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1.	Introduction
At RAN5#83 meetings there have been discussions on how to test the absolute power control requirements defined in core specification TS 38.101-2. Nevertheless, at RAN5#84 agreed on testing the absolute power control requirements, using indirectly P0 and alpha parameters method but not the parameters. However, at RAN5#85 meeting we agreed expected measured power values for test point 1 and test point 2, but we were not able to agree on the expected measured power value for test point 3 because companies needed more time to check candidate values for test point. 
With that being said, in this contribution we further investigate the candidates for test point 3 and provide our preference. 
2.	Core Requirements of Power Control for CA
For absolute power control for CA, the requirements apply to a UE when it has at least one of UL or DL configured for CA operation. The requirements on power control accuracy in CA operation apply under normal conditions and are defined as a directional requirement. The requirements are verified in beam locked mode on beam peak direction. The requirements apply for one single PUCCH, PUSCH or SRS transmission of contiguous PRB allocation per configured UL CC with power setting in accordance with core specification TS 38.213, clause 7.1 [3].

Uplink power control determines a power for PUSCH, PUCCH, SRS and PRACH transmissions. A UE does not expect to simultaneously maintain more than four path-loss estimates per serving cell c for all PUSCH/PUCCH/SRS transmissions, as defined in TS 38.213[3]. If a UE transmit a PUSCH transmission using parameter set configuration and PUSCH power control adjustment state, then the UE determines the PUSCH transmission power  in PUSCH transmission.
2.1	Physical Uplink Shared Channel (PUSCH)
PUSCH transmission(s) can be dynamically scheduled by an uplink grant in a DCI, or the transmission can correspond to a configured grant Type 1: configured grant Type 1 PUSCH transmission is semi-statically configured to operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of an UL grant in a DCI or Type 2: configured grant Type 2 PUSCH transmission is semi-persistently scheduled by an uplink grant in a valid activation DCI [5]. The core requirements in TS 38.213 [3] defines the physical uplink shared channel (PUSCH) below.








For a PUSCH transmission on active UL BWP , as described in TS 38.213, clause 12 [3], of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in TS 38.213, clause 7.1.1 [3]. If the PUSCH transmission is scheduled by a DCI format 0_1 and when txConfig in PUSCH-Config is set to 'codebook', the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 







If a UE transmits a PUSCH on active UL BWP  of carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , the UE determines the PUSCH transmission power  in PUSCH transmission occasion  as








 [dBm]
where,




-	is the UE configured maximum output power defined in 8-1, TS 38.101-1, 8-2, TS38.101-2 and 8-3, TS38.101-3 for carrier  of serving cell  in PUSCH transmission occasion .




-	 is a parameter composed of the sum of a component  and a component  where . 






-	 is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  and  is a SCS configuration defined in TS 38.211 [4].


-	, where  is a set of non-negative integers. 

-	For 



-	For ,  is a value of msg3-Alpha, when provided; otherwise, 





-	For ,  is provided by alpha obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig providing an index P0-PUSCH-AlphaSetId to a set of P0-PUSCH-AlphaSet for active UL BWP  of carrier  of serving cell .





-	For , a set of  values are provided by a set of alpha in P0-PUSCH-AlphaSet indicated by a respective set of p0-PUSCH-AlphaSetId for active UL BWP  of carrier  of serving cell .


-	is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index [image: ] for the active DL BWP, as described in TS 38.213, clause 12 [3], of serving cell .








-	 for  and  for  where  is provided by deltaMCS for each UL BWP  of each carrier  and serving cell .





-	For the PUSCH power control adjustment state  for active UL BWP  of carrier  of serving cell  in PUSCH transmission occasion 





-	 is a TPC command value included in a DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  or jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, as described in TS 38.213, clause 11.3 [3].


























As discussed at RAN5#85 meeting, the  parameters as defined in TS 38.213, clause 7.1.1 [3] was needed for characterizing a PUSCH transmission in regards to testing FR2 absolute power control tolerance RAN4 requirements. The parameters discussed are briefly listed below:
· 
which is the UE configured maximum output power.
· 



 which is a parameter composed of the sum of a component  and a component  where .
· 

 which is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for PUSCH transmission occasion .
· 
which is the representation of the configuration for p0 and alpha.
· 
which is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index [image: ].
· 




 for  and  for  where  is provided by deltaMCS. It is used to indicate whether or not to apply deltaMCS.
· 
which is used for the PUSCH power control adjustment state.

