3GPP TSG-RAN WG4 Meeting #94-e-bis
                                        R4-2004214
Electronic meeting, 20 – 30 April, 2020
Source: 
Ericsson
Title:                          Introduction of requirements for inter-band NR-DC in FR1
Agenda Item:
6.6.2
Document for:
Discussion
1 Introduction
In the ongoing WI “Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements” RAN1 has concluded UE Power control for NR-NR dual connectivity and reached the following agreements, the full list of agreements can be found in [1]:  
Agreements: Considering the following two alternatives for semi-static power sharing with [image: image2.png]
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· Alt.1: For the uplink transmission occasion 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 for any ongoing uplink transmission(s) and 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 [image: image6.png]


in MCG such that [image: image8.png]Duce = Pucc



; 

· Otherwise (i.e. collides with only semi-static ‘DL’ symbols on all CCs of SCG), [image: image10.png]
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· Alt.1-1:  [image: image18.png]
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  are configured by RRC signaling. 

· Alt.1-2:  [image: image22.png]
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  are determined by RAN4 requirement. 

· Alt.2: For the uplink transmission in MCG and in SCG, UE limits its actual transmission power [image: image26.png]
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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.

· Alt.2 of semi-static power sharing can be configured for both synchronous and asynchronous NR-DC scenarios. 
Note: Alt 2 in the agreements is semi-static mode 1 in the spec and Alt 1-2 in the agreements is semi-static mode2 in the spec. 
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. 

· Dynamic power sharing can be configured for both synchronous and asynchronous NR-DC scenarios subject to corresponding UE capability of dynamic power sharing

· A UE can report support of dynamic power sharing operation for synchronous NR-DC and/or asynchronous NR-DC. Details are up to UE feature discussion.
In this document we introduce requirements for inter-band NR-DC in FR1 for UEs configured with one cell per cell group.

2  Discussion
For inter-band NR-DC scenario, the UE is allowed to set its configured maximum output power PCMAX,f,c,MCG and PCMAX,f,c,SCG for the respective MCG and SCG and its total configured maximum output power for NR-DC operation  [image: image34.png]10log10 (PHR-PC"
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 as specified in clause 7.6.2 of [3]. The UE is configured with an inter-CG power sharing mode by NR-DC-PC-mode.The requirements apply for one uplink serving cell configured per CG and for asynchronous and synchronous NR-DC if not otherwise stated.
Unless otherwise stated, the configured maximum output power PCMAX,f,c,MCG (q) in physical-channel q for carrier f of serving cell c shall be set within the bounds if contained in the MCG,

PCMAX_L,f,c,MCG (q) ≤  PCMAX,f,c,MCG (q) ≤  PCMAX_H,f,c,MCG (q)
and the corresponding PCMAX_L,f,c,SCG (q) for a serving cell contained in the SCG,


PCMAX_L,f,c,SCG (q) ≤  PCMAX,f,c,SCG (q) ≤  PCMAX_H,f,c,SCG (q)
where PCMAX_L,f,c,MCG, PCMAX_H,f,c,MCG, PCMAX_L,f,c,SCG and PCMAX_H,f,c,SCG are the limits for a serving cell c as specified in clause 6.2.4 modified as follows:
PCMAX_L,f,c,MCG = MIN{MIN(PEMAX,c , PEMAX,NR-DC, PNR) – ∆TC,c, (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc)}

PCMAX_H,f,c,MCG = MIN{PEMAX,c, PEMAX,NR-DC, PNR, PPowerClass – ΔPPowerClass}
for the MCG and
PCMAX_L,f,c,SCG = MIN{MIN(PEMAX,c , PEMAX,NR-DC, PNR) – ∆TC,c, (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc)}

PCMAX_H,f,c,SCG = MIN{PEMAX,c, PEMAX,NR-DC, PNR, PPowerClass – ΔPPowerClass}
for the SCG, where

-
PEMAX,NR-DC is the value given by the field p-UE-FR1 of the PhysicalCellGroupConfig IE for the MCG as defined in [2];
-
PNR is the value given by the field p-NR-FR1 of the PhysicalCellGroupConfig IE as defined in [2];
2.1 Semi static power sharing 

For a UE provided with NR-DC-PC-mode = Semi-static-mode1, 
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 = MIN{PEMAX, NR-DC, PPowerClass} + 0.3 dB
with PPowerClass set to power class 3 in case the UE indicates a higher power class in any CG. The UE determines the maximum transmission power for the MCG and the SCG using the respective configured maximum power PCMAX,f,c,MCG and PCMAX,f,c,SCG. 
If for synchronous NR-DC operation a UE is provided NR-DC-PC-mode = Semi-static-mode2, the [image: image40.png]


 is determined as above and 
-
if at least one symbol of slot [image: image42.png]


 of the MCG/SCG 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 overlapping with slot [image: image44.png]


 of the SCG/MCG, the UE determines a maximum power for the transmission on the SCG/MCG overlapping with slot [image: image46.png]


 using the configured maximum power PCMAX,f,c,SCG or PCMAX,f,c,MCG for the SCG or MSG, respectively, 

-
otherwise (i.e. an ongoing transmission overlapping with slot [image: image48.png]


 of the SCG/MCG overlaps with only semi-static downlink symbols within slot [image: image50.png]


 of the MCG/SCG), the UE determines amaximum power for the transmission on MCG or the SCG overlapping with slot [image: image52.png]


 using the configured maximum power as specified in clause 6.2.4.

