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1	Introduction 
A new work item to define the OTA test methodology and TRP/TRS requirements for UEs operating in NR FR1 stand-alone and EN-DC within FR1 configurations was approved during the RAN #91 [1] and further revised during RAN #92 [2].  During the RAN4 #100 meeting the following agreements related to the EN-DC power configuration were reached [3]:

	Sub-topic 3-1 EN-DC power splitting
Issue 3-1-1: EN-DC power splitting
· Proposals
· Proposal 1: The scheme of 50%-50% power splitting with only fixed 50% power for LTE, e.g., for PC3, 20dBm LTE and no upper power limit setting for NR is adopted for EN-DC TRP measurement. (QC, Xiaomi, vivo)
· Proposal 2: The EN-DC power configuration for the TRP/TRS test shall follow the RAN5 LTE anchor agnostic approach. (Apple)
· Proposal 3: adopt Option 2a (maximize NR power) for ENDC SISO OTA test. (Samsung)
· Proposal 4: For FR1 EN-DC TRP test, Power splitting between LTE and NR uses similar configurations as conducted test of UE maximum output power which is p-NR-FR1 = p-MaxEUTRA-r15 = 20 for Power Class 3 UE, p-NR-FR1 = p-MaxEUTRA-r15 = 23 for Power Class 2 UE, i.e. option 1a in the WF. (Huawei)
· Agreements
· RAN4 target to conclude EN-DC power setting-up under Nov 2021 RAN4 meeting.

Issue 3-1-2: UL power configuration for TRP and TRS
· Agreements
· RAN4 target to conclude the UL power configuration of TRS together with TRP in Nov 2021 RAN4 meeting.

Sub-topic 3-2 DPS test 
Issue 3-2: DPS 
· Agreements
· RAN4 will not define a new OTA test method to quantify DPS function and performance. In addition, no new requirements will be defined for DPS UEs.



This contribution provides our views on the EN-DC power configuration for the TRP/TRS test and raises another issue related to the criteria by which RAN4 should select the test configurations for the TRP/TRS test in EN-DC mode.
2	Discussion 
2.1	EN-DC power split
We examine the alternatives captured in the WF from RAN4 #100 (and rename them from "proposal" to "alternative" in order to avoid confusion in this paper):
Alt 1:	The scheme of 50%-50% power splitting with only fixed 50% power for LTE, e.g., for PC3, 20dBm LTE and no upper power limit setting for NR is adopted for EN-DC TRP measurement. (QC, Xiaomi, vivo)
Alt 2:	The EN-DC power configuration for the TRP/TRS test shall follow the RAN5 LTE anchor agnostic approach. (Apple)
Alt 3:	adopt Option 2a (maximize NR power) for ENDC SISO OTA test. (Samsung)
Alt 4:	For FR1 EN-DC TRP test, Power splitting between LTE and NR uses similar configurations as conducted test of UE maximum output power which is p-NR-FR1 = p-MaxEUTRA-r15 = 20 for Power Class 3 UE, p-NR-FR1 = p-MaxEUTRA-r15 = 23 for Power Class 2 UE, i.e. option 1a in the WF. (Huawei)

We observe that Alt 1 proposes a scheme which has the potential to trigger the rules for the prioritization for transmission power reductions, as defined in TS38.213 in Clause 7.6 (the prioritization rules themselves are omitted without loss of generality of this discussion):

	[bookmark: _Toc12021454][bookmark: _Toc20311566][bookmark: _Toc26719391][bookmark: _Toc29894822][bookmark: _Toc29899121][bookmark: _Toc29899539][bookmark: _Toc29917276][bookmark: _Toc36498150][bookmark: _Toc45699176][bookmark: _Toc83289648]7.6.1	EN-DC
If a UE is configured with a MCG using E-UTRA radio access and with a SCG using NR radio access, the UE is configured a maximum power [image: ] for transmissions on the MCG by p-MaxEUTRA and a maximum power [image: ] for transmissions in FR1 on the SCG by p-NR-FR1. 

The UE determines a transmission power for the MCG as described in [13, TS 36.213] using [image: ] as the maximum transmission power. The UE determines transmission power for the SCG in FR1 as described in clauses 7.1 through 7.5 using [image: ] as the maximum transmission power. The 

UE determines transmission power for the SCG in FR2 as described in clauses 7.1 through 7.5.
A UE does not expect to be configured for operation with shortened TTI and/or processing time [13, TS 36.213] on a cell that is included in an EN-DC configuration.

If a UE is configured with [image: ], where [image: ] is the linear value of [image: ], [image: ] is the linear value of [image: ], and [image: ] is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for FR1, the UE determines a transmission power for the SCG as follows.



