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Prior agreements
The outcome of the TPC adhoc during the RAN4 #90bis meeting [5]:

In relation to “Table 6.3.4.3-2: Relative power tolerance, PUMAX ≥ P > Pint”:
Agreement: the concept of introducing a tighter TPC requirement for fixed allocation PUSCH is acceptable with the following open issues:
· Exceptions to monotonicity condition should be clarified; number of exceptions is 3
· The value of the tolerance is [1] dB
· The values for the general requirement on relative TPC remain in []
Adhoc chair’s understanding: the power step under discussion above is ∆P = 1 dB

Adhoc chair’s understanding of the absolute power control discussion is the following:
· Proposed verification of PA calibration at max power level in open loop (NOTE 1) was indicated to be of more importance than the general absolute power tolerance requirement correction in Rel-15


The following was captured in the RAN4 Chairman’s minutes [6]:

R4-1904990	FR2 TPC adhoc minutes
					38.101-2	  CR-  rev  Cat:  (Rel-15) v15.5.0
					Source: Apple Inc.
Abstract: 
Discussion: 
Intel: The value of the tolerance is [1] dB should be the value of the tolerance is [1] dB under ∆P = 1 dB
Qualcomm: Intel’s clarification is fine for us.

Agreement: the concept of introducing a tighter TPC requirement for fixed allocation PUSCH is acceptable with the following open issues:
· Exceptions to monotonicity condition should be clarified; number of exceptions is 3
· The value of the tolerance is [1] dB under ∆P = 1 dB
· The values for the general requirement on relative TPC remain in []

Decision: 		The document was approved.


Summary of proposals
Pcmax for CA
Current definition based on endorsed CRs during the RAN4 #90bis meeting [4]:

6.2A.4	Configured transmitted power for CA
The UE can configure its maximum total output power PCMAX. PCMAX 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 as specified in TS 38.215 [11].
For uplink intra-band contiguous carrier aggregation, MPR is specified in subclause 6.2A.2. PCMAX is calculated under the assumption that power spectral density for each RB in each component carrier is same.
The total configured UE maximum output power PCMAX shall be set such that the corresponding measured total peak EIRP PUMAX is within the following bounds
PPowerclass – MAX(MAX(MPR, A_MPR),P-MPR) – MAX{T(MAX(MPR, A_MPR)),T(P-MPR)} ≤ PUMAX ≤ EIRPmax
with PPowerclass the UE power class as specified in sub-clause 6.2A.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2A.1, MPR as specified in sub-clause 6.2A.2, A-MPR as specified in sub-clause 6.2A.3, P-MPR the power management term for the UE as described in 6.2.4 and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2A.1. 
PUMAX is defined as 10*log10(∑pUMAX,fIi),c(j)) for each carrier f (i=1…n) and serving cell c (j=1…m) where  pUMAX,fIi),c(j) is linear value of PUMAX,fIi),c(j)


Proposed correction by Ericsson [13]:

6.2A.4	Configured transmitted power for CA
AThe UE configured with carrier aggregation can configure its maximum output power for each uplink carrier f of activated serving cells c and its total configured output power PCMAX. The definition of the configured UE maximum output power PCMAX,f,c for each carrier f of a serving cell c is in accordance with that specified in clause 6.2.4 for the reference point of carrier f. The total configured power PCMAX in a transmission occasion the sum of the configured power for carriers f of serving cells c with non-zero transmission power in the respective reference pointtotal output power PCMAX. PCMAX 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 as specified in TS 38.215 [11].
For uplink intra-band contiguous carrier aggregation, MPR is specified in subclause 6.2A.2. PCMAX is calculated under the assumption that power spectral density for each RB in each component carrier is same.
For uplink intra-band contiguous carrier aggregation tThe total configured UE maximum output power PCMAX f,c on carriers f of serving cells c with non-zero transmission power shall be set such that the corresponding total measured total peak EIRP PUMAX is within the following bounds for overlapping transmission occasions on the said carriers
PPowerclass – MAX(MAX(MPR, A_MPR),P-MPR) – MAX{T(MAX(MPR, A_MPR)),T(P-MPR)} ≤ PUMAX ≤ EIRPmax
with PPowerclass the UE power class as specified in sub-clause 6.2A.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2A.1, MPR as specified in sub-clause 6.2A.2, A-MPR as specified in sub-clause 6.2A.3, P-MPR the power management term for the UE as described in 6.2.4 and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2A.1. 
PUMAX is defined as 10*log10(∑pUMAX,fIi),c(j)) for each carriers f (i=1…n) and serving cell c (j=1…m) with non-zero transmission power where  pUMAX,fIi),c(j) is linear value of the power PUMAX,fIi),c(j) measured on carrier f(i) of serving cell c(j).


