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1.	Introduction
In this contribution we point out a testability issue with the out-of-band blocking (OoBB) requirement for FR1 EN-DC UE. The issue applies in a case an antenna in a UE is commonly used between E-UTRA and NR.
 
2.	Discussion
2.1 Background
A part of TS 38.101-3 [1] sub clause 7.6B.3 “Out-of-band blocking for DC in FR1” is extracted as follows.
	[bookmark: _Toc21351778][bookmark: _Toc29807360]7.6B.3.3	Inter-band EN-DC within FR1
Out-of band blocking requirements for E-UTRA single carrier and CA operation specified in clauses 7.6.2.1 and 7.6.2.1A of TS 36.101 [4] and for NR single carrier and CA operation specified in clauses 7.6.3 and 7.6A.3 of TS 38.101-1 [2] apply for lowest level EN-DC fallbacks (two bands) in clause 5.5.B.4.1 with following conditions
one E-UTRA uplink carrier with the output power set to 4 dB below PCMAX_L and the NR band whose downlink is being tested has its uplink carrier output power set to minimum output power as defined in clause 6.3.1 of TS 38.101-1 [2]
one NR uplink carrier with the output power set to 4 dB below PCMAX_L on the NR band with both E-UTRA and NR downlinks being tested with E-UTRA output power set to minimum output power as defined in clause 6.3.2.1 of TS 36.101 [4].


 As can be seen in the descriptions above, an output power level of E-UTRA and NR uplink carrier is currently defined as almost maximum or minimum power for each. And it turned out that a testability issue occurs depending on an antenna configuration in the EN-DC UE due to a lack of receiver dynamic range with a test equipment. In a case an antenna (connector) to measure throughput is common between E-UTRA and NR in the UE, two uplink signals with approximately 60 dB power difference may be input in the test equipment simultaneously. Then the lower power (minimum) uplink signals to be tested could be below a noise level of the test equipment because a hardware setting of the TE must be decided to protect the receiver based on a maximum input level.
Observation 1: Based on the current definition of the OoBB uplink signal levels, if an antenna (connector) is common between E-UTRA and NR in a UE, too much power imbalance will cause a testability issue with the FR1 EN-DC UE.
 Detailed explanations are provided from next sub-clauses.

2.2 Input signals from UE to System Simulator (SS)
 Typical uplink signal levels from the FR1 EN-DC UE can be derived based on the current requirement as follows. Here we assume that the NR is under test.
E-UTRA UL level: PCMAX_L – 4 dB (= 26 - 4 = +22 dBm)
NR UL level: Minimum output power (= -33 dBm/ 100 MHz = -40 dBm/ 20 MHz)
UL level difference between E-UTRA and NR: Approximately 60 dB
Observation 2: UL level difference between E-UTRA and NR is approximately 60 dB with the current requirement.
 Test configuration of OoBB is shown in figure 2.2-1 below. Note that the UL antenna connector is common between E-UTRA and NR in this figure.
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Figure 2.2-1: Test configuration of FR1 EN-DC OoBB

2.3 Dynamic range of receiver in SS
 Next we introduce a typical dynamic range of the receiver in the SS. It can be decided mainly based on a performance of analog to digital converter (ADC) in the SS. Generally speaking, if we assume that the SS can handle NR FR1 and FR2 signals commonly upto 800 MHz (400 MHz CBW x 2CA), applicable ADC which is commercially available in a market could be something like 14-bit resolution, 3 GHz sampling device. Then the full scale of the ADC becomes approximately 60 dB. Now since there are factors to maintain such as a crest factor margin and an SNR necessary for the measurement, remaining UL signal range would be less than 30 dB. Figure 2.3-1 shows the level diagram of that aspect.
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Figure 2.3-1: Available dynamic range for UL signal measurement
 From the analysis in 2.2 and 2.3, the SS is in short of the dynamic range approximately 30 dB and thus it is not possible to measure the throughput of UL signals.
Observation 3: SS is in short of the dynamic range approximately 30 dB against the requirement and it is not possible to measure the throughput of UL signals.