As a general statement, it is a reasonable assumption that the test to verify the OTA performance of the NR carrier in an EN-DC configuration should not be additionally complicated by prioritization rules and other power sharing features (following this principle, 3GPP agreed to remove dynamic power sharing from the scope of this work item).

[bookmark: _Toc85732534][bookmark: _Toc85732574][bookmark: _Toc85805185]Observation 1:	The test to verify the OTA performance of the NR carrier in an EN-DC configuration should not be additionally complicated by prioritization rules.

Assuming a PC3 EN-DC configuration, and assuming we aim to avoid the prioritization rules, the 20 dBm LTE power setting necessitates that the NR carrier should not be configured with power > 20 dBm.  However, Alt 1 does not provide a method to reliably set the NR carrier power level.  Typical TRP measurement procedures utilize TPC "power up" commands to ensure the UE maximizes its output power for the test; clearly, with the configuration proposed in Alt 1 this approach would not be possible, and it is no longer clear how the test configuration can reliably set any power level for the NR carrier, thereby leading to unpredictable TRP results.

[bookmark: _Toc85732535][bookmark: _Toc85732575][bookmark: _Toc85805186]Observation 2:	Alt 1 does not have a method to reliably set the power of the NR carrier.

Alt 2 is based on the work RAN5 has already undertaken in defining the LTE anchor agnostic approach in TS38.521-3 [5]:

	[bookmark: _Toc27475537][bookmark: _Toc29495128][bookmark: _Toc36116174][bookmark: _Toc36118223][bookmark: _Toc36560336][bookmark: _Toc43976833][bookmark: _Toc52213393][bookmark: _Toc60742849][bookmark: _Toc68206027][bookmark: _Toc75971823]4.6	E-UTRA configuration for EN-DC FR1 tests applying the E-UTRA anchor-agnostic approach
This clause applies to EN-DC test cases where E-UTRA anchor needs to be configured as per the anchor-agnostic approach outlined in clauses 6.1 and 7.1 of TS 38.101-3 [4].The LTE anchor-agnostic approach is defined as measurements on the NR carrier under conditions where the LTE anchor resources do not interfere with NR operation. The configuration defined in this clause ensures establishment of such conditions.

For baseline configuration, the E-UTRA carrier will be configured for each test case in clauses 6 and 7 as defined in the equivalent standalone E-UTRA test in TS 36.521-1 [10]. However, the below exceptions defined in Table 4.6-1, 4.6-2, 4.6-3, 4.6-4 and 4.6-5 are applied to ensure that the E-UTRA anchor resources do not interfere with NR operation.

For EN-DC within FR1 band combinations with multiple E-UTRA component carriers, it is sufficient to configure any one E-UTRA carrier from the carrier group whenever it is determined that anchor agnostic approach can be applied. Unless otherwise stated, the number of component carriers (CCs) listed in the test case titles of Clause 6 and clause 7 shall refer to the number of component carriers configured within the test case.

Table 4.6-1: E-UTRA configuration for EN-DC FR1 tests applying anchor agnostic approach
	Parameter
	Value
	Comments

	Test Frequency during and after connection setup
	Mid (See Table 4.6-2)
	As defined in TS 36.508 for the LTE band under test

	Bandwidth during and after connection setup
	5 MHz (See Table 4.6-2)
	Supported by all LTE bands.

	DL signal levels during connection setup
	RS EPRE -85.0 dBm/15kHz
	DL physical channels as defined in Annex C0, C.1, C.2 and Annex C.3 of TS 36.521-1 [10].
TS 36.521-1 [10] annex C.0 defines the default DL power level of RS EPRE to be -85dBm/15kHz.

	UL Signal levels during connection setup
	PUSCH Power
	Attained by enabling open loop power control and setting up UL signal levels according to Annex H.0, H.2 and H.3 of TS 36.521-1 [10].

	DL/UL RMC after connection setup
	0 RB allocation on both DL and UL (see Table 4.6-2)
	Once the LTE link is established, then LTE Tx can be restricted by configuring 0 RB allocation on DL and UL.
[bookmark: _Hlk526983556]TimeAlignmentTimerDedicated IE to be set to infinity to ensure UE doesn't look for TA adjustments (See Table 4.6-5)

	CQI Reports and SRS after connection setup
	Disabled (See Table 4.6-3 and 4.6-4)
	Disable periodic and aperiodic CQI reports to ensure none of these transmissions occur on the LTE uplink.
Since LTE transmissions could easily exceed spurious emissions limits, tests that are intended to measure RF parameters on the NR should simply avoid LTE transmit altogether.



