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1. Introduction
In many EN-DC Rx/Tx test cases, the UE total transmitted power during the test will be close to configured maximum transmission power, Pcmax. The total UE transmitted power is the sum of LTE and NR power, during simultaneous LTE+NR UL transmission and may be subject to power scaling. Therefore, a different test procedure/test configuration may be needed compared to a single UL case.
The purpose of this contribution is to provide an analysis of how to define a test case, to handle the case with simultaneous UL LTE and NR transmission in a maximum output power scenario, where the intention with the test point is to keep the NR and LTE carriers at known power levels without any power scaling during the duration of the test.  
This paper is only applicable to none anchor agnostic approach in EN-DC operation (with anchor agnostic approach, LTE will not be scheduled)     
2. Discussion

2.1. General
E-UTRA UEs, supporting EN-DC operation may have the capability of dynamic power sharing (DPS). If the UE doesn’t support DPS, static power sharing (SPS) is applied on the UE side for UL power. The UE will declare if DPS is supported via UE capability physical layer parameter dynamicPowerSharing, defined as per 38.306 [3]:
dynamicPowerSharing

Indicates whether the UE supports dynamic EN-DC power sharing or not. If the UE supports this capability it will dynamically share the power between NR and LTE if P_LTE + P_NR > Pcmax.
2.2. Static Power Sharing (SPS)
If the UE doesn’t indicate capability of dynamic power sharing, SPS is applied on the UE side. SPS is described in detail in 38.213[1], clause 7.6.1; 
If a UE is configured with 
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 is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for frequency range 1, the UE determines a transmission power on the SCG as follows.

-
If the UE is configured with reference TDD configuration for E-UTRA (by higher layer parameter tdm-PatternConfig-r15 in [13, TS 36.213])
-
If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR, the UE does not expect to transmit in a slot on the SCG in frequency range 1 when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration.
-     If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR, the UE expects to be configured with reference TDD configuration for E-UTRA (by higher layer parameter tdm-PatternConfig-r15 in [13, TS 36.213]). 
Observation 1: For a UE that doesn’t support DPS, to enable simultaneous LTE + NR UL transmission, 
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, aka Pcmax. If this criteria isn’t met, the NR link will be dropped. 
The table below shows examples of p-max configurations for LTE and NR that will keep the total transmitted power, 
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, below or equal to Pcmax in the case of continuous “up” TPC commands. The example is based on an UE of power class 3 with Pcmax = 23 dBm.
	p-max carrier 1 (E-UTRA/NR) [dBm]
	22
	21
	20
	19

	p-max carrier 2 (E-UTRA/NR)  [dBm]
	16
	18
	20
	20

	Total transmitted power (max)  [dBm]
	23,0
	22,8
	23,0
	22,5


Different combinations of p-max values (NR + LTE) might impact the test result. Maybe more than one p-max combination is desired to be tested. It is therefore a good idea to analyse the p-max settings, test case by test case in the TP analysis paper. If the test case doesn’t test at power levels close to Pcmax, selection of IE p-max value may not be that critical. Such a case could also be captured in the TP analysis. 

2.3. Dynamic Power Sharing (DPS)
If the UE indicates capability of dynamic power sharing, DPS is applied on the UE side. DPS is described in detail in 38.213[1], clause 7.6.1; 

If a UE is configured with 
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 is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for frequency range 1, the UE determines a transmission power on the SCG as follows.

-
If the UE indicates a capability for dynamic power sharing between E-UTRA and NR and
-
if the UE transmission(s) in subframe 
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 of the MCG overlap in time with UE transmission(s) in slot 
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-
if 
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 in any portion of slot 
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the UE reduces transmission power in any portion of slot 
[image: image22.wmf]2

i

 of the SCG so that 
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 are the linear values of the total UE transmission powers in subframe 
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 of the SCG in frequency range 1, respectively.
Observation 2: For a UE that supports DPS, if
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, the power of the NR carrier is scaled down.

Observation 3: As of today, it’s not specified by how much the NR carrier is scaled down, as long as the total transmitted power is below Pcmax. One interpretation and UE implementation could be to drop the NR carrier totally in the UL.
Let’s look closer at the test configuration for test case out-of-band emissions for intra-band contiguous EN-DC, as an example. As per TP analysis paper R5-186229 [4], simultaneous E-UTRA and NR transmission is specified with RB allocation at the edges of each transmitting BW, as shown in the picture below. The dark part of each BW indicates the RB allocation.
 
[image: image32]
The test procedure sends continuously “up” command on both carriers. If the total UE transmitted power in the test becomes greater than Pcmax, the NR power will be scaled down to a lower level and may even drop to 0 W, as per TS 38.213 [1]. This would occur if p-max is set to 23 dBm for both NR and E-UTRA and Pcmax is 23 dBm. The initial purpose of this test point may then be lost due to scaled NR carrier power. 
NOTE; This paper does not preclude selection of test points where dynamic power sharing kicks in, but this should also be part of the test point analysis. 