The parameter of “” for PUSCH transmission is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement. The total configured UE maximum output power can be set such that the corresponding measured total peak EIRP PUMAX is within a certain boundary as specified for the UE power class based on EIRPmax.




The parameter of “” for PUSCH transmission is defined as a parameter composed of the sum of a component  and a component  where . There are several conditions to consider with how this parameter is determined: 
1) 



, (where  and are provided by higher layers) if a UE is not provided P0-PUSCH-AlphaSet or for a PUSCH transmission scheduled by a RAR UL grant and . Note: j=0; 
2) 


 is provided by p0-NominalWithoutGrant (only even values “step size 2” allowed) and is provided by p0 (in steps of 1dB) obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig that provides an index P0-PUSCH-AlphaSetId to a set of P0-PUSCH-AlphaSet, when a PUSCH (re)transmission is configured by ConfiguredGrantConfig. Note:;
3) 


if p0-NominalWithoutGrant is not provided and is provided by by p0 (in steps of 1dB) obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig that provides an index P0-PUSCH-AlphaSetId to a set of P0-PUSCH-AlphaSet, when a PUSCH (re)transmission is configured by ConfiguredGrantConfig. Note:;
4) 



(where j contains a set “SJ”) is provided by p0-NominalWithGrant (only even values “step size 2” allowed) or  if p0-NominalWithGrant is not provided and a set of values are provided by a set of p0 (in steps of 1dB) in P0-PUSCH-AlphaSet that represent a set of P0-PUSCH-AlphaSetId when there is a set of values provided for j.  Note: .


The parameter of  “” for PUSCH transmission is defined as the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for PUSCH transmission occasion.

The parameter of “” for PUSCH transmission is defined as the alpha parameter. There are several conditions to consider with how this parameter is determined:
1) 

 is a value of msg3-Alpha, when provided; otherwise, ; Note j=0;
2) 
 is provided by alpha obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig providing an index P0-PUSCH-AlphaSetId to a set of P0-PUSCH-AlphaSet. Note: j=1;
3) 

A set of  values are provided by a set of alpha in P0-PUSCH-AlphaSet that represent a set of p0-PUSCH-AlphaSetId when there is a set of values provided for j. Note: .

The parameter of “” for PUSCH transmission is defined as a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index [image: ]. There are several conditions to consider with how this parameter is determined:
1) 
If the UE is not provided PUSCH-PathlossReferenceRS or before the UE is provided dedicated higher layer parameters, then the UE calculates  using a RS resource from the SS/PBCH block that the UE uses to obtain MIB.
2) If the UE is configured with a number of RS resource indexes (up to the value of maxNrofPUSCH-PathlossReferenceRSs) and a respective set of RS configurations for the number of RS resource indexes by PUSCH-PathlossReferenceRS, the set of RS resource indexes can include one or both of a set of SS/PBCH block indexes.
3) 
If the PUSCH transmission is scheduled by a RAR UL grant, then the UE uses the same RS resource index   as for a corresponding PRACH transmission.
4) If the UE is provided SRI-PUSCH-PowerControl and more than one values of PUSCH-PathlossReferenceRS-Id, the UE obtains a mapping from sri-PUSCH-PowerControlId in SRI-PUSCH-PowerControl between a set of values for the SRI field in DCI format 0_1 and a set of PUSCH-PathlossReferenceRS-Id values. 
5) 
If the PUSCH transmission is scheduled by a DCI format 0_0, and if the UE is provided a spatial setting by PUCCH-Spatialrelationinfo for a PUCCH resource with a lowest index, then the UE uses the same RS resource index  as for a PUCCH transmission in the PUCCH resource with the lowest index.
6) 
If the PUSCH transmission is scheduled by a DCI format 0_0 and if the UE is not provided a spatial setting for a PUCCH transmission, or by a DCI format 0_1 that does not include a SRI field, or if SRI-PUSCH-PowerControl is not provided to the UE, the UE determines a RS resource index  with a respective PUSCH-PathlossReferenceRS-Id value being equal to zero where the RS resource.
7) 
For a PUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included in ConfiguredGrantConfig , a RS resource index  is provided by a value of pathlossReferenceIndex included in rrc-ConfiguredUplinkGrant.
8) 

