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Introduction
[bookmark: _Ref178064866]In this document we discuss remaining issues related to specification of uplink power control for NR-DC and propose some corrections to TS 38.213.
Discussion
Dynamic Power Sharing

RAN1 sent LS to RAN2 asking input related to working assumption on UE capability signaling for T_offset in [1] (see Annex A). One major concern (discussed in previous meeting) with the working assumption in the LS is that MN is required to understand SCG configuration to properly use T_offset and RAN2 will be discussing this issue.
In addition to above issue, following additional issues need to be addressed for specifying NR-DC dynamic power sharing
Issue 1: Removal of earlier text on dynamic power sharing
It was clarified in the WA sent to RAN2 that first value of T_offset UE capability corresponds to – “DPS without look-ahead” and second value corresponds to -- “DPS with look-ahead”. Given this clarification, below text in 38.213 should be removed as there is no agreement for supporting the corresponding behavior and below text was present in the specs before details of dynamic power sharing UE behavior were finalized.  
“
-	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
“
Corresponding example TP is shown below

Proposal 1:
· Align 38.213 text to reflect the current WA that first value of T_offset UE capability corresponds to “DPS without look-ahead” and second value corresponds to “DPS with look-ahead”, and there is no additional UE behavior for with/without ‘look ahead’ cases.

---------------------------- start TP1 to sub clause 7.6.2 of 38.213v16.1.0 ---------------------------------
<.. unchanged text omitted >

If the UE indicates a capability for dynamic power sharing between the MCG and the SCG and is provided NR-DC-PC-mode = Dynamic
-	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 indicates a capability for dynamic power sharing between the MCG and the SCG and
-	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 
-	, if the UE determines transmissions on the MCG with a  total power
-	, if the UE does not determine any transmissions on the MCG
where
-	,
-	 and  is the maximum of , , , , and  based on the configurations on the MCG and the SCG, respectively, when the UE indicates a first value for the capability, and
-	 and  is the maximum of , , ,  based on the configurations on the MCG and the SCG, respectively, when the UE indicates a second value for the capability.
and Tthe UE does not expect to have 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, and
-    overlap with the transmission occasion on the SCG
---------------------------- end TP1 ---------------------------------

Issue 2: Handling of TPC commands in DCI format 2-2, 2-3

The UE does not expect to have 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, and
-  overlap with the transmission occasion on the SCG
Above text was added to 38.213 so that when UE computes the transmit power for an SCG transmission starting at T0, it need not consider MCG grants assignments received within time T0-T-offset to T0. 
However, the text does not cover the possibility of UE receiving a TPC command on MCG within T0-T-offset that changes power of an overlapping MCG transmission overlapping with the SCG transmission starting at T0. 
This can happen e.g. when the overlapping MCG transmission is triggered by a configured grant, and a DCI format 2_2 based TPC command is received by the UE between time T0-T-offset and T0.  
We propose the following to address the above issue

Proposal 2: 
· When UE has an SCG UL transmission and an overlapping MCG UL transmission, then for adjusting the power of the MCG UL transmission 
· the UE shall only consider TPC commands that are provided by DCI format 2-2, 2-3 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

Corresponding example TP is shown below
---------------------------- start TP2 to sub clause 7.6.2 of 38.213v16.1.0 ---------------------------------
<.. unchanged text omitted >

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 
-	, if the UE determines transmissions on the MCG with a  total power
-	, if the UE does not determine any transmissions on the MCG
where
-	,
-	 and  is the maximum of , , , , and  based on the configurations on the MCG and the SCG, respectively, when the UE indicates a first value for the capability, and
-	 and  is the maximum of , , ,  based on the configurations on the MCG and the SCG, respectively, when the UE indicates a second value for the capability.
The UE does not expect to have 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, and
-  overlap with the transmission occasion on the SCG
and if the UE has a transmission on MCG that overlaps with the transmission occasion on the SCG, for adjusting the transmission power of the MCG transmission, the UE shall only consider TPC commands that are provided by DCI format 2-2, 2-3 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.

---------------------------- end TP2 -----------------------------------------------------------------------------------

Issue 3: Removing  for second T-offset capability
The two values of T_offset capability are defined such that only difference between them is lack of  in T-offset computation for 2nd value compared to that of 1st value. However, the values for Tproc,CSI and Tmux,CSI seem to be not very different, with latter being just slightly bigger, e.g. by 2 symbols in 15/30 kHz numerology. 


Tproc,CSI : 
[image: ], with [image: ] for [image: ], [image: ] for [image: ] and [image: ] for [image: ]

	
	Tproc,CSI
	T^mux_proc,CSI

	15 kHz
	10 to 40 symbols   ( 0.7 to 2.85 ms)
	12 to 42 symbols   ( 0.85 to 3 ms)

	30 kHz
	13 to 72 symbols ( 0.46 to 2.57 ms)
	15 to 74 symbols ( 0.5 to 2.57 ms)



Given the above, there is not sufficient distinction warranting two values for the capabilities – therefore, the working assumption should be updated to revise the second value for the capability. Two options exist for the second value of capability - 1) UE reports a numerical value as the second capability (e.g in absolute ms), or 2) update the expression for the second value for the UE capability. Given RAN2 feedback is pending on the overall working assumption, it is proposed to revise the working assumption as per latter option. 

Proposal 3
·   is not included in  definition when UE indicates second value of UE capability.