Discussion has started in RAN4 to specify new requirements for specific testing of dynamic power sharing functionality. 

2.4. EN-DC test case example

Below is an example of an EN-DC test case with simultaneous LTE and NR UL transmission at Pcmax power level, assuming the following outcome from the test point analysis:

Analysis 1: Add test point were the NR carrier power is scaled due to dynamic power sharing (if supported by the UE),
Analysis 2: Add test point with both NR and E-UTRA carrier active at the same power level, 20 dBm selected.
Analysis 3: Add test point with both NR and E-UTRA carrier active with the NR power 3 dB higher than E-UTRA, 21 dBm and 18 dBm selected.
Analysis 4: Add a test point where the power of the LTE carrier is dropped (static power sharing power limit reached) if DPS isn’t supported by the UE.
In the test configuration table below, test step 1 applies to analysis 1, test step 2 applies to analysis 2, test point 3 applies to analysis 3. We expect that analysis 4 would most likely not be an outcome from any TP analysis and is therefore excluded from the table below due to readability (to also cover analysis 4 in the test configuration table, NOTE 1 could be removed).  
Table 6.2B.1.1.4.1-1: Test configuration table

	                    Initial Conditions
	

	Test Environment

as specified in TS 38.508-1 [6] subclause 4.1
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	

	Test Frequencies

as specified in TS 38.508-1 [6] subclause 4.3.1
	TBD
	

	Test CC Combinations setting (NRB_agg) as specified in TS 38.508-1 [6] subclause 4.3.1
	TBD
	

	Test SCS for the NR cell as specified in TS 38.521-1 [8] Table 5.3.5-1
	TBD
	

	                   Test Parameters
	

	Test ID
	Downlink Configuration
	               EN-DC Uplink Configuration
	

	
	
	E-UTRA Cell
	NR Cell
	Common

	
	
	Modulation
	RB allocation
	Modulation
	RB allocation
	Power sharing

	1 (NOTE 1)
	N/A for MOP testing.
	TBD
	TBD
	TBD
	TBD
	

	2
	
	TBD
	TBD
	TBD
	TBD
	Config A

	3
	
	TBD
	TBD
	TBD
	TBD
	Config B

	…
	
	…
	…
	…
	…
	…

	NOTE 1: Test point is only applicable for UE(s) with dynamic power sharing capability.
	


…   
6.2B.2.1.4.3
Message contents

Message contents are according to TS 38.508-1 [6] subclause 4.6.1, with the following exceptions
Table 6.2B.2.1.4.3-1: SystemInformationBlockType1: power sharing configuration A
	Derivation Path: TS 36.508 [7] clause 4.4.3.2, Table 4.4.3.2-3 SystemInformationBlockType1

	Information Element
	Value/remark
	Comment
	Condition

	p-Max
	20
	20 dBm, E-UTRA
	


Table 6.2B.2.1.4.3-2: P-Max: power sharing configuration A
	Derivation Path: TS 38.508 [6], clause 4.6.2, Table 4.6.3-66 P-Max

	Information Element
	Value/remark
	Comment
	Condition

	P-Max
	20
	20 dBm, NR
	


Table 6.2B.2.1.4.3-3: SystemInformationBlockType1: power sharing configuration B
	Derivation Path: TS 36.508 [7] clause 4.4.3.2, Table 4.4.3.2-3 SystemInformationBlockType1

	Information Element
	Value/remark
	Comment
	Condition

	p-Max
	18
	18 dBm, E-UTRA
	


Table 6.2B.2.1.4.3-4: P-Max: power sharing configuration B
	Derivation Path: TS 38.508 [6], clause 4.6.2, Table 4.6.3-66 P-Max

	Information Element
	Value/remark
	Comment
	Condition

	P-Max
	21
	21 dBm, NR
	


Setting of different P-Max values could also be solved with new conditions in Table 4.6.3-66 in 38.508-1 [6]. 
No additional updates to the test procedure is expected. 

3. Conclusion
It is proposed that RAN5 discusses and agrees the following proposals for open areas described in section 2 of this document to progress on EN-DC test cases.
Proposal 1: Add a new chapter in the TP analysis paper, to analyse p-max combination(s) to be tested. Specify N/A for not applicable test cases.  
Proposal 2: To enable a known and stable power level of the NR and LTE carrier, at high Tx power levels, set the IE p-max to a value for NR and LTE that will keep total transmitted power below or equal to Pcmax.

Proposal 3: Update applicable test cases as shown in chapter 2.4 above.
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