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1 Background

In this companion contribution to [1] we propose a method for verifying NR power reduction for UE(s) supporting dynamic power sharing in accordance with the Xscale value received by high layers. According to the WF in [2], the draft CR in R4-1813844 [3] shall be used as a baseline for further proposals preserving the achieved agreements in meeting #88bis, from [2],

1. The total configured transmission power for both synchronous and non-synchronous operation is

· P_EN-DC_Total = MIN { PEMAX, EN-DC ,PPowerClass, EN-DC}

· P_EN-DC_Total is the dB value of  [image: image2.png]PEN—-DC
P. Total



, which is used in [38.213] and PEMAX, EN-DC is  p-maxUE-FR1-r15 value signaled by RRC and defined in [36.331];

2. The use in the “IF Conditions” for Pcmax_EN_DC_L determination of the real Pcmax_LTE and Pcmax_NR

3. The X_scale value is the scaling against the real Pcmax_NR in the IF conditions.

Furthermore the WF [2] invites

The companies are encouraged to bring test cases design for inter-band EN-DC that will show:

How the current baseline can be tested(including GCF style of test – the flow and how parameters are used and results validated).

Any problem with the current baseline CR in R4-1813844 

For any CR improvement should be justified and it would be required to show the delta with the current baseline by numerical examples and also how this can be tested.
In this contribution we show that the “IF conditions” are not sufficient for verifying NR power dropping in accordance with the Xscale value received by higher layers. The power reduction cannot be verified by measuring the total transmitted signal the power level and tolerance of which can conceal the behavior of the NR signal, it can only be verified by measurements on the NR signal itself if any degree if confidence of the test outcome is required.
We propose a test method that allows reuse of existing test procedures in conformance testing, see in [Eri] on verification of the maximum output power for conformance.

The proposed requirements are implemented in an accompanying CR [4]. This means that any power reduction by the UE upon reception of the Xscale if power limited is specified as a minimum power requirement in the RAN4 specifications rather than explicit dropping condition in the RAN1 specifications (that specify the general behavior of power reduction for capable UEs).
2 The “IF-conditions” for verification of power reduction
The “IF-conditions” in [3] are intended for verifying the total power while also accounting for possible scaling: 

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_ EN-DC _H (p,q) , PCMAX_ EN-DC _H (p,q+1), … , PCMAX_ EN-DC _H (p,q+n) }

where PCMAX_ EN-DC _H 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 NR UL slot overlapping with LTE subframe p.

While PCMAX_L is computed as follows:

           PCMAX_L = MIN { PCMAX_ EN-DC _L (p,q) , PCMAX_ EN-DC _L (p,q+1), … , PCMAX_ EN-DC _L (p,q+n)}
where PCMAX_EN-DC_L 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 NR UL slot overlapping with LTE subframe p,
With

PCMAX_ EN-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}

And:

a= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > P_EN-DC_Total
b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > P_EN-DC_Total 
If a= FALSE

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}

ELSE If (a=TRUE) AND (b=FALSE)

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q) /X_scale ], PEMAX, EN-DC ,PPowerClass, EN-DC}

ELSE If b= TRUE

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}
where 
The IF-conditions include the actual Pcmax reported in the PHR and the minimum scaling factor sent by higher layers and decide the limits of the measured total power Pumax. The consequence for the verification of the power reduction is that any dropping of the NR is concealed in the total output power level and its allowed tolerance. The UE can drop the signal regardless of the Xscale value indicated by higher layers.
Repeating the numerical example in [1], not completely unrealistic for inter-band EN-DC (1 dB and 2 dB back-off allowed on LTE and NR, respectively):
PCMAX_ E-UTRA,c (p) = 22 dBm (LTE) computed and reported by LTE extended PHR

