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1 Background

In this contribution we propose to use the resolution in [1] that does

· not break the LTE timeline

· not require any modification of the NR timeline (K1/K2)

also for inter-band EN-DC. The timeline is less important for the CG power back-off that is independent, but more important for scaling for asymchronous EN-DC in particular (when NR slots overlap in time with LTE subframe boundaries). 

We also propose methods for verification of the total UE power and verification of the NR power reduction and dropping criteria outlined in the WF [2] for UEs supporting dynamic power sharing. It is important that standard methods for measuring maximum power conformance can be reused, i.e. sending “UP” commands on both CGs until the power no longer increases.
2 The configured total transmission power[image: image1.wmf]DC
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The power limits of the configured power should be specified, not any behavior (that is specified in 38.213). For inter-band EN-DC the configured maximum transmission power[image: image2.wmf]DC
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can be fixed threshold determined by the EN-DC power class since the maximum output power attainable on the MCG is not dependent on  SCG: the MCG power cannot be increased if the SCG power is reduced. The threshold represents the maximum conducted power represents the maximum conducted power that can be transmitted subject to SAR requirements and the unwanted emissions requirements if not limited by the P-Max for EN-DC. 
The[image: image3.wmf]DC

-

EN

Total

NR

LTE

ˆ

ˆ

ˆ

P

P

P

>

+

can be specified as a fixed threshold regardless of the power sharing capability, from the accompanying CR [3]:
For any indication of dynamicPowerSharing (supported or not supported) in the UE-MRDC-Capability IE the total configured transmission power for both synchronous and non-synchronous operation is


PEN-DC,tot = 10log10([image: image4.wmf]DC
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) = MIN{Ppowerclass,EN-DC ,PEMAX,EN-DC} + 0.3
[dBm]
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is the linear value of a configured maximum transmission power for EN-DC operation as specified in sub-clause 7.6 of [38.213], Ppowerclass,EN-DC the EN-DC power class of the band combination configured and PEMAX,EN-DC the limit of the UE power for EN-DC indicated by the IE p-MaxUE-FR1-r15 [36.331]. 

where the 0.3 dB adjustment is due to numerical issues when computing the total power with 20 dBm configured on each CG, see [1].
The Tc relaxation applicable at the band edges is not relevant for[image: image6.wmf]DC
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and power scaling since these relaxations effectively reduce the computed power levels on the MCG and SCG.
3 Handling of partial overlap

The WF [2] also states that

· handling of partial overlap needs to be addressed (including possibility to leave this up to the UE implementation)
which may be the impact of phase discontinuity (but less of a problem for inter-band CA with two separate PA) or due to asynchronous EN-DC or both. For UEs supporting dynamic power sharing, scaling in case of asynchronous EN-DC would be simplified using a constant threshold[image: image7.wmf]DC
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(no variation across LTE subframe boundaries) and the fact that the LTE timeline is maintained. In case the NR slot is overlapping an LTE subframe boundary, the scaling of the NR power can be based on the maximum LTE power on either side of the said boundary. The latter power levels are known well in advance, at least 2.5 ms before the NR grant is received.
4 Verification of total power Pumax

We propose a verification of the total power such that the standard methods for measuring maximum power conformance can be reused, i.e. sending “UP” commands on both CGs until the power no longer increases (optimizing the LTE power such that the NR reaches maximum, for example, would require substantial changes to the conformance test setup).

For UE not supporting dynamic power sharing the CG power would not be scaled after a sequence of “UP” commands, whereas for UE supporting dynamic power sharing the NR CG may be reduced or even dropped after the said sequence. The tolerances depends on the configured power (the computed Pcmax,c) on the two CGs, from [3],

 < 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  >
If a UE is configured with [image: image8.wmf]DC
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and for any indication  of dynamicPowerSharing (supported or not supported) in the UE-MRDC-Capability IE
PEN-DC_L (i1, i2) – Tlow(PEN-DC_L (i1, i2)) ≤  PUMAX  ≤  PEN-DC_H (i1, i2) + Thigh(PEN-DC_H (i1, i2))

where
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PEN-DC_L (i1, i2) = 10 log10 MIN{pCMAX_L,MCG (i1) + pCMAX_L,SCG (i2), [image: image14.wmf]DC
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PEN-DC_H (i1, i2) = 10 log10 MIN{pCMAX_H,MCG (i1) + pCMAX_H,SCG (i2), [image: image15.wmf]DC
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with 


pCMAX_L,MCG (i1) = pCMAX_L,c(1) and pCMAX_L,SCG (i2) = pCMAX_L,f,c(2) 


pCMAX_H,MCG (i1) = pCMAX_H,c(1) and pCMAX_H,SCG (i2) = pCMAX_H,f,c(2) 