For a PUSCH transmission configured by ConfiguredGrantConfig that does not include rrc-ConfiguredUplinkGrant, the UE determines a RS resource index  from a value of PUSCH-PathlossReferenceRS-Id that is mapped to a SRI field value in a DCI format activating the PUSCH transmission. If the DCI format activating the PUSCH transmission does not include a SRI field, the UE determines a RS resource index  with a respective PUSCH-PathlossReferenceRS-Id value being equal to zero.
9) 
= referenceSignalPower (higher layer filtered RSRP), where referenceSignalPower is provided by higher layers and RSRP for the reference serving cell and the higher layer filter configuration provided by QuantityConfig for the reference serving cell.
10) If the UE is not configured periodic CSI-RS reception, referenceSignalPower is provided by ss-PBCH-BlockPower. If the UE is configured periodic CSI-RS reception, referenceSignalPower is provided either by ss-PBCH-BlockPower or by powerControlOffsetSS providing an offset of the CSI-RS transmission power relative to the SS/PBCH block transmission power. If powerControlOffsetSS is not provided to the UE, the UE assumes an offset of 0 dB.







The parameter of “” for PUSCH transmission is defined as  for  and  for , where  is provided by deltaMCS. If the PUSCH transmission is over more than one layer, .


The parameter of “” for PUSCH transmission is defined as the PUSCH power control adjustment state in PUSCH transmission occasion . There are several conditions to consider with how this parameter is determined:
1) 

For the PUSCH power control adjustment state  in PUSCH transmission occasion 
a) 

 is a TPC command value included in a DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission occasion  or jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI.
2) 


 is the PUSCH power control adjustment state  and PUSCH transmission occasion , when the UE is not provided tpc-Accumulation.
a) 
The  values are given in Table 3.1-1.
b) 












 is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUSCH transmission occasion  and  symbols before PUSCH transmission occasion  for PUSCH power control adjustment state , where  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion 
c) 
If a PUSCH transmission is scheduled by a DCI format 0_0 or DCI format 0_1,  is a number of symbols after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission 
d) 


If a PUSCH transmission is configured by ConfiguredGrantConfig,  is a number of  symbols equal to the product of a number of symbols per slot, , and the minimum of the values provided by k2 in PUSCH-ConfigCommon 
e) 


If the UE has reached maximum power at PUSCH transmission occasion  and , then 
f) 


If UE has reached minimum power at PUSCH transmission occasion  and , then 
g) 
A UE resets accumulation of a PUSCH power control adjustment state 
3) 


 is the PUSCH power control adjustment state and PUSCH transmission occasion , when the UE is provided tpc-Accumulation.
a) 
The  values are given in Table 3.1-1.


Table 3.1-1: Mapping of TPC Command Field in DCI format 0_0, DCI format 0_1, or DCI format 2_2, with CRC scrambled by TPC-PUSCH-RNTI, or DCI format 2_3, to absolute and accumulated  values or  values 
	TPC Command Field 
	Accumulated [image: ] or [image: ] [dB]
	Absolute [image: ] or [image: ] [dB] 

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4




 is a TPC command field included in a DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission. The [image: ]parameter can be assigned as an absolute value when the UE is not provided tpc-Accumulation parameter or as an accumulated value when the UE is provided tpc-Accumulation parameter (note: tpc-Accumulation is enabled if the tpc-Accumulation field is not present) as described in Table 3.1-1. If the tpc_Accumulation is enabled, UE applies TPC commands via accumulation. TPC command field can be used in order to obtain the [image: ]value based on the core specification TS 38.213, clause 7.1. 