PCMAX f,c,,NR c(q) = 21 dBm (NR) computed and reported by NR PHR

Xscale = 6 dB indicated by RRC (m
Pcmax_L_E-UTRA = 22 dBm

Pcmax_L_NR = 21 dBm

Ppowerclass,EN-DC = 23 dBm

UP commands are sent on both CGs; the LTE will reach 22 dBm but the NR power has to be reduced to 16 dBm not to exceed PEN-DC,total. This is 5 dB power reduction (21 – 16) < Xscale, hence the NR should not be dropped. The lower tolerance of Pumax is now governed by b = FALSE, since pCMAX  _ E-UTRA,c (p) + pCMAX ,f,c,,NR c(q) /∆ = 22.8 dBm, which means that the lower tolerance is governed by 10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q) /X_scale ] = 22.8 dBm. 

The lower limit of the Pumax in the example is governed by PCMAX_ EN-DC _L(p,q) = 22.8 dBm implying an allowed lower limit of 22.8 – 5 = 17.8 dBm according to Table 1 below (from [3]). The allowed range of the measured signal is thus +23 dBm +2/-5.2 dB, considerably wider than the tolerances for a stand-alone CG signal. This means that the UE can pass the test by dropping the NR signal regardless of the Xscale indicated and still be compliant. The standard conformance test for maximum output power test does not contain any signaling part to detect that an NR signal is present.
Table 1 (Table 6.2B.4.1.3-2): PCMAX tolerance for Dual Connectivity LTE-NR

	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]


3 Verification of NR power reduction and the Xscale
According to the WF in [5], the UE is allowed to drop NR “only if the power scaling applied to NR means that the difference between scaled and unscaled NR UL power is more than XdB. In other cases the UE does power scaling of NR UL”. Moreover the “X dB is RRC configured parameter with 4 fixed values and X is [0, 2, 4 or 6] dB. The UE has to be able to support all these 4 configurable X values.” 

NR power reduction have to be verified by making measurements on the NR CG (SCG) itself even if the LTE CG is present simultaneously We would also like to keep the existing conformance test method as discussed in [Eri]. This can be achieved by limiting the LTE power by configuring a
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but not the NR power. Once the maximum power 
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 is reached, the NR power could continue increasing following the sequence of UP commands on the NR CG, but the NR power has to be downscaled by the UE such that the total power[image: image6.wmf]DC
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is not exceeded. Using this test configuration, different levels of Xscale (the X in [5]) can be verified by a suite of conformance test cases like in the following examples:
Test 1:

PLTE = 20 dBm (max NR power is then 20 dBm), the NR power should not exceed 20 dBm. For the example above with PCMAX f,c,,NR c(q) = 21 dBm the (computed) reduction is “21 - 20 = 1 dB”, the NR should not be dropped in case Xscale is 6 dB.
Test 2:

PLTE = 21 dBm (max NR power is then 18.7 dBm), the NR power should not exceed 19 dBm (18.7 dBm) and not be dropped if Xscale is 6 dB “22 -19 = 3 dB”

Test 3:

PLTE = 22 dBm (max NR power is then 16 dBm), the NR power should not exceed 16 dBm. Then “X = 22 -16 = 6 dB” on the verge of the dropping allowance in case Xscale is 6 dB.
In practice the smaller (tentative) Xscale values 2 and 4 dB are difficult to verify due to the allowed tolerances of the measured NR signal, but the 6 dB value can be verified since larger than the said tolerances. 
The core requirement in 38.101-3 should be general, from [4]
If a UE is configured with
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 and the UE supports  dynamic power sharing, the measured maximum output power PUMAX in slot q on CG 2 shall be within
PEN-DC_L,c(2) (p,q) – T(PEN-DC_L,c(2) (p,q)) ≤  10 log10 pUMAX,c(2)  ≤  PEN-DC_H,c(2) (p,q) + T(PEN-DC_H,c(2) (p,q))

when transmission(s) in slot q on CG 2 overlap in time with transmission(s) in slot p on CG 1, where
< the NR signal limits are determined by either the Pcmax,c of the NR signal or the maximum that can remain after scaling, 10 log10 ([image: image11.png]


