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1 Introduction
[bookmark: OLE_LINK20]This contribution proposes reference sensitivity (REFSENS) requirements for inter-band uplink carrier-aggregation (UL-CA) of Band n5 and Band n13, “CA_n5-n13” based on the test points proposed in [1].
2 Discussion
Reminder on Guidelines on dual-UL IMD MSD Test Point Selection
We summarize below the RAN4 MSD test point conventions on REFSENS exceptions due to intermodulation interference due to 2UL CA:
· DL configuration of affected band: MSD is specified for the smallest supported channel bandwidth (CBW) of the affected downlink (DL) band.
· UL configuration: each uplink component carrier (CC) is configured with the full RB allocation “LCRB” supported by DFT-S-OFDM waveforms. Example LCRB = 25RB for 5MHz CBW, 50RB for 10MHz CBW, etc..
To simplify and harmonize RF requirements, RAN4 has strived to align MSD test points for NR-CA with their EN-DC counterparts, and vice-versa. For CA_n5-n13, a Band n5 MSD test point was agreed for its DC_13A_n5A counterpart as shown in Table 1. It is our understanding that the Band n5 MSD was agreed as 25dB based on MSD analysis for DC_20A_n8A [2,3] as reproduced in Table 1 . No test point was specified for Band 13. It also our understanding that the same 25dB MSD was ported to CA_n5-n14 and DC_14A_n5A based on the agreed MSD for DC_20A_n8A.
[bookmark: _Ref163398879]Table 1 Power Class 3 MSD test point for DC_13A_n5A.
	Band / Channel bandwidth / NRB / Duplex mode 
	IMD
order

	EN-DC 
Configuration
	E-UTRA or 
NR band
	UL Fc
(MHz)
	UL/DL BW
(MHz)
	LCRB
	DL Fc (MHz)
	MSD
(dB)
	

	DC_13A_n5A
	13
	783
	5
	25
	752
	N/A
	N/A

	
	n5
	828
	5
	25
	873
	25
	IMD3

	DC_20A_n8A
	20
	849.5
	5
	25
	808.5
	25
	IMD3

	
	n8
	892.5
	5
	25
	937.5
	25
	IMD3


[bookmark: _Ref103591637]CA_n5-n13 MSD Test Point Candidates

In this contribution, we evaluate, respectively, the Band n5 and Band n13 MSD test point of Table 2 and Table 3 from the proposals made in [1]. The IMD landscape is plotted for each candidate in Figure 1 and Figure 2 respectively using power amplifier (PA) reverse IMD measurements. For these measurements, each PA is calibrated using the usual RAN4 power class 3 (PC3) linearity calibration assumptions and reverse IMD products are measured with 18dB PA to PA coupling for the sake of maximizing the signal to noise ratio. 

[bookmark: _Ref163399802]Table 2: Candidate #1 - PC3 Band n5 MSD test point for CA_n5-n13.
	Band / Channel bandwidth / NRB / Duplex mode 
	Source of
IMD

	NR CA band combination
	NR band
	UL Fc
(MHz)
	UL/DL BW
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD
(dB)
	Duplex mode
	

	CA_n5-n13
 
	n5
	828
	5
	25 (RBstart=0)
	873
	25
	FDD
	IMD3

	
	n13
	783
	5
	20 (RBstart=0)
	752
	N/A
	FDD
	N/A



[bookmark: _Ref163399811]Table 3: Candidate #2 - PC3 band n13 MSD test point for CA_n5-n13.
	Band / Channel bandwidth / NRB / Duplex mode 
	Source of
IMD

	NR CA band combination
	NR band
	UL Fc
(MHz)
	UL/DL BW
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD
(dB)
	Duplex mode
	

	CA_n5-n13
 
	n5
	826.5
	5
	25 (RBstart=0)
	871.5
	N/A
	FDD
	N/A

	
	n13
	782
	10
	20 (RBstart=32)
	751
	15.5
	FDD
	IMD3


[image: ]
[bookmark: _Ref163400342]Figure 1: Measured 2UL IMD3 landscape for Band n5 MSD test point candidate #1. Band n5 and n13 5MHz CBW DL channels are highlighted in blue.
[image: ]
[bookmark: _Ref163400347]Figure 2: Measured 2UL IMD3 landscape for Band n13 MSD test point candidate #2. Band n5 and n13 5MHz and 10MHz CBW DL channels are highlighted in blue.
 