Table 4.6-2: E-UTRA Test Configuration Table
	[bookmark: _Hlk526840846]E-UTRA Test Parameters

	E-UTRA Channel Bandwidth
	E-UTRA Test Frequency
	Downlink
	Uplink

	
	
	Modulation
	RB allocation
	Modulation
	RB allocation 

	5 MHz2
	MidRange1
	N/A
	0
	N/A
	0

	NOTE 1:	E-UTRA Test Frequency as specified in TS 36.508 [11] clause 4.3.1.
[bookmark: _Hlk526948998]NOTE 2:	For EN-DC Intra-band tests that need to apply E-UTRA anchor agnostic approach, refer to and pick applicable E-UTRA channel bandwidth from clause 5.3B.1 and indicate within test case if it is different than 5 MHz.



Table 4.6-3: CQI-ReportConfig-DEFAULT: Additional E-UTRA Anchor Configuration
	Derivation Path: TS 36.508 [7] clause 4.6.3, Table 4.6.3-2 CQI-ReportConfig-DEFAULT

	Information Element
	Value/remark
	Comment
	Condition

	CQI-ReportConfig-DEFAULT ::= SEQUENCE {
	
	
	

	  cqi-ReportModeAperiodic
	NOT PRESENT
	
	

	  cqi-ReportPeriodic
	NOT PRESENT
	
	

	}
	
	
	



Table 4.6-4: PhysicalConfigDedicated-DEFAULT: Additional E-UTRA Anchor Configuration
	Derivation Path: TS 36.508 [7] clause 4.8.2, Table 4.8.2.1.6-1 PhysicalConfigDedicated-DEFAULT

	Information Element
	Value/remark
	Comment
	Condition

	PhysicalConfigDedicated-DEFAULT ::= SEQUENCE {
	
	
	

	  soundingRS-UL-ConfigDedicated
	Not present
	
	RBC

	}
	
	
	



Table 4.6-5: MAC-MainConfig-RBC: Additional E-UTRA Anchor Configuration
	Derivation Path: TS 36.508 [7] clause 4.8.2.1.5, Table 4.8.2.1.5-1 MAC-MainConfig-RBC

	Information Element
	Value/remark
	Comment
	Condition

	[bookmark: _Hlk522384728]  timeAlignmentTimerDedicated
	Infinity
	
	






The power level configuration of the E-UTRA carrier is configured as follows:
-	During connection setup the carrier is configured for open loop power control, and default LTE test environment configurations are used from TS36.508 [7]
-	After connection setup the carrier is configured for 0 RB allocations in UL and DL

[bookmark: _Toc85732536][bookmark: _Toc85732576][bookmark: _Toc85805187]Observation 3:	Alt 2 can reliably set the power of the NR carrier and ensure that all UEs undergo the TRP test under equivalent conditions.

When considering Alt 3, we note that there is some similarity with Alt 2.  Both approaches aim to maximize the power of the NR carrier.  However, just as with Alt 1, the LTE carrier power setting is missing.  If test equipment utilizes TPC "power up" commands on the LTE carrier (to, for example, ensure the device remains in connected mode during the test), then the UE may increase its output power and trigger carrier prioritization procedures.  This behavior would be difficult to control within the test environment due to unknown differences in antenna responses across UE implementations.  One consideration to improve Alt 3 is to also introduce a power setting for the LTE carrier.  There is precedence to setting E-UTRA UL Signal Levels/LTE power setting (refer Table 4.6-1) for EN-DC FR1 conducted tests. Similar approach can be used for FR1 TRP/TRS testing with objective to ensure E-UTRA anchor power is around 0 dBm to prevent interfering with NR operation.

[bookmark: _Toc85732537][bookmark: _Toc85732577][bookmark: _Toc85805188]Observation 4:	Without modification, Alt 3 cannot reliably set the power of the LTE carrier and ensure that prioritization rules are not triggered during the test; possible options could be a very low absolute output power (e.g. 0 dBm) or as a large delta relative to the NR carrier power level.

In our understanding, Alt 4 is the least applicable option to OTA testing of the NR carrier in EN-DC mode.  By setting the LTE and NR carriers to power levels which exactly equal the threshold of triggering prioritization rules, the actual power level delivered to the NR carrier by the UE can differ across implementations, since different UE implementations consider MPR and calibration tolerances, thereby potentially causing some UEs to trigger the rules. 

[bookmark: _Toc85732538][bookmark: _Toc85732578][bookmark: _Toc85805189]Observation 5:	Alt 4 has the potential to trigger rules for the prioritization for transmission power reductions in an unpredictable manner, thereby causing unpredictable UE behavior during the test.

