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1 Background

In this contribution we propose a test procedure for the total transmitter power (the measured Pumax) and NR power dropping for intra-band EN-DC (both contiguous and non-contiguous). This is based on a specification of the configured output power in accordance with the proposals in [1] and [2]. The verification is consistent with the proposals for inter-band EN-DC in [3] and [4]. A companion CR is provided in [5].
2 The configured total transmission power[image: image1.wmf]DC
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The proposal in [1] with allowed A-MPR (not power reduction) according to [2] is based on specifying the [image: image3.png]


 as a fixed threshold for UEs not supporting dynamic power sharing, while the [image: image5.png]


 can be configured in a range governed by the A-MPR allowed for the total transmitted power similar to the Pcmax of the CGs. For UEs not supporting dynamic power sharing, the [image: image7.png]


 must be fixed (given by reported and configured values known to the BS) such that the BS can appropriately configure the[image: image8.wmf]LTE
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for dual UL operation and does not have to depend on the A-MPR. 
In the companion CR [5]:

For UEs not indicating support of dynamicPowerSharing in the UE-MRDC-Capability IE the total configured transmission power is


PEN-DC,tot = 10log10([image: image11.png]


) = MIN{PPowerClass,EN-DC, PEMAX,EN-DC} + 0.3
[dBm]
where and operation [image: image13.png]


 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]. 

For UEs indicating support of dynamicPowerSharing in the UE-MRDC-Capability IE the UE can configure the total transmission power within the range


PEN-DC,tot_L <  PEN-DC,tot <  PEN-DC,tot_H
where 


PEN-DC,tot_L (p,q) = MIN{ PPowerClass,EN-DC – A-MPR, PEMAX,EN-DC}


PEN-DC,tot_H (p,q) = MIN{PPowerClass,EN-DC, PEMAX,EN-DC}
for sub-frame p on CG 1 overlapping with slot q on CG 2 and A-MPR in accordance with sub-clause 6.2B.3.1.
The A-MPR is the allowed power back-off of the total power (and for the NR CG). 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: image14.wmf]DC
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and power scaling since these relaxations effectively reduce the computed power levels on the MCG and SCG.
3 Verification of the total transmitted power
We propose to verify the total transmitted power (by the Pumax measurement) in the same way as for inter-band EN-DC case but accounting for the fact that the [image: image16.png]


 can be set within a range for UEs supporting dynamic power sharing.
In [3] we propose that he core requirements for the total power for inter-band EN-DC is 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: image18.png]


}
PCMAX_ EN-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)], [image: image20.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 reduce the NR power.
For intra-band EN-DC we make the following modifications
< for UEs supporting dynamic power sharing, the total power is capped by the upper limit of [image: image26.png]


, the       PEN-DC,tot_H = MIN{PPowerClass,EN-DC, PEMAX,EN-DC} that depends on the EN-DC power class and P-Max if present > 
If a UE indicates support of dynamicPowerSharing
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p)], PEN-DC,tot_H}
PCMAX_ EN-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)], PEN-DC,tot_H}

whereas if the a UE is configured with 10 log10 (
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) ≤ PEN-DC,tot_L if dynamicPowerSharing is supported or with 
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 if not supported,
< for UEs supporting dynamic power sharing, presence of two signals can only be guaranteed if 10 log10 (
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) ≤ PEN-DC,tot_L since the BS (test system) is not aware of the actual [image: image36.png]


  applied by the UE, no change for UEs not supporting dynamic power for which the [image: image38.png]


 is a known threshold >
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)]}
This is implemented in the companion CR [5]. 
Verification of the EN-DC power class at the nominal power may be difficult if A-MPR of the total signal is always > 0 dB for all allocations, then the lower tolerance may be excessive. However, the
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can be configured such that only one CG is present (or the other is active but not scheduled). 
4 Verification of NR power reduction
Likewise we propose to verify the power reduction in the same way as for inter-band EN-DC case but accounting for the fact that the [image: image42.png]


 can be set within a range for UEs supporting dynamic power sharing and is not known to the test system. 
For the inter-band case with its fixed the [image: image44.png]


threshold, 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: image49.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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 – 
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PEN-DC_L,c(2) (p,q) = MIN{PCMAX_L,f,c,,NR (q), 10 log10 ([image: image55.png]


 – pCMAX L _ E-UTRA,c (p))}


PEN-DC_H,c(2) (p,q) = MIN{PCMAX_H,f,c,,NR (q), 10 log10 ([image: image57.png]


 – pCMAX L _ E-UTRA,c (p))}

whenever the power reduction {PCMAX,f,c,NR (q) – 10 log10 ([image: image59.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: image61.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.
For intra-band EN-DC we make the following changes:
If a UE is configured with
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<  PEN-DC,tot_H 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 configured 
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 is now bounded by the upper limit of [image: image65.png]


that is known to the test system >

PEN-DC_L,c(2) (p,q) = MIN{PCMAX_L,f,c,,NR (q), 10 log10 (pEN-DC,tot_H – pCMAX L _ E-UTRA,c (p))}


PEN-DC_H,c(2) (p,q) = MIN{PCMAX_H,f,c,,NR (q), 10 log10 (pEN-DC,tot_H – pCMAX L _ E-UTRA,c (p))}

whenever the power reduction{PCMAX,f,c,NR (q) – 10 log10 (pEN-DC,tot_H – pCMAX L _ E-UTRA,c (p))} rounded up to the next integer value is less than or equal to {X_scale – (PEN-DC,tot_H – PEN-DC,tot_L)}; the tolerance T(P) for applicable power levels P is specified in Table 6.2.4-1 of [38.101-1] and
< the dropping criterion is now offset by the value PEN-DC,tot_H – PEN-DC,tot_L which reduces the minimum required scaling for the highest total power levels since the of [image: image67.png]


 can be anywhere in the range (PEN-DC,tot_L, PEN-DC,tot_L); this can be remedied by configuring the PEMAX,EN-DC at a value sufficientlysuch such that PEN-DC,tot_H = PEN-DC,tot_L >
· 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]. 

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
[image: image68.wmf]LTE

ˆ

P

+
[image: image69.wmf]NR

ˆ

P

≤ [image: image71.png]


, then the {PCMAX,f,c,NR (q) – 10 log10 ([image: image73.png]


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

Dropping can in be verified at lower levels by configuring the P-Max for EN-DC, PEMAX,EN-DC, at level lower than the     PEN-DC,tot_H, e.g. set PEMAX,EN-DC < PEN-DC,tot_L (then equals PEN-DC,tot_H). This also means that the dropping criterion 

{X_scale – (PEN-DC,tot_H – PEN-DC,tot_L)} = X_scale
This is implemented in the companion CR [5].
5 Proposal

We propose that for intra-band EN-DC

1. the core requirements (limits) on the total transmission power are specified by using the limits
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2. 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 
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