We observe from these measurements:
· Candidate #1:
· The DL Band n5 5MHz channel overlaps entirely the dual-UL IMD3 (Figure 1-right). We may expect an MSD similar to DC_20_n8/DC_13_n5 of 25dB.
· The DL Band n13 5MHz channel is not affected by any overall of dual-UL IMD3 (Figure 1-left). No MSD is expected for Band n13,
· This candidate does not comply to the guidelines since the UL RB allocation for Band n13 does not correspond to the Band n13 corresponding REFSENS UL LCRB (yellow highlight Table 2).
· Candidate #2:
· The DL Band n5 5MHz channel partially overlaps the dual-UL IMD3 (Figure 2-right). We may expect an MSD lower than 25dB, but still significant considering the amount of overlap. The “N/A” of Table 3 should either be clarified with a dedicated footnote indicating MSD is expected but not specified or replaced with the actual MSD.
· The DL Band n13 5MHz channel partially overlaps the dual-UL IMD3 (Figure 2-left). We may expect an MSD lower than 25dB, and due to smaller overlap, this MSD should be lower than the Band n5 MSD,
· This candidate does not comply to the guidelines on dual-UL IMD test points since (yellow highlight Table 3).
· The Band n13 10MHz CBW is the smallest supported CBW of 5MHz,
· The Band n13 UL RB allocation does not correspond to the 10MHz CBW REFSENS configuration.
· We observe that Band n13 is free of MSD for its smallest CBW of 5MHz.

Regarding Candidate #2, we do not see any reason why CA_n5-n13 should be treated any differently than any other NR band combinations, in particular CA_n5-n14 for which the MSD of Band n5 and Band n14 are specified for their smallest CBW, ie. for 5MHz CBW. In that respect, our preference is to comply with the guidelines, in which case only Candidate #1 should be captured.

Observation 1: 
Regarding Candidate #1: 
· The DL Band n5 5MHz channel overlaps entirely the dual-UL IMD3 (Figure 1-right). We may expect an MSD similar to DC_20_n8/DC_13_n5 of 25dB.
· The DL Band n13 5MHz channel is not affected by any overall of dual-UL IMD3 (Figure 1-left). No MSD is expected for Band n13,
· This candidate does not comply to the guidelines since the UL RB allocation for Band n13 does not correspond to the Band n13 corresponding REFSENS UL LCRB (yellow highlight Table 2). 
Regarding Candidate #2:
· Both Band n15 and Band n13 are affected by a partial overlap of the dual-UL IMD3. MSD is expected and needs to be evaluated.
· This candidate does not comply to the guidelines on dual-UL IMD test points since (yellow highlight Table 3).
· The Band n13 10MHz CBW is the smallest supported CBW of 5MHz,
· The Band n13 UL RB allocation does not correspond to the 10MHz CBW REFSENS configuration.
· We observe that Band n13 is free of MSD for its smallest CBW of 5MHz.
· It is therefore not recommended to capture Candidate #2 in the TS 38.101-1.

Despite the arguments of Observation 1 on Candidate #2, should RAN4 wish to introduce a “exception” to the test point guidelines, we propose to evaluate Candidate #3 of Table 4 and corresponding IMD landscape of Figure 3. The IMD landscape shows that this test points shifts the upper dual-UL IMD3 outside of the DL Band n5 and ensures that the lower dual-UL IMD3 is fully overlapped by the DL Band n13 10MHz channel. In that respect this test points also violates the guidelines (see yellow highlights of Table 4):
1) 10MHz is not the smallest CBW for Band n13
2) LCRB=5 is not a full allocation for either Band n13 or Band n5.

[bookmark: _Ref163402228]Table 4: Candidate #3 - PC3 band n13 MSD test point for CA_n5-n13.
	Band / Channel bandwidth / NRB / Duplex mode 
	Source of
IMD

	NR CA band combination
	NR band
	UL Fc
(MHz)
	UL/DL BW
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD
(dB)
	Duplex mode
	

	CA_n5-n13
 
	n5
	826.5
	5
	5 (RBstart=0)
	871.5
	N/A
	FDD
	N/A

	
	n13
	782
	10
	5 (RBstart=47)
	751
	15.5
	FDD
	IMD3


[image: ]
[bookmark: _Ref163402724]Figure 3: Measured 2UL IMD3 landscape for Band n13 MSD test point Candidate #3. Band n5 and n13 5MHz and 10MHz CBW DL channels are highlighted in blue.