[bookmark: _Toc79081429][bookmark: _Toc79081436][bookmark: _Toc79081455][bookmark: _Toc79081567][bookmark: _Toc85728824][bookmark: _Toc85728962][bookmark: _Toc85729066][bookmark: _Toc85732541][bookmark: _Toc85732581][bookmark: _Toc85805192]Proposal 1:	The EN-DC power configuration for the TRP/TRS test shall follow the RAN5 LTE anchor agnostic approach.

2.2	EN-DC configurations
Another aspect uniquely associated with EN-DC OTA testing methodology is the potential to trigger sensitivity degradation in either the LTE or NR carrier as a function of EN-DC configuration and the allocation of UL and DL resources in the frequency domain.  From the perspective of minimum requirements on REFSENS, RAN4 has defined a framework to consider the applicable mechanisms for sensitivity degradation due to harmonic interference and intermodulation products and has captured the requirement as an allowed maximum sensitivity degradation (MSD) in the 38.101-1.  From the perspective of OTA testing of the NR carrier in EN-DC mode, sensitivity degradation of either the LTE or NR carrier is not desired:  in the former case the link between the UE and test equipment might be lost, thereby triggering a reconnection procedure and increasing the overall test time, and in the latter case defining the TRS requirement for the NR carrier with MSD-related relaxations can obscure the relationship between the TRS test and antenna design metrics.

[bookmark: _Toc13820865][bookmark: _Toc13820963][bookmark: _Toc13823287][bookmark: _Toc13823509][bookmark: _Toc13823765][bookmark: _Toc85728960][bookmark: _Toc85729064][bookmark: _Toc85732539][bookmark: _Toc85732579][bookmark: _Toc85805190]Observation 6:	If an OTA test uses an EN-DC configuration with MSD impact on the LTE carrier, then the link between the UE and test equipment might be lost, thereby triggering a reconnection procedure and increasing the overall test time

[bookmark: _Toc85732540][bookmark: _Toc85732580][bookmark: _Toc85805191]Observation 7:	If an OTA test uses an EN-DC configuration with MSD impact on the NR carrier, then the TRS requirement for the NR carrier with MSD-related relaxations can obscure the relationship between the TRS test and antenna design metrics

An additional consideration associated with the selection of EN-DC configurations for the OTA test is related to the principle of focusing on the performance of the NR carrier in an EN-DC configuration.  From this perspective, there is no motivation to consider the permutations of different LTE bands configured with the NR band under test.

[bookmark: _Toc85732542][bookmark: _Toc85732582][bookmark: _Toc85805193]Proposal 2:	RAN4 should select EN-DC configurations for OTA testing according to the following principles: A) Focus on the performance of the NR carrier and do not consider multiple permutations between different LTE bands and NR band under test; B) Consider only those EN-DC configurations which have no MSD impact on either LTE or NR

3	Conclusions
This contribution provides our views on the topic of EN-DC test configurations for the TRP/TRS test and makes the following observations and proposals:

Observation 1:	The test to verify the OTA performance of the NR carrier in an EN-DC configuration should not be additionally complicated by prioritization rules.
Observation 2:	Alt 1 does not have a method to reliably set the power of the NR carrier.
Observation 3:	Alt 2 can reliably set the power of the NR carrier and ensure that all UEs undergo the TRP test under equivalent conditions.
Observation 4:	Without modification, Alt 3 cannot reliably set the power of the LTE carrier and ensure that prioritization rules are not triggered during the test; possible options could be a very low absolute output power (e.g. 0 dBm) or as a large delta relative to the NR carrier power level.
Observation 5:	Alt 4 has the potential to trigger rules for the prioritization for transmission power reductions in an unpredictable manner, thereby causing unpredictable UE behavior during the test.
Observation 6:	If an OTA test uses an EN-DC configuration with MSD impact on the LTE carrier, then the link between the UE and test equipment might be lost, thereby triggering a reconnection procedure and increasing the overall test time
Observation 7:	If an OTA test uses an EN-DC configuration with MSD impact on the NR carrier, then the TRS requirement for the NR carrier with MSD-related relaxations can obscure the relationship between the TRS test and antenna design metrics


Proposal 1:	The EN-DC power configuration for the TRP/TRS test shall follow the RAN5 LTE anchor agnostic approach.
Proposal 2:	RAN4 should select EN-DC configurations for OTA testing according to the following principles: A) Focus on the performance of the NR carrier and do not consider multiple permutations between different LTE bands and NR band under test; B) Consider only those EN-DC configurations which have no MSD impact on either LTE or NR
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