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1	Introduction 
The FR1 EN-DC Out-of-Band Blocking (OBB) UL test configuration has currently been defined with E-UTRA UL carrier power set to 4dB below PCMAX_L and NR UL carrier set to minimum output power when NR DL carrier is being tested. In addition, both NR DL and E-UTRA DL carriers are tested with NR UL carrier set to 4dB below PCMAX_L and E-UTRA UL carrier set to minimum output power [1]. The reasoning behind this definition is mainly to avoid potentially hefty 2UL IMD falling onto its own DL carriers which could obscure the OBB test results, and yet to maintain both E-UTRA and NR UL carriers active to fulfil EN-DC operation. However, this UL configuration with relatively large power imbalance between the two carriers has triggered a testability issue due to the ADC dynamic range limitation on the tester [2-3]. To resolve this testability issue, a few proposals to reduce UL carriers power imbalance were considered in past few RAN4 meetings which however could not be agreed upon without detailed technical analysis [4]. In this contribution, we provide equation-based analysis on the IMD power caused by 2UL operation using REFSENS UL power configuration as reference to determine a feasible UL power configuration for OBB tests which can not only avoid the impact from 2UL IMD but also accommodate the tester ADC dynamic range limitation.  
2	Discussion
The key aspect to avoid EN-DC OBB tests from being affected by 2UL IMD is to ensure the IMD power is substantially lower than the wanted signal power, especially when the IMD falls right on top of the DL carrier. As the OBB UL test configuration is generic to all EN-DC combinations irrespective of whether MSD is required and the MSD level, the setting should be determined based on the worst-case MSD among all EN-DC combinations, which is normally seen from the combinations affected by 2nd or 3rd order IMD.

Observation 1: OBB UL test configuration is generic to all EN-DC combinations irrespective of whether MSD is required and the MSD level. The UL power setting should be determined based on the worst-case MSD among all EN-DC combinations.

Our analysis is composed of the following steps:
1. Identify the worst-case MSD value and its IMD composition among all EN-DC combinations in the latest specifications [5].
2. Determine the amount of IMD power reduction required under the worst-case wanted signal power for OBB which is (REFSENS + 6dB) for 5MHz and 10MHz carrier. 
3. Use equation-based IMD power (PIMD) analysis as shown below to estimate the IMD power reduction,
PIMD2 = P1 + P2 – IP2;
PIMD3 = 2P1 + P2 – 2IP3 for IMD3 closer to UL carrier 1 and 
PIMD3 = P1 + 2P2 – 2IP3 for IMD3 closer to UL carrier 2

From step 1, the worst-case MSD value is found to be 30 dB, which is caused by IMD2 in DC_66A_n5A on n5 DL carrier. From step 2, we think by reducing the IMD power level to below thermal noise floor would be sufficient to avoid the impact from 2UL IMD to OBB test results, which is approximately 30 dB. From step 3, we calculated the IMD2 power reduction based on the proposed UL configurations (highlighted in yellow) in last RAN4 meeting [4] which is summarized in Table 2-1.

	P1
	P2
	PIMD2 Reduction (dB)
	Note

	PCMAX_L – 3dB
	PCMAX_L – 3dB
	0
	REFSENS

	PCMAX_L – 4dB
	PCMAX_L – 63dB
	61
	Current OBB spec.

	PCMAX_L – 4dB
	PCMAX_L – 14dB
	12
	 

	PCMAX_L – 7dB
	PCMAX_L – 7dB
	8
	 

	PCMAX_L – 4dB
	PCMAX_L – 29dB
	27
	 

	PCMAX_L – 4dB
	PCMAX_L – 32dB
	30
	Proposed



Table 2-1 IMD2 power reduction for various UL configurations relative to 2UL REFSENS condition

Based on the above analysis, it can be seen that none of the UL configurations for EN-DC OBB proposed in last RAN4 meeting can reduce the worst-case IMD power to below thermal noise floor. The UL configuration in last entry of Table 2-1 on the other hand can not only reduce the IMD power to below thermal noise floor, yet the UL power imbalance is still kept below 30 dB which should leave sufficient SNR margin for tester with 60dB ADC dynamic range for UL signal demodulation.

Proposal: Use (PCMAX_L – 4dB, PCMAX_L – 32dB) as the UL configuration for EN-DC OBB requirements.

The corresponding CR for Rel-15 specifications based on the proposed UL configuration for EN-DC OBB is presented below.
------------------------------------------------------------------------------------------------------------------------------------------------         
[bookmark: _Toc21345669][bookmark: _Toc29806518][bookmark: _Toc37256051][bookmark: _Toc37256392][bookmark: _Toc45890225]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 5.2.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 32 dB below PCMAX_L.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 32 dB below PCMAX_Lminimum output power as defined in clause 6.3.2.1 of TS 36.101 [4].
------------------------------------------------------------------------------------------------------------------------------------------------
Notice that although for E-UTRA and NR 2UL inter-band CA, the UL configuration for OBB requirements has been defined with both UL output power set to 7 dB below PCMAX_L,f,c  for each serving cell c [6-7], in our view, such configuration is only applicable to CA combinations which do not have 2UL IMD issue or the IMD does not overlap with any DL carrier under the specified test configurations.

Observation 2: The UL configuration for E-UTRA and NR 2UL inter-band CA OBB requirements as currently defined with both UL output power set to 7 dB below PCMAX_L,f,c  for each serving cell c is only applicable to CA combinations which do not have 2UL IMD issue or the IMD does not overlap with any DL carrier under the specified test configurations.

3	Conclusion
In this contribution, we provide the 2UL IMD power analysis for different UL configurations and propose the following UL power setting to address the EN-DC OBB testability issue.  A CR for TS 38.101-3 associated with this proposal is presented in a separate contribution in this meeting.
   
Proposal: Use (PCMAX_L – 4dB, PCMAX_L – 32dB) as the UL configuration for EN-DC OBB requirements.
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