 – pCMAX L _ E-UTRA,c (p))}; if the allowed power back-off on LTE is not too large such that the (computed) lower limit of LTE cannot fall short of 
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PEN-DC_L,c(2) (p,q) = MIN{PCMAX_L,f,c,,NR (q), 10 log10 ([image: image17.png]


 – pCMAX L _ E-UTRA,c (p))}


PEN-DC_H,c(2) (p,q) = MIN{PCMAX_H,f,c,,NR (q), 10 log10 ([image: image19.png]


 – pCMAX L _ E-UTRA,c (p))}

whenever the power reduction {PCMAX,f,c,NR (q) – 10 log10 ([image: image21.png]


 – pCMAX L _ E-UTRA,c (p))} rounded up to the next integer value is less than or equal to X_scale; the tolerance T(P) for applicable power levels P is specified in Table 6.2.4-1 of [38.101-1] and
< the NR power reduction {PCMAX,f,c,NR (q) – 10 log10 ([image: image23.png]


 – pCMAX L _ E-UTRA,c (p))} is measured relative to the actual Pcmax,c PCMAX,f,c,NR (q) indicated the NR PHR >
· X_scale is configured by RRC and can take values [0, 6]
· PCMAX,f,c,NR (q) is the configured max power for NR as reported in the PHR [38.321]
The evaluation of the measured power pUMAX,c(2)  over slot q is in accordance with subclause 6.2.4 of [38.101-1]; if the slot q on CG 2 overlaps with more than [one symbol or the MTRD] of subframe p – 1 or p + 1 on CG 1, the PCMAX L  E-UTRA,c is the minimum of that evaluated over subframe p and subframe p – 1 or p + 1. 
< this is handling the case when the NR slot overlaps with LTE subframe boundary for asynchronous EN-DC >
The measured maximum output power in slot p on CG 1, pUMAX,c(1),  shall meet the requirements in subclause 6.2.5 in [36.101] with the limits PCMAX_L,c and PCMAX_H,c replaced by PCMAX_L_ E-UTRA,c and PCMAX_H_ E- UTRA,c as specified above, respectively.
Note that when
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, then the {PCMAX,f,c,NR (q) – 10 log10 ([image: image29.png]


 – pCMAX L _ E-UTRA,c (p))} ≤ 0 dB and the NR can not be dropped. The limits above are then governed by the Pcmax,c of the NR signal.

Dropping can in fact be verified at lower levels by configuring the P-Max for EN-DC, PEMAX,EN-DC, at level lower than the EN-DC power class, e.g. set PEMAX,EN-DC = 20 dBm for Test 1 and configure PLTE = 20 dBm (the configured power levels on each CG are also capped by the PEMAX,EN-DC, PEMAX,EN-DC). We will use this fact for verifying power reduction for intra-band EN-DC for which the [image: image31.png]


 may be a range, see [6]. It is remarked that verification at lower power levels implies larger tolerances.
4 Handling of partial overlap for asynchronous EN-DC

The WF [5] also states that

· handling of partial overlap needs to be addressed (including possibility to leave this up to the UE implementation)
This can be accommodated in the test procedure above by allowing the PCMAX L  E-UTRA,c be the minimum of that evaluated over the subframes overlappig with the NR slot q.
5 Proposal

We conclude that the “IF conditions” in R4-1813844 cannot be used for verification of NR power reduction and compliance with the Xscale value indicated by higher layers. It is proposed that
1. the power reduction is verified by measurements on the NR signal itself (in the presence of an LTE signal) using the limit
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and the (actual) Pcmax of the NR CG indicated in the PHR 
2. any power reduction by the UE upon reception of the Xscale if power limited is specified as a minimum power requirement in the RAN4 specifications rather than explicit dropping condition in the RAN1 specifications (that specify the general behavior of power reduction for capable UEs).
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