Corresponding example TP is shown below
---------------------------- start TP3 to sub clause 7.6.2 of 38.213v16.1.0 ---------------------------------
<.. unchanged text omitted >

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 
-	, if the UE determines transmissions on the MCG with a  total power
-	, if the UE does not determine any transmissions on the MCG
where
-	,
-	 and  is the maximum of , , , , and  based on the configurations on the MCG and the SCG, respectively, when the UE indicates a first value for the capability, and
-	 and  is the maximum of , , ,  based on the configurations on the MCG and the SCG, respectively, when the UE indicates a second value for the capability.
The UE does not expect to have 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, and
-	overlap with the transmission occasion on the SCG
---------------------------- end TP3 -----------------------------------------------------------------------------------

Issue 4: Handling UL slot aggregation on SCG

The UE does not expect to have 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, and
-  overlap with the transmission occasion on the SCG
The MCG will be unaware of activity on SCG transmission and will have to assume worst case for SCG transmission length while scheduling MCG UL transmissions. Due to this, if SCG UL transmissions span multiple slots, the current specification text (i.e., above part) results in severe restrictions on MCG UL scheduling. 

[image: ]
Figure 1
[image: ]
Figure 2
For example, considering Figure 1 above, if the UE has an SCG UL transmission U1 spanning multiple slots, then MCG cannot schedule an uplink transmission U2m since Toffset is considered from “start of SCG UL transmission”. So, when the SCG transmission spans multiple slots, the Toffset restriction has to be effectively extended by the maximum number of slots allowed by slot aggregation. However, from UE perspective, it should be able to take U2m into account as long as P2m occurs Toffset ahead of start of second slot of U1. i.e., if there were two separate SCG UL transmissions U1 and U2 (as shown in Figure 2), the UE anyway has to support that case.
To address the above issue, we propose that Toffset is applies on a per-SCG slot basis. 
Proposal 4
·  is applied on per-SCG slot basis

Corresponding example TP is shown below
---------------------------- start TP4 to sub clause 7.6.2 of 38.213v16.1.0 ---------------------------------
<.. unchanged text omitted >

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 in each slot on the SCG as 
-	, if the UE determines transmissions on the MCG with a  total power
-	, if the UE does not determine any transmissions on the MCG
where
-	,
-	 and  is the maximum of , , , , and  based on the configurations on the MCG and the SCG, respectively, when the UE indicates a first value for the capability, and
-	 and  is the maximum of , , ,  based on the configurations on the MCG and the SCG, respectively, when the UE indicates a second value for the capability.
and for each slot of SCG UL transmission occasion, Tthe UE does not expect to have 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 in the slot on the SCG, and
-   overlap with the slot of the transmission occasion on the SCG
---------------------------- end TP4 -----------------------------------------------------------------------------------

Conclusions
In this document, we discuss the framework for NR-NR DC power control and propose the following

Proposal 1:
· Align 38.213 text to reflect the current WA that first value of T_offset UE capability corresponds to “DPS without look-ahead” and second value corresponds to “DPS with look-ahead”, and there is no separate UE behavior for with/without ‘look ahead’ cases.

Proposal 2: 
· When UE has an SCG UL transmission and an overlapping MCG UL transmission, then for adjusting the power of the MCG UL transmission 
· the UE shall only consider TPC commands that are provided by DCI format 2-2, 2-3 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
Proposal 3
·   is not included in  definition when UE indicates second value of UE capability.

Proposal 4
·  is applied on per-SCG slot basis

A consolidated example TP reflecting above proposals is shown below (separate TPs are shown in section 2)

---------------------------- start consolidated TP1-TP4 to sub clause 7.6.2 of 38.213v16.1.0 -----------------------------
<.. unchanged text omitted >

If the UE indicates a capability for dynamic power sharing between the MCG and the SCG and is provided NR-DC-PC-mode = Dynamic
-	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 indicates a capability for dynamic power sharing between the MCG and the SCG and
-	is provided NR-DC-PC-mode = Dynamic, and 
[bookmark: _GoBack]-	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 in each slot on the SCG as 
-	, if the UE determines transmissions on the MCG with a  total power
-	, if the UE does not determine any transmissions on the MCG
where
-	,
-	 and  is the maximum of , , , , and  based on the configurations on the MCG and the SCG, respectively, when the UE indicates a first value for the capability, and
-	 and  is the maximum of , , ,  based on the configurations on the MCG and the SCG, respectively, when the UE indicates a second value for the capability.
and for each slot of SCG UL transmission occasion, Tthe UE does not expect to have 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 slot of the transmission occasion on the SCG, and
-    overlap with the slot of the transmission occasion on the SCG
and if the UE has a transmission on MCG that overlaps with the transmission occasion on the SCG, for adjusting the transmission power of the MCG transmission, the UE shall only consider TPC commands that are provided by DCI format 2-2, 2-3 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.

---------------------------- end consolidated TP1-T4 ---------------------------------
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Annex A

Below is the WA assumption that RAN1 sent RAN2 for review in R1-2001421


RAN1 would like to inform RAN2 the following working assumption made in the RAN1 #100-e meeting: 
	Update the previous agreement as follows (changes in red):

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 , 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.
· This is the “DPS without look-ahead”.
· Alt.2: T_offset =<= 2*T_proc,2, 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.
· This is the “DPS with look-ahead”.
· Alt.3: T_offset reasonbly larger than Alt 1. & Alt 2 but <=4ms
· To be addressed in the CR stage
· A UE reports the UE capability of Alt.1 and/or Alt.2.
· Details up to UE feature list discussion
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