Observation 2: An alternative candidate 3 (Table 4) may be considered which:
· Ensures the Band n13 DL 10MHz channel entirely overlaps the dual-UL IMD3;
· Ensures the Band n5 DL 5MHz MSD becomes insignificant;
· Does not comply to the guidelines (see yellow highlights in Table 4),
· The Band n13 10MHz CBW is not the smallest CBW for Band n13,
· The Band n5 and Band n13 UL cells are not configured with full RB allocations;
· It is therefore not recommended to capture Candidate #3 in the TS 38.101-1.
CA_n5-n13 MSD Evaluation

A thorough MSD evaluation would require measuring both forward and reverse IMD interference levels. Due to lack of time and since DC_20_n8 appears to be the baseline study that was used to derive DC_13_n5, CA_n5-n14 and DC_14_n5 MSD levels, we propose to consider the agreed 25dB MSD of DC_20_n8 as baseline, and evaluate MSD using the following methodology:
1) Step 1: Evaluate the dual-UL IMD3 level that corresponds to the Band 20 and Band n8 25dB MSD by assuming the same power imbalance between primary and diversity antenna than those used in [3] for DC_20A_n8A. Once evaluated, this interference level is used as a reference level, i.e. “0dB” reference.
2) Step 2: Evaluate the dual-IMD3 power ratio relative to the level of step 1 by using band power markers to account for the actual IMD overlap of each candidate. We measured the follow power ratios:
a. Candidate #1: 0dB for Band n5 5MHz overlap (Figure 1),
b. Candidate #2: -2.9dB for Band n5 5MHz overlap and -9.3dB for Band n13 10MHz CBW (Figure 2), 
c. Candidate #3: 0dB for Band n13 10MHz overlap (Figure 3).

3) Step 3: Evaluate the MSD based on the power ratio of step 2 and on the primary antenna/diversity interference imbalance of [3].
The MSD analysis is summarized in Table 5 where:
· Candidate #1: Band n5 MSD is 26dB. The Band n5 MSD is 1dB higher than the Band 20 or Band n8 MSD due to the 5MHz CBW REFSENS specified at -98dBm instead of -97dBm.
· Candidate #2:
· Band n5 5MHz MSD = 23.1dB
· Band n13 10MHz MSD = 13.0dB. 
· Candidate #3: Band n13 10MHz MSD =21.8dB.
[bookmark: _Ref163405010]Table 5: Candidate #1,#2,#3 PC3 MSD analysis for CA_n5-n13.
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Observation 3: For candidate #1, the band n5 5MHz MSD is 26dB and not 25dB due to 1dB lower REFSENS than the Band 20 and Band n8 5MHz REFSENS. Since the dual-UL IMD3 is nearly fully centered on the Band n5 DL carrier frequency, it can be safely assumed that the interference level measured with Band n13 UL Lcrb=20(RBSTART=0) remains identical if Band n13 had been configured with UL Lcrb=25(RBSTART=0).

Based on Observation 1 and 2 we propose to capture only the Candidate #1 MSD test point. Regarding Observation 3, and to avoid introducing discrepancies with the with the legacy agreements for CA_n5-n14, DC_20_n8, DC_14_n5 and DC_13_n5:
· We are willing to accept specifying the band n5 5MHz at 25dB;
· We propose to correct the Band n13 UL RB allocation to 25 (RBstart=0).

Proposal: Adopt the following PC3 MSD test point for n5 IMD3.

	Band / Channel bandwidth / NRB / Duplex mode 
	Source of
IMD

	NR CA band combination
	NR band
	UL Fc
(MHz)
	UL/DL BW
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD
(dB)
	Duplex mode
	

	CA_n5-n13
 
	n5
	828
	5
	25 (RBstart=0)
	873
	25
	FDD
	IMD3

	
	n13
	783
	5
	25 (RBstart=0)
	752
	N/A
	FDD
	N/A



3 Conclusion
In this contribution, we evaluate three MSD test point candidates for CA_n5-n13 and made the following observations.