It was agreed at RAN5#85 meeting that tpc-Accumulation be set to disabled. 
3.	Design of FR2 Absolute Power Control for CA Tolerance Settings
3.1 	FR2 Transmitted power limitation for EIRP
The minimum requirements as specified in [1] clause 6.3A.4, for FR2 absolute power control tolerance are provide below for power class 3. 
-------------------------------------------Excerpt from TS 38.101-2 start -----------------------------------------
[bookmark: _Toc5266536]6.3A.4	Power control for CA
6.3A.4.2	Absolute power tolerance
The absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap on each active component carriers larger than 20ms. For SRS switching, the absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with transmission gap on component carriers lager than 20ms.
The requirement can be tested by time aligning any transmission gaps on the component carriers. For intra-band contiguous CA, the absolute power control tolerance per configured UL CC is given in Tables 6.3.4.2-1 and 6.3.4.2-2.
The minimum requirements specified in Table 6.3.4.2-1 apply in the power range bounded by the minimum output power as specified in sub-clause 6.3.1 (‘Pmin’) and the maximum output power as specified in sub-clause 6.2.1 as minimum peak EIRP (‘Pmax’). The intermediate power point ‘Pint’ is defined in Table 6.3.4.2-2.
Table 6.3.4.2-1: Absolute power tolerance
	Power Range
	Tolerance

	Pint ≥ P ≥ Pmin
	± 14.0 dB

	Pmax ≥ P > Pint
	± 12.0 dB



Table 6.3.4.2-2: Intermediate power point
	Power Parameter
	Value

	Pint
	Pmax – 12.0 dB



--------------------------------------------Excerpt from TS 38.101-2 end -----------------------------------------
Based on the minimum requirements, the target power level ‘P’ should be within the power range bound for absolute power tolerance testing. An example of the minimum output power, maximum output power and intermediate power point values for power class 3 with operating bands n257, n258, n261 are provided as such:
· The minimum output power ‘Pmin’ EIRP = -13 dBm, 
· The Min peak EIRP = 22.4 dBm, and
· The intermediate power point ‘Pint’ for EIRP = 10.4 dBm
· The Max EIRP ‘Pmax’ = 43 dBm
It was agreed at RAN5#85 meeting that we use calculations based on the ‘unofficial’ way forward agreements presented in contribution [6]. We used the Min peak EIRP to calculate Pint, e.g., Min peak EIRP (22.4dB) – Pmax tolerance (12 dBm) = Pint (10.4 dBm). The absolute power control TT calculations are shown in Table 3.1-1.
Table 3.1-1: Absolute power control TT Calculations
	Parameter
	Tolerance
	MU
[dB]
	TT = Tolerance + MU
[dBm]
	Comments

	Pmin
	14
	5
	±19
	MU (±4.79 dB) rounded to ±5 dB

	Pmax
	12
	 5
	±17
	 MU (±4.79 dB) rounded to ±5 dB



We agreed to have one test point (test point 1) for power range 1 and this test point value was agreed at RAN5#85 meeting. We also agreed to have two test points tests (point 2 and test point 3) for power range 2, in which test point 2 value was agreed at RAN5#85 meeting. 
However, we were not able to agree on test point 3 value, so we would like to further discuss our selection of test point 3 preference. 
Table 3.1-3: Test Requirements of Absolute power tolerance (Test Point 3) for power range 2
	Power range
	Unit
	Nominal UE Power [dBm]
	Lower limit
[dBm]
	Upper limit
[dBm]

	Pmax ≥ P > Pint
	-
	22
	22 – TT = 5
	22 + TT = 39

	TT = Tolerance + MU

	dBm
	±17



As can be seen in Table 3.1-3, for test point 3 (power range 2) the nominal UE power value is 22 dBm and the lower limit is 5 dBm and the upper limit is 39 dBm. In the current specification, we have test point 3 (power range 2) defined as shown in Table 3.1-4. 
Table 3.1-4: Test Requirements of Absolute power tolerance (Test point 3) for power class 3
	[bookmark: _Hlk31783460]
	SCS
	Channel bandwidth / expected output power (dBm)

	[bookmark: _Hlk31783408]
	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	Expected Measured 
	60kHz
	22.1
	[22.1]
	22.1
	N/A

	power
	120kHz
	22.1
	[22.1]
	22.1
	21.1

	Power tolerance
	± (12+TT) dB



For channel bandwidths 50 MHz, 200 MHz, and 400 MHz there are no concerns with the test point 3 values. The main concern for test point 3 is related to 100 MHz channel bandwidth. At RAN5#85 meeting there were two values proposed for 100 MHz channel bandwidth as such:
· Option 1: 21.1 dBm
· Option 2: 22.1 dBm
Observation 1: Both options for test point 3 are feasible depending on the basic RF parameter settings.