2.2 Dynamic power sharing

Dynamic power sharing is supported for both synchronous and non synchronous NR-DC based on UE capability.
As some part of dynamic power sharing is under discussion in RAN1. In 38.213, clause 7.6.2  needs revision given latest working assumption from  RAN1#100-e where look ahead/no look ahead UE capability is replaced by T_offset capability. Specification updates for this are expected in April RAN1 meeting. For now it can be skipped in RAN4 analysis.

Clause 7.6.2 from 38.213:
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 [image: image54.png]


 of the MCG overlap in time with UE transmission(s) in slot [image: image56.png]
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 in any portion of slot [image: image60.png]


 of the SCG, the UE reduces transmission power in any portion of slot [image: image62.png]


 of the SCG so that [image: image64.png]PR Yy L P Yy B
Prce (i) + Pz (i) < Prowy



 in all portions of slot [image: image66.png]
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 are the UE transmission powers in slot [image: image72.png]


 of the MCG and in slot [image: image74.png]


 of the SCG, respectively, that the UE determines according to Clauses 7.1 through 7.5 using [image: image76.png]
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, respectively, as the maximum transmission powers on the MCG and the SCG and [image: image80.png]


 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 [image: image82.png]


 of the MCG or in slot [image: image84.png]


 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 [image: image86.png]


 of the MCG or in slot [image: image88.png]


 of the SCG as described in [8-3, TS 38.101-3] and in Clauses 7.1 through 7.5 without considering [image: image90.png]
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, respectively

2.3 Measured configured maximum power 
The measured total maximum output power PUMAX over both CGs measured over the transmission reference time duration is


PUMAX = 10 log10 (pUMAX,c,MCG + pUMAX,c,SCG),
where pUMAX,c,MSG and pUMAX,c,SCG denote the measured output power of serving cells c contained in the respective MSG and SCG expressed in linear scale.
The measured total configured maximum output power PUMAX shall be within the following bounds:

PCMAX_L -TLOW (PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H + THIGH (PCMAX_H)

with the tolerances TLOW(PCMAX_H) and THIGH(PCMAX_H) for applicable values of PCMAX specified in Table 6.2B.4.1.3-2.

When a subframe p on the MSG overlap with a physical-channel q on the SCG, then for PUMAX evaluation, the subframe p on the MCG is taken as reference period TREF and always considered as the reference measurement duration and the following rules are applicable.
TREF and Teval are specified in Table 6.2B.4.1.3-1 when same or different subframe and physical-channel durations are used on the carriers. The PPowerClass shall not be exceeded by the UE during any evaluation period of time.

Table 6.2B.4.1.3-1: PCMAX evaluation window

	Transmission duration
	TREF
	Teval

	Different transmission duration in different CG carriers
	MCG subframe 
	MIN(Tno_hopping, Physical Channel Length)


For each TREF, the PCMAX_H is evaluated per Teval and given by the maximum value over the transmission(s) within the Teval as follows:


PCMAX_H  = MAX{PCMAX_NR-DC_H(p,q), PCMAX_NR-DC_H(p,q+1), … , PCMAX_NR-DC_H(p,q+n)}

where PCMAX_NR-DC_H entries are the applicable upper limits for each overlapping scheduling unit pairs (p,q), (p, q+1), up to (p, q+n) for each applicable Teval duration, where q+n is the last physical-channel on the SCG overlapping with subframe p on the MCG, while PCMAX_L is computed as follows:

PCMAX_L = MIN{PCMAX_NR-DC_L(p,q), PCMAX_NR-DC_L(p,q+1), … , PCMAX_NR-DC_L(p,q+n)}
where PCMAX_NR-DC_L entries are the applicable lower limits for each overlapping scheduling unit pairs (p,q), (p, q+1) up to (p, q+n) for each applicable Teval duration, where q+n is the last physical-channel on the SCG overlapping with subframe p on the MCG.
For a UE provided with NR-DC-PC-mode = Semi-static-mode1 and configured with pNR,MCG + pNR,SCG ≤ [image: image94.png]


 with pNR,MCG and pNR,SCG the values of the PNR for the respective MCG and SCG expressed in linear scale

