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1 Background
The open loop power control for FR2 has a tolerance of ± [12.0] dB at the maximum output power Pmax. This means that a power class 3 UE (handheld) configured for transmission at the maximum power can pass the (core) test by transmitting at 22.4 dBm – 12 = 10.4 dBm for PRACH or e.g. PUSCH following a transmission gap > 20 ms. This would have a dramatic impact on UL coverage. Furthermore, the tolerance range would be 24 dB excluding any test tolerance (TT), comparable to the total dynamic range of the transmitter around 35 dB (as estimated by nominal max power – min power). The requirement is obviously meaningless.

The specification 38.213 contains the UL power control equations, e.g. for PUSCH
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The PUSCH equation applies for both open- and close-loop control and can be configured with sets parameters for e.g. target received power, transport formats and tpc relative control algorithms. But are these parameter sets meaningful given the current RAN4 requirements for power control accuracy allowing an open-loop tolerance like that above and relative requirements allowing the UE decrease its power following an “UP” command?
A recent study of the impact on system performance of inaccurate power control has been presented in [1]. Based on the assumptions made therein, it is concluded that TPC convergence is dominated by the BS algorithm and parameters associated with BS performance; the residual error following corrections would be of the order 5-7 dB largely due to the assumed UL RS measurement inaccuracy associated with BS performance. However, in practice the main contribution to variations in the UL power is due to fading, and for small bandwidth e.g. 1 PRB and low SNR there are additional errors due to estimation noise.
During specication of accuracy requirements for Rel-8 specification, several studies on the impact on system- and user performance of inaccurate UE power control were carried out: the impact on system capacity of absolute accuracy, transmission gap period and relative power performance in [2] with further results presented in [3]. The results indicated system performance gains of 15-20% even for modest improvements (order of single dBs) of the power tolernances; for relative power control only for the smallest steps that allow closed-loop corrections. Ultimately, however, a compromise was reached in [4] with quite relaxed UE requirements as the potential error sources were different compared to those of WCDMA and vendors had very limited experience of what the real performance would be – 10 years of experience with LTE power control has has changed this for NR [5]. 
In this contribution we propose improvement to absolute and relative power accuracy for both FR1 and FR2 for the late drop of Rel-15. Recognising the lateness of these proposals, we do not propose substantial changes at this point in time but rather include additional requirements that have to be met by any sensible design. 
2 Open and closed loop tolerance
Next we propose improvements to the current tentative power tolerances starting with FR2.
2.1 FR2

The open loop performance (open loop) is based on the conducted WCDMA requirements for ETC but with 2 dB additional margin for OTA measurements. Is this margin really needed? For FR2 the metric is EIRP (radiated), which is essentially a weighted sum of conducted output powers from PAs and phase shifters. This means there is an averaging effect that reduces errors. Furthermore, the requirements are verified with the beam locked. Hence any additional margins for OTA core requirements (i.e. not including TT) are not motivated.

The current absolute requirements allow the UE to transmit at an EIRP of Pmax – 12 dB = 10 dBm at maximum power for PUSCH following a transmission gap or for PRACH transmissions. In practice, the UE is usually calibrated to achieve significantly better performance at the maximum output power setting, this is needed to meet MOP requirements. In order to make the absolute requirements more relevant, we propose to
· add and additional test point at maximum output power with a tentative ±[3.0] dB, applicable when the parameter set for uplink power control are such that the UE has reached it maximum (computed) power

· tighten the requirement for the upper 12 dB power range above Pint to equal that of WCDMA conducted at NTC, a tentative ±[9.0] dB at NTC
The test can be configured such that the UE reaches its maximum power (e.g. enforced by setting the target received power at a very high level with the PL known).
The relative power control requirements are also lax. For “small” positive power steps ΔP < 6 dB the UE can meet the current requirements by decreasing the power by 1 dB (for some steps even by 2 dB). Given that the open loop requirements are lax, this means that it may not be possible to correct initial open loop errors by sending “UP” or “DOWN” commands in closed loop control should the UE only comply with the minimum performance requirements.
The relative power requirement is also verified in the beam peak (EIRP) with the beam locked, hence any additional margins for OTA are not motivated. The accuracy should not be any worse than the corresponding conducted requirements. In order to make the relative requirements more relevant, we propose to