2.4 Solution 1 - Insertion of a variable filter in front of the SS receiver
 One of the solutions against the issue is to insert a variable filter in front of the SS receiver which only passes the wanted UL signals. However considering the band relationship between E-UTRA and NR, there is a case that the bands are aligned nearby and in that case a good filter performance cannot be provided appropriately.
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Figure 2.4-1: Insertion of a variable filter
Observation 4: Filter performance may not be provided appropriately in a case bands are aligned nearby.

2.5 Solution 2 – Define a common UL signal level between E-UTRA and NR
 Considering also an improvement of measurement time with E-UTRA and NR, it is preferred that the UL signal levels are same between E-UTRA and NR. Then both of the throughput measurement can be conducted by the SS for E-UTRA and NR simultaneously. Considering the previous discussions [2], two options can be proposed as alternative candidates of UL signal level setting. However both options need to be confirmed if they are acceptable from OEM/ Chipset vendor or operator perspective.
Option 1: PCMAX_L – 4 dB for both E-UTRA and NR UL 
Option 2: PCMAX_L – 7 dB for both E-UTRA and NR UL 
Comparisons of these options are summarized in Table 2.5-1.
Table 2.5-1: Comparison of UL level settings (Option 1 vs Option 2)
	UL level setting
	Pros
	Cons

	Option 1:
PCMAX_L – 4 dB
(both E-UTRA and NR)
	Capable of testing with the highest UL signal level as proposed in [2]. (Aligned with the current interferer level.) 
	Total output from a UE increases. (approx. 3 dB up)
Severer condition than an actual UE operation.
· Need to confirm if it is acceptable from OEM/ chipset vendor perspective.

	Option 2:
PCMAX_L – 7 dB
(both E-UTRA and NR)
	Aligned with the existing UL CA test conditions for E-UTRA and NR.
	Relaxed condition than the original requirement from the UL signal level viewpoint. 
· Need to confirm if it is acceptable from operator perspective.






2.6 Solution 3 – Reduce the UL signal level difference between E-UTRA and NR 
 Another option to solve this issue is to increase the UL level of the signals under test and decrease the difference between E-UTRA and NR UL signals until it satisfies the dynamic range of SS for the throughput measurement. This enables at least to solve the current testability issue, but cannot improve the measurement time. 
Option 3: PCMAX_L – 4 dB (UL for the source of IMD) and PCMAX_L – [14] dB (UL whose DL is being tested) 
Table 2.6-1 summarizes the pros / cons of this option.
Table 2.6-1: Comparison of option 3
	UL level setting
	Pros
	Cons

	Option 3:
PCMAX_L – 4 dB and PCMAX_L – [14] dB
	Capable of testing with the highest UL signal level as proposed in [2]. (Aligned with the current interferer level.) 
Still possible to lower the total output power from UE. (Almost same with PCMAX_L – 4 dB.)
	Test time cannot be improved from the current setting.


With all the observations and solutions above, we propose to change the current condition of out-of-band blocking for FR1 EN-DC UE.
Proposal1: Change UL signal level settings of out-of-band blocking requirement for FR1 EN-DC UE. Choice of option and UL level are TBD.

3. Conclusion
In this contribution we pointed out the testability issue with the out-of-band blocking for FR1 EN-DC UE. 
Observation 1: Based on the current definition of the OoBB uplink signal levels, if an antenna (connector) is common between E-UTRA and NR in a UE, too much power imbalance will cause a testability issue with the FR1 EN-DC UE.
Observation 2: UL level difference between E-UTRA and NR is approximately 60 dB with the current requirement.
Observation 3: SS is in short of the dynamic range approximately 30 dB against the requirement and it is not possible to measure the throughput of UL signals.
Observation 4: Filter performance may not be provided appropriately in a case bands are aligned nearby.
Proposal1: Change UL signal level settings of out-of-band blocking requirement for FR1 EN-DC UE. Choice of option and UL level are TBD.
Option 1: PCMAX_L – 4 dB for both E-UTRA and NR UL 
Option 2: PCMAX_L – 7 dB for both E-UTRA and NR UL 
Option 3: PCMAX_L – 4 dB (UL for the source of IMD) and PCMAX_L – [14] dB (UL whose DL is being tested) 
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