
For configured grant PUSCH transmission occasion, the UE may or may not transmit the PUSCH. For dynamic grant PUSCH, the UE may skip the transmission if some conditions are met. These are specified in 5.4.3.1.3 of TS38.321. Since the transmission skip is a UE internal determination, it is not appropriate to specify the timeline. Although the skip might happen after T0 – T_offset, the UE should be allowed to keep the determined transmission power at T0 – T_offset even if the transmission is skipped according to 5.4.3.1.3 of TS38.321.

Proposal 3: For a MCG sum power determination that overlaps with a SCG transmission starting at time T0, following should be clear.
· Semi-statically configured uplink transmissions are taken into account for  determination.
· DCI formats that would impact on , other than DCI format 2_4, are only before T0 – T_offset.
· UE is not required to take into account DCI format 2_4 and UL transmission skip according to 5.4.3.1.3 of TS38.321 after T0 – T_offset for  determination.

Clarification on synchronous and asynchronous NR-DC operations
RAN1 has agreed that semi-static power-sharing mode 1 is applicable to both synchronous and asynchronous NR-DC operations, while mode 2 is applicable only to synchronous NR-DC operation. Considering that dynamic power-sharing is more advanced feature than the semi-static power-shaing mode 2, it should also only be synchronous NR-DC operation.
Proposal 4: Dynamic power-sharing is supported only for synchronous NR-DC operation.

Clarifications on PMCG and PSCG setting for semi-static power-sharing
For semi-static power-shaing, it should be clarified that a UE is not required to handle the configurations of PMCG + PSCG higher than the total avaliable UE transmission power.
[bookmark: _GoBack]Proposal 5: For semi-static power-sharing,  and  are configured such that   where  and  are the linear values of   or , respectively, and  is the linear value of a configured maximum transmission power for NR-DC operation.

Text proposal
In this section, text proposal for TS38.213 Section 7.6.2 to address proposals 1 – 5 is provided.