Discussion:
Ericsson: we have essentially two proposed changes; the UE shall configure output power per allocated carrier for PHR purpose; the UE shall also configure for prioritization of the output power according to 38.213
Intel: for PHR purpose each individual CC needs to have some calculations; at least we have MPR, A-MPR for single CC in 6.2.4; regarding the second paragraph that is crossed out, and the PSD alignment across RBs, our understanding is that in LTE specification we have a similar assumption; tx power should be increased by the same delta over all CCs; we don’t understand why we remove this part; even if we follow the single CC clause, we have tolerance requirements, which are different from the CA case
Qualcomm: Pcmax based on allocated grant is not based on non-zero transmitted RBs
Intel: regarding prioritization, this is similar to overall power sharing; in the current specification there is no treatment of this
Ericsson: if this change is not made, from the NW perspective we don’t know how the PHR are configured by the UE; we don’t know if it is based on configured cells or activated cells; in the RAN4 specification we don’t decide how the UE determines the prioritization since this is RAN1 scope; we deleted the statement on equal PSD, because this is the methodology used to derive MPR, but the PSD may be different in practice since the power control on each CC is independent also for FR2
Qualcomm: we prefer based on configured, but we are OK with activated; we have a concern with Pcmax being set based on non-zero transmitted, but then how would the UE know which MPR to apply? This CR introduces a problem
Chair: can we try to focus on the PHR reporting basis to try to make progress?
Ericsson: then we can focus on the first part of the change

The following change does not raise concerns:
UE configured with carrier aggregation can configure its maximum output power for each uplink carrier f of activated serving cells c and its total configured output power PCMAX. The definition of the configured UE maximum output power PCMAX,f,c for each carrier f of a serving cell c is in accordance with that specified in clause 6.2.4 for the reference point of carrier f and serves as power headroom report for carrier f service c only. The total configured power PCMAX in a transmission occasion the sum of the configured power for carriers f of serving cells c with non-zero granted transmission power in the respective reference point

Intel: we have comments on the reference to clause 6.2.4; we also have Pumax limitation; how to handle this per CC based sharing to meet the total EIRP Pumax?

Relative power tolerance
Original CR from Qualcomm [2] introduced the currently tentative values for relative power tolerance table in TS38.101-2 [3].  Proposal from Ericsson and Qualcomm [11] seeks the corrections summarized below.

Table 6.3.4.3-1: Relative power tolerance, Pint ≥ P ≥ Pmin
	Power step ∆P (Up or down)
 (dB)
	All combinations of PUSCH and PUCCH, PUSCH/PUCCH and SRS transitions between sub-frames, PRACH (dB)
Current TS [3]
	All combinations of PUSCH and PUCCH, PUSCH/PUCCH and SRS transitions between sub-frames, PRACH (dB)
Proposal [11]

	ΔP < 2
	[±5.0]
	[±5.0]

	2 ≤ ΔP < 3
	[±6.0]
	[±6.0]

	3 ≤ ΔP < 4
	[±7.0]
	[±7.0]

	4 ≤ ΔP < 10
	[±8.0]
	[±8.0]

	10 ≤ ΔP < 15
	[±10.0]
	[±10.0]

	15 ≤ ΔP
	[±11.0]
	[±11.0]

	
	
	NOTE 1:	The requirements apply with ue-BeamLockFunction enabled.