PCMAX_NR-DC_L(p,q) = 10 log10 [pCMAX_L,f,c,MCG (p) + pCMAX_L,f,c,SCG (q)]


PCMAX_NR-DC_H(p,q) = 10 log10 [pCMAX_H,f,c,MCG (p) + pCMAX_H,f,c,SCG (q)]
with pCMAX_L,f,c,MCG, pCMAX_H,f,c,MCG, pCMAX_L,f,c,SCG, and pCMAX_H,f,c,SCG the values of the respective PCMAX_L,f,c,MCG, PCMAX_H,f,c,MCG, PCMAX_L,f,c,MCG, and PCMAX_H,f,c,SCG expressed in linear scale, while the measured configured maximum power PUMAX  for each CG shall meet the requirements as specified in subclause 6.2.4 but with bounds for PCMAX,f,c,MCG (p) and PCMAX,f,c,SCG  as specified in this subclause.
If for synchronized NR-DC a UE is provided with NR-DC-PC-mode = Semi-static-mode2 and configured with pNR,MCG + pNR,SCG ≤ [image: image96.png]


 with pNR,MCG and pNR,SCG the linear-scale values of the PNR for the respective MCG and SCG

PCMAX_NR-DC_L(p,q) = 10 log10 [pCMAX_L,f,c,MCG (p) + pCMAX_L,f,c,SCG (q), [image: image98.png]


]


PCMAX_NR-DC_H(p,q) = 10 log10 [pCMAX_H,f,c,MCG (p) + pCMAX_H,f,c,SCG (q), [image: image100.png]


]
while the measured configured maximum power PUMAX for each CG shall meet the requirements specified in Table 6.2.4-2 but with bounds for PCMAX,f,c,MCG (p) and PCMAX,f,c,SCG  as specified in this subclause except

-
if all symbols within subdrame p of the MCG or physical channel q of the SCG overlapping with a symbol for any ongoing transmission overlapping with physical channel q of the respective SCG or subframe p the MCG are indicated as downlink to a UE by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, if provided,

then the measured configured maximum power PUMAX for the transmission subframe p on the MCG or physical channel q on the SCG shall meet the requirements as specified in subclause 6.2.4 and with bounds for PCMAX,f,c,MCG (p) or PCMAX,f,c,SCG  as specified in subclause 6.2.4.

For a UE provided with NR-DC-PC-mode = Dynamic,

PCMAX_NR-DC_L(p,q) = 10 log10 [pCMAX_L,f,c,MCG (p) + pCMAX_L,f,c,SCG (q), [image: image102.png]


]


PCMAX_NR-DC_H(p,q) = 10 log10 [pCMAX_H,f,c,MCG (p) + pCMAX_H,f,c,SCG (q), [image: image104.png]


]
while the measured configured maximum power PUMAX on the MCG shall meet the requirements as specified in subclause 6.2.4-2 but with bounds for PCMAX,f,c,MCG (p) as specified in this subclause, and the PUMAX on the SCG shall be within

PCMAX_L,f,c  –  MAX{TL,c, T(PCMAX_L,f,c)}  ≤  PUMAX,f,c  ≤  PCMAX_H,f,c  +  T(PCMAX_H,f,c).

where 


PCMAX_L,f,c = MIN{PCMAX_L,f,c,MCG (p), 10 log10 ([image: image106.png]


 – pNR,MSG)}

PCMAX_H,f,c = MIN{PCMAX_H,f,c,MCG (p), 10 log10 ([image: image108.png]


 – pNR,MSG)}
with limits as specified in Table 6.2.4-2 and pNR,MCG the value of the PNR for the MCG expressed in linear scale.
Table 6.2B.4.1.3-2: PCMAX tolerance for NR-DC
	PCMAX(dBm)
	Tolerance
TLOW (PCMAX_L) (dB)
	Tolerance
THIGH (PCMAX_H) (dB)

	23 ≤ PCMAX ≤ 33
	[3.0]
	[2.0]

	22 ≤ PCMAX < 23
	[5.0]
	[2.0]

	21 ≤ PCMAX< 22
	[5.0]
	[3.0]

	20 ≤ PCMAX < 21
	[6.0]
	[4.0]

	16 ≤ PCMAX < 20
	[5.0]

	11 ≤ PCMAX < 16
	[6.0]

	-40 ≤ PCMAX < 11
	[7.0]

	NOTE 1:
For UEs provided with NR-DC-PC-mode = Semi-static-mode1 or with NR-DC-PC-mode = Semi-static-mode2 the upper tolerance Thigh shall be reduced by 0.3 dB for P ≥ 20 dBm.


3 Conclusions
In this document the requirement for inter-band NR-DC in FR1 for UEs configured with one cell per cell group are provied. We also have provided draftCR, R4-2004214, to capture the needed modifications in 38.101-1.
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