where pCMAX_L,c(j) and t pCMAX_H,c(j) are the lower and upper limits of the respective configured maximum output powers for cell c(j) of CG j expressed in linear scale and the right-hand sides as specified above for sub-frame i1 and slot i2. Tlow(P) and Thigh(P) are the tolerances for applicable power levels as specified in Table 6.2B.4.1.3-1. 
< 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
PEN-DC_L (i1, i2) – Tlow(PEN-DC_L (i1, i2)) ≤  PUMAX  ≤  PEN-DC_H (i1, i2) + Thigh(PEN-DC_H (i1, i2))

where


PEN-DC_L (i1, i2) = 10 log10 MIN{pCMAX_L,MCG (i1), [image: image16.wmf]DC
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PEN-DC_H (i1, i2) = 10 log10 MIN{pCMAX_H,MCG (i1) + pCMAX_H,SCG (i2), [image: image17.wmf]DC
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where the tolerances Tlow(P) and Thigh(P) for applicable power levels P are specified in Table 6.2B.4.1.3-1. 
< the evaluation of the limits of the configured CG power can be made using e.g. the Teval for SA operation >
The evaluation of the PEN-DC_L (i1, i2) and PEN-DC_L (i1, i2)) in sub-frame i1 and slot i2 is TBD. 
< the upper tolerance is reduced by 0.3 dB to compensate for the same factor used in the[image: image18.wmf]DC
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 thereby maintaining the maximum allowed measured power (25 dBm for PC3) >
Table 6.2B.4.1.3-1: Configured maximum output power tolerance for inter-band EN-DC

	P
(dBm)
	Tolerance Tlow(P)
(dB)
	Tolerance Thigh(P)
(dB)

	23 < P ≤ 33
	[3.0]
	[1.7]

	22 ≤ P ≤ 23
	[5.0]
	[1.7]

	21 ≤ P < 22
	[5.0]
	[2.7]

	20 ≤ P < 21
	[6.0]
	[3.7]

	16 ≤ P < 20
	[5.0]
	[4.7]

	11 ≤ P < 16
	[6.0]
	[6.0]

	-40 ≤ P < 11
	[7.0]
	[7.0]


5 Verification of dropping/power reduction
According to the WF in [2], 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.” 

Power reduction and dropping have to be verified by making measurements on the NR CG (SCG) only. We would also like to keep the existing conformance test method as discussed above. 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: image22.wmf]DC
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is not exceeded. Using this test configuration, different levels of X 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 and not be dropped! “X = 23 -20 = 3 dB” [assuming the NR is  not limited by A-MPR in the test]

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! “X = 23 -19 = 4 dB”

Test 3:

PLTE = 22 dBm (max NR power is then 16 dBm), the NR power should not exceed 16 dBm. Then “X = 23 -16 = 7 dB” and we can allow the NR to drop.

The core requirement in 38.101-3 should be general, from [3]
If a UE is configured with
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, the IE p-NR-FR1 is either absent or indicates
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 and the UE indicates support of dynamicPowerSharing in the UE-MRDC-Capability IE, the measured maximum output power PUMAX in slot i2 on CG 2 shall be within
PEN-DC_L,c(2) (i1, i2) – T(PEN-DC_L,c(2) (i1, i2)) ≤  10 log10 pUMAX,c(2)  ≤  PEN-DC_H,c(2) (i1, i2) + T(PEN-DC_H,c(2) (i1, i2))

when transmission(s) in slot i2 on CG 2 overlap in time with transmission(s) in slot i1 on CG 1, where

PEN-DC_L,c(2) (i1, i2) = 10 log10 MIN{pCMAX_L,SCG (i2),[image: image27.wmf]DC
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– MIN (pCMAX_L,MCG (i1),
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PEN-DC_H,c(2) (i1, i2) = 10 log10 MIN{pCMAX_H,SCG (i2),[image: image29.wmf]DC
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– MIN (pCMAX_L,MCG (i1),
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whenever 10 log10 MIN{[image: image31.wmf]DC
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– MIN (pCMAX_L,MCG (i1),
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)} is less than [6 dB or the value indicated in RRC signaling] with the tolerance T(P) for applicable power levels P as specified in Table 6.2.4-1 of [38.101-1]. The evaluation of the measured power over slot slot i2 is in accordance with subclause 6.2.4 of [38.101-1]; if the slot i2 on CG 2 overlaps with more than [one symbol] of subframe i1 – 1 or i1 + 1 on CG 1, the pCMAX_L,MCG is the minimum of that evaluated over subframe i1 and subframe i1 – 1 or i1 + 1.  
In practice it will be difficult to verify the range of X is [0, 2, 4 or 6] dB given the large tolerances at lower power. It may be sufficient to assume a fixed X = 6 dB, which is also reasonable from a system standpoint (for UL HARQ operation it is rarely beneficial to drop the NR if only downscaled by a few dBs).
6 Proposal

For the specification of the configured power for inter-band EN-DC, it is proposed to

· use the method described in [1] whereby the LTE timeline is kept and the LTE is allocated the required power

· specify the total transmission power [image: image33.wmf]DC
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as a fixed threshold determined by the EN-DC power class since the maximum output power attainable on the MCG is not dependent on the SCG power.
An accompanying CR is supplied in [3].
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