· add a test point for small steps applicable for PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency, the tentative requirement is  ±[1.0] dB for ΔP ≤ 1 dB and possibly ±[2.0] dB for ΔP = 4 dB steps
· tighten the requirement for small steps ΔP < 4 dB with possible changes of resource block allocations. 
The requirement in first item above is similar to that used for FR1 for making sure the UL power can actually converge for e.g. blocking tests (for which the UL power has to be adjusted to the requisite value 4 dB below maximum).

The changes would be as follows:
6.3.4
Power control

6.3.4.1
General

The requirements on power control accuracy apply under normal conditions and are defined as a directional requirement. The requirements are verified in beam locked mode on beam peak direction.

6.3.4.2
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 larger than 20 ms. The tolerance includes the channel estimation error RSRP estimate.

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
	± [9.0] dB

	NOTE:
If the UE is configured with a parameter set for uplink power control such that the UE determines that the maximum power 
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 is reached, the absolute power tolerance is ± [3.0] dB.



Table 6.3.4.2-2: Intermediate power point

	Power Parameter
	Value

	Pint
	Pmax – 12.0 dB


6.3.4.3
Relative power tolerance

The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame relatively to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is 20 ms.

The minimum requirements specified in Table 6.3.4.3-1 apply when the power of the target and reference sub-frames are within the power range bounded by the minimum output power as defined in sub-clause 6.3.1 and Pint as defined in sub-clause 6.3.4.2. The minimum requirements specified in Table 6.3.4.3-2 apply when the power of the target and reference sub-frames are within the power range bounded by Pint as defined in sub-clause 6.3.4.2 and the measured PUMAX as defined in sub-clause 6.2.4.

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)

	ΔP < 2
	[±5.0]

	2 ≤ ΔP < 3
	[±6.0]

	3 ≤ ΔP < 4
	[±7.0]

	4 ≤ ΔP < 10
	[±8.0]

	10 ≤ ΔP < 15
	[±10.0]

	15 ≤ ΔP
	[±11.0]


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)

	ΔP < 2
	[±2.5]

	2 ≤ ΔP < 3
	[±3.5]

	3 ≤ ΔP < 4
	[±4.5]

	4 ≤ ΔP < 10
	[±6.0]

	10 ≤ ΔP < 15
	[±8.0]

	15 ≤ ΔP
	[±9.0]

	NOTE:
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; for a power step ΔP = 4 dB the relative power tolerance is ± [2.0] dB


2.2 FR1

For the conducted FR1 requirements we adopt a similar approach.
The absolute requirement is based on the WCDMA requirement from Rel-99. In practice the power accuracy at the maximum level must be significantly better than the required ± 9.0 dB, Similar to the case for FR2, we propose to add a test point for which the test configuration is such that the UE will reach maximum power:
6.3.4.2
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 larger than 20ms. The tolerance includes the channel estimation error. 

The minimum requirement 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 and the maximum output power as specified in sub-clause 6.2.1.

Table 6.3.4.2-1: Absolute power tolerance

	Conditions
	Tolerance

	Normal
	± 9.0 dB

	
	

	NOTE:
If the UE is configured with a parameter set for uplink power control such that the UE determines that the maximum power 
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 is reached, the absolute power tolerance is +2/-3 dB.


For improving relative requirements, a good effort in made in [5]. A possible amendment of the proposal in [5] is a modification for the smallest steps such that the UE is not allowed to decrease/increase its power following an UP/DOWN for PUSCH and PRACH transitions (yellow highlight):
*************************** Start of changes *******************************************

6.3.4.3
Relative power tolerance

The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame relatively to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is larger than 20ms.

The minimum requirements specified in Table 6.3.4.3-1 apply when the power of the target and reference sub-frames are within the power range bounded by the minimum output power as defined in sub-clause 6.3.1 and the measured PUMAX as defined in sub-clause 6.2.1.