Discussion:



Table 6.3.4.3-2: Relative power tolerance, PUMAX ≥ P > Pint
	Power step ∆P (Up or down)
 (dB)
	All combinations of PUSCH and PUCCH, PUSCH/PUCCH and SRS transitions between sub-frames, PRACH (dB)
Current TS [3]
	All combinations of PUSCH and PUCCH, PUSCH/PUCCH and SRS transitions between sub-frames, PRACH (dB)
Proposal [11]
	Views in [7]

	ΔP < 2
	[±3.0]
	[±3.0]
	Based on the analysis of TPC error convergence, the monotonicity requirements on the UE in closed loop result in improved network performance

	2 ≤ ΔP < 3
	[±4.0]
	[±4.0]
	

	3 ≤ ΔP < 4
	[±5.0]
	[±5.0]
	

	4 ≤ ΔP < 10
	[±6.0]
	[±6.0]
	

	10 ≤ ΔP < 15
	[±8.0]
	[±8.0]
	

	15 ≤ ΔP
	[±9.0]
	[±9.0]
	

	
	
	NOTE 1:	The requirements apply with ue-BeamLockFunction enabled.
NOTE 2:	For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, guard periods: for a power step ΔP = 1 dB, the relative power tolerance for transmission is ± 1.0 dB.
	



Discussion:
Intel: we need to make sure the exception below is applicable to NOTE 2:
For a test pattern that is either a monotonically increasing or monotically decreasing power sweep over the range specified for Table 6.3.4.3-2, [3] exceptions are allowed for each of the test patterns. For these exceptions, the power tolerance limit is a maximum of [±6.0] dB.
Ericsson: we just copied the FR1 specification for this aspect
Intel: we checked 36.521, and this exception is applied only to contiguous 1 dB step and nothing else; 36.101 has this wording, but we should improve clarity
Ericsson: we would like to understand what is not clear
Intel: but we can have a case with RB jump, in which case the tolerance is not limited by 6 dB

Proposed change:
For a test pattern with the allocated resource blocks fixed in frequency and that is either a monotonically increasing or monotically decreasing power sweep over the range specified for Tables 6.3.4.3-1 and 6.3.4.3-2, [3] exceptions are allowed for each of the test patterns. For these exceptions, the power tolerance limit is a maximum of [±6.0] dB.

MediaTek: in the FR1 spec these exceptions apply to all delta P; these exceptions should be allowed not just for the 1 dB step; this is to account for a PA mode change, which can happen in any power step
Intel: these power exceptions are only limited to fixed RB allocations; we would like to further check this proposed change

Qualcomm: we propose to remove beam lock
Intel: it does not hurt to keep beam lock

Absolute power tolerance
Original CR from Qualcomm [2] introduced the currently tentative values for absolute power tolerance table in TS38.101-2 [3].  Proposal from Ericsson [10] seeks the corrections summarized below.

	Power Range
	Tolerance
Current TS [3]
	Tolerance
Proposal [10]
	Views in [8]
	Views in [5]

	Pint ≥ P ≥ Pmin
	± [14.0] dB
	± [14.0] dB
	The 3dB more absolute power tolerance in FR2 as compared to FR1 can be justified by the following additional impairments in FR2:
a.	Antenna array gain difference between UL and DL
b.	Un-calibrated absolute gains in both Tx and Rx paths under OTA environment
c.	1.5dB higher RSRP absolute accuracy tolerance

Proposal: To retain the existing FR2 absolute power tolerance requirement and remove the square brackets in the Rel-15 technical specifications
	The TPC convergence simulations were unable to determine any impact on the network due to the potential introduction of a requirement on the UE PA calibration at max power level in open loop

	Pmax ≥ P > Pint
	± [12.0] dB
	± [9.0] dB
	
	

	
	
	NOTE 1:	If the UE is configured with a parameter set for uplink power control such that the UE determines that the maximum power   is reached, the lower absolute power tolerance is [-3] dB below the power class with DFT-s-OFDM and QPSK modulation. For power class 1 the requirement applies for inner PRB allocations.
NOTE 2:	The requirements apply with ue-BeamLockFunction enabled.
	