Observation 1: 
Regarding Candidate #1: 
· The DL Band n5 5MHz channel overlaps entirely the dual-UL IMD3 (Figure 1-right). We may expect an MSD similar to DC_20_n8/DC_13_n5 of 25dB.
· The DL Band n13 5MHz channel is not affected by any overall of dual-UL IMD3 (Figure 1-left). No MSD is expected for Band n13,
· This candidate does not comply to the guidelines since the UL RB allocation for Band n13 does not correspond to the Band n13 corresponding REFSENS UL LCRB (yellow highlight Table 2). 
Regarding candidate #2:
· Both Band n15 and band n13 are affected by a partial overlap of the dual-UL IMD3. MSD is expected and needs to be evaluated.
· This candidate does not comply to the guidelines on dual-UL IMD test points since (yellow highlight Table 3).
· The Band n13 10MHz CBW is the smallest supported CBW of 5MHz,
· The Band n13 UL RB allocation does not correspond to the 10MHz CBW REFSENS configuration.
· We observe that Band n13 is free of MSD for its smallest CBW of 5MHz.
· It is therefore not recommended to capture candidate #2 in the TS 38.101-1.

Observation 2: An alternative candidate 3 (Table 4) may be considered which:
· Ensures the Band n13 DL 10MHz channel entirely overlaps the dual-UL IMD3;
· Ensures the Band n5 DL 5MHz MSD becomes insignificant;
· Does not comply to the guidelines (see yellow highlights in Table 4),
· The Band n13 10MHz CBW is not the smallest CBW for Band n13,
· The Band n5 and Band n13 UL cells are not configured with full RB allocations,
· It is therefore not recommended to capture Candidate #3 in the TS 38.101-1.
Observation 3: For Candidate #1, the Band n5 5MHz MSD is 26dB and not 25dB due to 1dB lower REFSENS than the Band 20 and Band n8 5MHz REFSENS. Since the dual-UL IMD3 may be considered fully centered on the Band n5 DL carrier frequency, it can be safely assumed that the interference level measured with Band n13 UL Lcrb=20(RBSTART=0) remains identical if Band n13 had been configured with UL Lcrb=25(RBSTART=0).

Proposal: Adopt the following PC3 MSD test point for n5 IMD3

	Band / Channel bandwidth / NRB / Duplex mode 
	Source of
IMD

	NR CA band combination
	NR band
	UL Fc
(MHz)
	UL/DL BW
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD
(dB)
	Duplex mode
	

	CA_n5-n13
 
	n5
	828
	5
	25 (RBstart=0)
	873
	25
	FDD
	IMD3

	
	n13
	783
	5
	25 (RBstart=0)
	752
	N/A
	FDD
	N/A
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R4-1907155 [3]

Agreed

o/n20 265 WSD| n3/nz0 rods nisp | 5 SMHEMSD | nS SMH MSD |13 10MHz MSD| 13 10MHz MSD
i i Candidate #1 | Candidate #2 | Candidate#2 | Test point #3
for DC_20_n8 for DC_20_n8
Step 2 relative dual-UL IMD power ratio to agreed DC_20_n8 MSD|
Antenna referred in-channel levels: [primary/diversity] (dBm/MBW)| -624 | -71.6 | -63.4 | -726 | -63.4 | -72.6 | -663 | -755 | -727 | -819 | -63.4 | -726
Ideal REFSENS (dBm/MBW) 97.0 7.0 08.0 08.0 938 938
Noise floor (dBm/MBW)| 93.0 | 930 | 930 | 930 | 940 | 940 | 940 ] 940 | 898 | 898 | 898 | 898
Antenna referred IM2 noise due to Tx leakage| -999.0 | 999.0 | -999.0 | -999.0 | -999.0 | -999.0 [-999.0] -999.0 | -999.0 | -999.0 | -999.0 | -999.0
Total noise level at antenna connector (dBm/MBW)| -624 | 716 | -634 | 726 | 634 | 726 | 663 | 755 | 727 | 819 | 634 | 726
Affected DL Band Degradation (dB)| 30.6 | 214 | 296 204 | 306 | 214 | 277 ] 186 | 172 | 86 | 264 | 173
DL Band Ideal REFSENS MRC degradation (dB) 26.00 25.00 26.00 23.10 13.00 21.80
DL Band Agreed REFSENS (dBm/MBW) 97.00 97.00 ~98.00 ~98.00 93.80 93.80
MSD vs. agreed REFSENS (dB) 26.0 25.0 26.0 231 3.0 218
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