Table 6.3.4.3-1: Relative power tolerance

	Power step P (Up or down) 

 (dB)
	All combinations of PUSCH and PUCCH transitions (dB)
	All combinations of PUSCH/PUCCH and SRS transitions between sub-frames (dB)
	PRACH (dB)

	ΔP < 2
	± 2.0 (NOTE)
	± 2.5
	± 2.0

	2 ≤ ΔP < 3
	± 2.0
	± 3.5
	± 2.0

	3 ≤ ΔP < 4
	± 3.0
	± 4.5
	± 3.0

	4 ≤ ΔP ≤ 10
	± 3.5
	± 5.5
	± 3.5

	10 ≤ ΔP < 15
	± 4.0
	± 7.0
	± 4.0

	15 ≤ ΔP
	± 5.0
	± 8.0
	± 5.0

	NOTE:
For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods: for a power step ΔP ≤ 1 dB, the relative power tolerance for transmission is ± 0.7 dB.


*************************** End of changes ******************************************
3 Power tolerance for Pcmax for FR2
The power tolerances for Pcmax reflect the fact that the power setting accuracy is – and has to be – better near the maximum output power as discussed above. For FR2 the MPR allowed for the smallest UL allocations and QPSK DFTS-OFDM relevant at cell edge would be 2.5 dB according to the latest 38.101-2. The nominal output power for PC3 is 22.4 dBm, but the MPR allowed and the additional tolerance imply that a UE producing
22.4 dBm [nominal power] – 2.5 dB [MPR] – 2 dB [additional tolerance] = 17.9 dBm
would pass the test (without considering the TT that will further reduce the pass/fail limit). Clearly, this performance would have a significant impact on UL coverage under live conditions for the conditions where MPR is allowed (all except when the reference waveform of 128 RB is used).
For FR2, the additional tolerances are copied from the conducted FR1 requirements with additional margins for OTA conditions other than the TT. We propose to tighten the FR2 tolerances using the facts that
· the tolerance at maximum level is already included in the nominal value (hence the additional tolerances for power reductions from the maximum should be smaller than the corresponding for FR1)

· additional margins for OTA requirements verified in the beam peak (EIRP) with the beam locked are not justified as discussed above.

We propose reduce the tolerances by 2 dB, the order of magnitude of the implied lower tolerance already included in the nominal maximum power unlike for FR1, and not allow any additional margin for OTA in the core specification:
6.2.4
Configured transmitted power

The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c 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 in each receiver branch as specified in 38.215.

The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds

PPowerclass – MAX(MPRf,c, P-MPRf,c) – MAX{T(MPRf,c), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by

PTMAX,f,c ≤ TRPmax
with PPowerclass the UE power class as specified in sub-clause 6.2.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2.1, MPRf,c as specified in sub-clause 6.2.2, P-MPRf,c the power management term for the UE and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2.1. The tolerance T(∆P) for applicable values of ∆P (values in dB) is specified in Table 6.2.4-1.

Table 6.2.4-1: PUMAX,f,c tolerance

	Operating Band
	∆P (dB)
	Tolerance T(∆P)

(dB)

	n257, n258, n260, n261
	 P = 0 
	0

	
	0 < P ≤ 2
	[0]

	
	2 < P ≤ 3
	[0]

	
	3 < P ≤ 4
	[1]

	
	4 < P ≤ 5
	[2]

	
	5 < P ≤ 10
	[3]

	
	10 < P ≤ 15
	[5]

	
	15 < P ≤ X
	[6]

	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


This change implies that additional tolerances are not allowed near the maximum power besides the MPR.
4 Proposal

We propose to
1. modify the absolute and relative accuracy requirements for FR1 and FR2 as discussed in Section 2
2. modify the Pcmax tolerances as discussed in Section 3
for the Rel-15 specifications. The added test points have to be met by any sensible design and would reduce the impact of the current tentative requirements. Regarding the Pcmax tolerances, RAN4 has spent many meetings discussing the nominal maximum output power for different power classes down to fractions of dBs but for conformance tests additional tolerances of several dBs (not including the TT) at maximum power matter more. Ultimately, these tolerances have a large impact on UL coverage.
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