	



Discussion:
Qualcomm: we can re-evaluate this type of spec tightening for Rel-16; the proponents identified PRACH power which does not have the benefit of closed loop convergence; for Rel-15 we should proceed with what we have; we already took a big step toward tightening the relative power tolerance
Ericsson: regarding the +/- 9 dB, there is an averaging effect across Rx chains, and it is not always obvious that we need to take OTA relaxations in all cases; to us the more important part is NOTE 1; in the interest of progress we can consider handling all of these changes for the absolute power tolerance in the next release
MediaTek: we can agree to revisit this in Rel-16
Intel: Regarding NOTE 1, for certain test cases if the UE can be set to reach Pcmax, but the difficulty is how to set up the test case; what is the condition?

Agreement: revisit absolute power tolerance requirement for FR2 in Rel-16
Pcmax
Original CR from Ericsson [1] introduced the currently tentative values for the Pumax table in TS38.101-2 [3].  A proposal from Ericsson [12] seeks the corrections summarized below.

	Operating Band
	∆P (dB)
	Tolerance T(∆P)
(dB)
Current TS [3]
	Tolerance T(∆P)
(dB)
Proposal [12]

	n257, n258, n260, n261
	 P = 0 
	0
	0

	
	0 < P ≤ 2
	[1.5]
	[0]

	
	2 < P ≤ 3
	[2.0]
	[0]

	
	3 < P ≤ 4
	[3.0]
	[1.0]

	
	4 < P ≤ 5
	[4.0]
	[2.0]

	
	5 < P ≤ 10
	[5.0]
	[3.0]

	
	10 < P ≤ 15
	[7.0]
	[5.0]

	
	15 < P ≤ X
	[8.0]
	[6.0]

	NOTE:	X is the value such that Pumax,f,c lower bound,  PPowerclass - P – T(P) = minimum output power specified in subclause 6.3.1
	NOTE 1:	X is the value such that Pumax,f,c lower bound,  PPowerclass - P – T(P) = minimum output power specified in subclause 6.3.1
NOTE 2:	The requirements apply with ue-BeamLockFunction enabled.



Discussion:
Qualcomm: we hope we can revisit this at a later date
Ericsson: these values are related to the absolute tolerance also; so we can consider revisiting these in the next release; these requirements have an impact on coverage in the network; considering the agreement on absolute power tolerance, we can accept revisiting this proposal in Rel-16

Summary of outcomes
Regarding the Pcmax for CA draft CR (R4-1906280)
The following change does not raise concerns:
UE configured with carrier aggregation can configure its maximum output power for each uplink carrier f of activated serving cells c and its total configured output power PCMAX. The definition of the configured UE maximum output power PCMAX,f,c for each carrier f of a serving cell c is in accordance with that specified in clause 6.2.4 for the reference point of carrier f and serves as power headroom report for carrier f service c only. The total configured power PCMAX in a transmission occasion the sum of the configured power for carriers f of serving cells c with non-zero granted transmission power in the respective reference point

Regarding the relative TPC draft CR (R4-1906279):
Proposed change to be checked:
For a test pattern with the allocated resource blocks fixed in frequency and that is either a monotonically increasing or monotically decreasing power sweep over the range specified for Tables 6.3.4.3-1 and 6.3.4.3-2, [3] exceptions are allowed for each of the test patterns. For these exceptions, the power tolerance limit is a maximum of [±6.0] dB.

Regarding the absolute TPC draft CR (R4-1906278):
Agreement: revisit absolute power tolerance requirement for FR2 in Rel-16
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