[bookmark: _Toc12021456][bookmark: _Toc20311568][bookmark: _Toc26719393][bookmark: _Toc29894824][bookmark: _Toc29899123][bookmark: _Toc29899541][bookmark: _Toc29917278]7.6.2	NR-DC
If a UE is configured with an MCG using NR radio access in FR1 or in FR2 and with a SCG using NR radio access in FR2 or in FR1, respectively, the UE performs transmission power control independently per cell group as described in Clauses 7.1 through 7.5.
If a UE is configured with an MCG and a SCG using NR radio access in FR1 and/or in FR2, the UE is configured a maximum power  for transmissions on the MCG by p-NR-FR1 and/or by p-NR-FR2 and a maximum power  for transmissions on the SCG by p-NR-FR1 and/or by p-NR-FR2 and with an inter-CG power sharing mode by NR-DC-PC-mode for FR1 and/or by NR-DC-PC-mode for FR2. The UE determines a transmission power on the MCG and a transmission power on the SCG per frequency range.
The UE expects to be provided NR-DC-PC-mode = Semi-static-mode2 or dynamic only for synchronous NR-DC operation [10, TS 38.133].	Comment by Qualcomm Incorporated: Proposal 4
If a UE is provided NR-DC-PC-mode = Semi-static-mode1, the UE determines a transmission power for the MCG or for the SCG as described in Clauses 7.1 through 7.5 using  or  as the maximum transmission power, respectively. The UE does not expect  where  and  are the linear values of   or , respectively, and  is the linear value of a configured maximum transmission power for NR-DC operation in FR1 as defined in [8-3, TS 38.101-3]	Comment by Qualcomm Incorporated: Proposal 5
If a UE is provided NR-DC-PC-mode = Semi-static-mode2
-	if at least one symbol of slot  of the MCG or of the SCG that is indicated as uplink or flexible to a UE by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, if provided, overlaps with a symbol for any ongoing transmission in slot  of the SCG or of the MCG, respectively, the UE determines a power for the transmission on the SCG or the MCG in slot  as described in Clauses 7.1 through 7.5 using  or , respectively, as the maximum transmission power
-	otherwise, the UE determines a transmission power for the MCG or the SCG, as described in [8-3, TS 38.101-3] and in Clauses 7.1 through 7.5 without considering  or , respectively
-	The UE does not expect .	Comment by Qualcomm Incorporated: Proposal 5
The UE expects to be provided NR-DC-PC-mode = Semi-static-mode2 only for synchronous NR-DC operation [10, TS 38.133].
If the UE indicates a capability for dynamic power sharing between the MCG and the SCG and is provided NR-DC-PC-mode = Dynamic	Comment by Qualcomm Incorporated: Proposal 2
-	if UE transmission(s) in slot  of the MCG overlap in time with UE transmission(s) in slot  of the SCG and if  in any portion of slot  of the SCG, the UE reduces transmission power in any portion of slot  of the SCG so that in all portions of slot , where  and  are the UE transmission powers in slot  of the MCG and in slot  of the SCG, respectively, that the UE determines according to Clauses 7.1 through 7.5 using  and , respectively, as the maximum transmission powers on the MCG and the SCG and  is the linear value of a configured maximum transmission power for NR-DC operation in FR1 as defined in [8-3, TS 38.101-3] 
-	if UE transmission(s) in slot  of the MCG or in slot  of the SCG do not overlap in time with any UE transmission(s) on the SCG or the MCG, respectively, the UE determines a transmission power in slot  of the MCG or in slot  of the SCG as described in [8-3, TS 38.101-3] and in Clauses 7.1 through 7.5 without considering  or , respectively
If a UE 
-	is provided NR-DC-PC-mode = Dynamic, and 
-	indicates a capability to determine a total transmission power on the SCG at a first symbol of a transmission occasion on the SCG by determining transmissions on the MCG that
-	are scheduled by DCI formats in PDCCH receptions with a last symbol that is earlier by more than  from the first symbol of the transmission occasion on the SCG, and 
-	overlap with the transmission occasion on the SCG 
the UE determines a maximum transmission power on the SCG at the beginning of the transmission occasion on the SCG as 	Comment by Qualcomm Incorporated: Proposal 3
-	, if the UE determines transmissions on the MCG with a  total powerwhere  is the transmission power for the MCG transmission that overlaps with the transmission occasion on the SCG, determined based on 
-	the higher layers, and/or
-	the DCI formats in PDCCH receptions with a last symbol that is earlier by more than  from the first symbol of the transmission occasion on the SCG
-	, if the UE does not determine any transmissions on the MCG
The UE does not expect to receive DCI formats other than DCI format 2_4 in PDCCH receptionshave transmissions on the MCG that 
-	are scheduled by DCI formats in PDCCH receptions with a last symbol that is earlier by less than or equal to  from the first symbol of the transmission occasion on the SCG, thatand
-	may change the value of the  for the MCG transmission that overlaps with the transmission occasion on the SCG
where  is given by	Comment by Qualcomm Incorporated: Proposal 1
-	, where  and  are the maximum of any possible timeline conditions from a PDCCH reception to the start of the corresponding uplink transmission specified in 5.4 and 6.4 of [TS 38.214] and in 9.2.5 of [TS 38.213] assuming the UE processing capability 1 over any of the serving cells in the MCG and SCG, respectively.

Conclusion
[bookmark: _Ref450583331]In this contribution, we discussed remaining issues for NR-DC power-control, and proposed the following.
Proposal 1: T_offset = , where:
·  is the maximum UE processing time among any of the possible values from , , , , and/or  as specified in TS38.213 and TS38.214 based on the configurations for the MCG.
·  is the maximum UE processing time among any of the possible values from , , , , and/or  as specified in TS38.213 and TS38.214 based on the configurations for the SCG.

Proposal 2: Merge the capability for look-ahead opration to the capability for dynamic power-sharing.

Proposal 3: For a MCG sum power determination that overlaps with a SCG transmission starting at time T0, following should be clear.
· Semi-statically configured uplink transmissions are taken into account for  determination.
· DCI formats that would impact on , other than DCI format 2_4, are only before T0 – T_offset.
· UE is not required to take into account DCI format 2_4 and UL transmission skip according to 5.4.3.1.3 of TS38.321 after T0 – T_offset for  determination.

Proposal 4: Dynamic power-sharing is supported only for synchronous NR-DC operation.

Proposal 5: For semi-static power-sharing,  and  are configured such that   where  and  are the linear values of   or , respectively, and  is the linear value of a configured maximum transmission power for NR-DC operation.

The corresponding text proposal is available in Section 7.

References
[1] 3GPP RAN1#99bis Chairman’s note.




8/8
image1.emf
Time

MCG CC

SCG CC

UL DCI

PUSCH

T0

T_offset

PUSCH

UL DCI

Before T0 –T_offset, NW may schedule

MCG UL that overlaps with the SCG PUSCH

After T0 –T_offset, NW does not schedule MCG UL 

that overlaps with the SCG PUSCH

Max power impact


