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1 Background

The specification of Pcmax for inter-band EN-DC is still outstanding. According to the WF in [1], the draft CR in R4-1813844 [2] shall be used as a baseline for further proposals preserving the achieved agreements in meeting #88bis, from [1],

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
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, 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 [1] 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 challenge the “IF conditions” and propose core requirements (limits) for the total transmission power, i.e. the measured total power Pumax, for inter-band EN-DC and discuss a method for its verification for conformance (includes the EN-DC power class). The verification can be carried out using the standard test procedure for verification of the maximum output power for CA, see 36.521-1. 
A method for verification of NR power reduction for UEs supporting dynamic power sharing is contained in [3]. The proposed core requirements are implemented in an accompanying CR [4]. 
2 Maximum power and conformance tests
The test procedure for verifying the maximum output power for conformance is based on sending “UP” commands for a sufficiently “long” duration such that the maximum output power is reached. One example is the test procedure for CA in 36.521-1, “UP” commands are sent on all CCs (the same procedure for intra-band and inter-band),
6.2.2A.1.4.2
Test procedure

1.
Configure SCC according to Annex C.0, C.1 and Annex C.3.0 for all downlink physical channels.


[…]
4.
SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0 for C_RNTI to schedule the UL RMC according to Table 6.2.2A.1.4.1-1 on both PCC and SCC. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.

5.
Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200ms for the UE to reach PUMAX level.

6.
Measure the mean transmitted power over all component carriers in the CA configuration of the radio access mode. The period of measurement shall be at least the continuous duration of one sub-frame (1ms). For TDD slots with transient periods are not under test.

The purpose of this test is “To verify that the error of UE maximum output power in intra-band contiguous carrier aggregation does not exceed the range prescribed by the specified CA Power Class and tolerance.“ i.e. the CA power class and its allowed tolerance. Most other transmitter characteristics and the unwanted emissions are verified at maximum output power.

For EN-DC, verification of the total transmission power (the measured Pumax) should be such that the above standard method for measuring maximum power conformance can be reused, i.e. sending “UP” commands on both CGs until the power no longer increases. For UE not supporting dynamic power sharing the CG power would not be scaled after a sequence of “UP” commands for a configuration with 

(2.1)
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whereas for UE supporting dynamic power sharing the NR CG may be reduced or even dropped after the said sequence without any limitation on the LTE CG. A power limitation like (2.1) can also be used for dynamic power sharing making sure that there is no scaling and both CGs are present in the output power test. 
Alternatively, measuring the total transmission power by optimizing the LTE power such that the NR reaches maximum, for example, would require substantial changes to the conformance test setup and require feedback from the test system. This is perhaps not impossible but would increase the complexity of the test procedure. 
3 The “IF-conditions” 

The “IF-conditions” in [2] 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 in RRC. The consequence for the verification of the total transmission power is that the lower limit of the total power is also dependent on the scaling factor indicated, which can make verification of the tolerance of the EN-DC power class at maximum power unreliable.
One numerical example, 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 tolerance for PC3 and most EN-DC band combinations is +2/-3 dB. The upper limit in the example is governed by PCMAX_ EN-DC _H(p,q) = 23 dBm and the lower by PCMAX_ EN-DC _L(p,q) = 22.8 dBm leading to an allowed range for Pumax of +23 dBm +2/-5.2 dBm according to Table 1 below (from [2]). Hence the Pumax limits exceed those of the EN-DC power class at the maximum power.
If the actual Pcmax is increased to p’CMAX_ E-UTRA,c (p) = 23 dBm in the above example, then the NR will be dropped following the sequence of “UP” commands on both CGs. Then the condition “b” (also implies “a”) is true and the lower tolerance is governed by PCMAX_ EN-DC _L(p,q) = 22 dBm and the resulting in a range for Pumax of +23 dBm +2/-6 dB. 
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]


Another example is a HPUE with Ppowerclass,EN-DC = 26 dBm and PCMAX_ E-UTRA,c (p) = PCMAX f,c,,NR c(q) = 22 dBm (PC3) with  Xscale = 0 dB. Then both “a” and “b” are FALSE in which case no limit applies. 
Clearly, the “IF-conditions” can not be used for verifying the EN-DC power class using the standard test procedure for conformance. A limitation of the CG powers like (2.1) should be used for making sure that there is no scaling and that both CG signals are present in the output power test.
Likewise, the “IF-conditions” and measurements on the total output power cannot be used for verification of power reduction (or dropping) as we shall se in the accompanying [Eri].
4 Verification of the total power using the power limits PLTE and PNR 

Instead of using the “IF-conditions” core requirements on the total transmission can be specified by two cases
1. a general case without power limits in which scaling or dropping can occur

2. a case in which the power limits
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are used for making sure that both CGs signals are present without scaling.
The second case can be used for verifying the power class in a straightforward manner.

In an accompanying CR [4], the core requirements are specified such that
< for UEs supporting dynamic power sharing, the core requirements are applicable for all possible PLTE and PNR if present, which means that the lower tolerance is determined by the configured power on the MCG only, assuming that the SCG is dropped >
If a UE indicates support of dynamicPowerSharing in the UE-MRDC-Capability IE

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p)], [image: image10.png]


}
PCMAX_ EN-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)], [image: image12.png]


}
< for UEs not supporting dynamic power sharing, we use the CG power limits PLTE and PNR for making sure that dual UL is transmitted, the tolerances are specified under the assumption that two signals are always present  >
whereas if the a UE is configured with
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, for any indication  of dynamicPowerSharing (supported or not supported),

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

PCMAX_ EN-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)]}
In the second case the UE is not allowed to scale: the LTE and NR (computed) power levels should not exceed the respective limits
[image: image17.wmf]LTE

ˆ

P

and
[image: image18.wmf]NR

ˆ

P

during the test procedure regardless of the sequence of “UP” commands. For the example given in the preceding section, setting
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= Ppowerclass,EN-DC 
the limits will be governed PCMAX_ EN-DC _L(p,q) = PCMAX_ EN-DC _H(p,q) = 23 dBm (both limits are implicitly bouded by 
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), which results in the tolerance +2/-3 dB. 
5 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)
For verification of the total transmission power for inter-band EN-DC this is a lesser problem since the configured power [image: image26.png]


 is a constant inded. The limits of Pumax are evaluated over the reference time (the LTE subframe), see [Eri].
6 Proposal

We conclude that the “IF conditions” in R4-1813844 cannot be used for specifying core requirements on the total transmission power for inter-band EN-DC. It is proposed that

· the core requirements (limits) on the total transmission power are specified by using the limits
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making sure that both CGs signals are present during verification of the requirements (including EN-DC power class).
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