3.2 	Basic RF Parameter Settings for Test Point 3
The details on the parameter settings selected for the absolute power control test is provided in Table 3.2-1. So, we have provided some basic RF parameter settings that reflect option 1 and option 2 test point 3 possibilities. 
Table 3.2-1: PPUSCH basic RF parameter settings
	NR FR2 (SCS = 60kHz, Channel BW = 100MHz)

	Reference point of power calculation
	Parameter
	Value
Test Point 3
Option 1
	Value
Test Point 3
Option 2

	Power over sphere
	ss-PBCH-BlockPower
	 1dBm/60kHz 
 4dBm/120kHz
	 1dBm/60kHz 
 4dBm/120kHz

	RSRP reference point
	RSRP measured by UE = DL RS-EPRE 
	-99dBm/60kHz 
	-99dBm/60kHz 

	
	PL= ss-PBCH-BlockPower – (DL RS-EPRE)
	1 – (-99) = 100dB
4 – (-99) = 103dB
	1 – (-99) = 100dB
4 – (-99) = 103dB

	
	PL (pathloss estimate in dB calculated by the UE using reference signal index [image: ]
	UE is provided PUSCH-pathlossReferenceRS
can be between [0..3]

	UE is provided PUSCH-pathlossReferenceRS
can be between [0..3]


	
	Po_NominalWithGrant (100MHz)
	-106;
 Between [-202..24]
	-104;
 Between [-202..24]

	RSRP reference point
	Po_UE_PUSCH
	0; 
 Between [-16..15]
	0; 
 Between [-16..15]

	
	Po_PUSCH = Po_UE_PUSCH+ Po_NominalPUSCH
	0+ -106 = -106 (100MHz)

	0+ -106 = -106 (100MHz)


	
	MPUSCH
	
132 (maxi RB# for 60 kHz)
66 (max RB# for 120 kHz)
	
132 (maxi RB# for 60 kHz)
66 (max RB# for 120 kHz)

	
	Alpha
	1;
[alpha0,04 - 09, alpha1]
	1;
[alpha0,04 - 09, alpha1]

	
	Delta 
	0
	1

	
	
 (power control adjustment state)
	
 can be determined by table if UE is not provided tpc-Accumulation or if UE is provided tpc-Accumulation.
For TPC command field 0 [image: ](accumulated) = 0.
	
 can be determined by table if UE is not provided tpc-Accumulation or if UE is provided tpc-Accumulation.
For TPC command field 0 [image: ](accumulated) = 0.

	RSRP reference point
	
P_PUSCH = 10*log10(2µMPUSCH) + Po_PUSCH + alpha*PL + delta + 

	10*log10(4*132) + (-106) + 1*(100) + 0 + 0 = xxxx dBm (100MHz); (60 kHz SCS)

10*log10(4*66) + (-106) + 1*(103) + 0 + 0 = xxxx dBm (100MHz); (120 kHz SCS)
	10*log10(4*132) + (-106) + 1*(100) + 0 + 0 = xxxx dBm (100MHz); (60 kHz SCS)

10*log10(4*66) + (-106) + 1*(103) + 0 + 0 = xxxx dBm (100MHz); (120 kHz SCS)


	Expected Measured power
[dBm]
	P_PUSCH + GTX 
	100MHz = 21.2 + (-0.1) = 21.1
	100MHz = 22.2 + (-0.1) = 22.1



For consistency with TC 6.3.4.2: Absolute power tolerance, both test cases can use the RF basic parameter settings for test point 3 value to be 21.1 dBm.
Proposal 1:  For consistency TC 6.3.4.2: Absolute power tolerance and TC 6.3A.4.2: Absolute power tolerance for CA can both use the same RF basic parameter settings for setting test point 3 value to 21.1 dBm.

4.	Conclusion
In this contribution, we further discussed our investigation of the candidates for test point 3 and provide our preference. Based on the discussion, our observation and proposal are summarized as follows:
Observation 1: Both options for test point 3 are feasible depending on the basic RF parameter settings.
Proposal 1: For consistency TC 6.3.4.2: Absolute power tolerance and TC 6.3A.4.2: Absolute power tolerance for CA can both use the same RF basic parameter settings for setting test point 3 value to 21.1 dBm.
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