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Introduction
Analysis and proposals on CA_n5B-n12A, CA_n5B-n14A, and CA_n5B-n29A MSD are provided in this contribution.
Considerations
The following was agreed in WF [1]:
· The following option is presented as a WF.
· Option 1: Use UL configuration 1RB+ 1RB (Equal PSD) to align with existing specification in 38.101-1 
· Finalize IMD order and DL frequency test point if necessary. Adjust RB start position if necessary to center IMD noise. Determine MSD
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n5-n12
	n5
	829
	10
	1 (RBSTART=[0])
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=[52])
	884
	N/A
	
	

	
	n12
	N/A
	5
	N/A
	[743.5]
	TBD
	FDD
	[IMD9]

	CA_n5-n14
	n5
	829
	10
	1 (RBSTART=[0])
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=[52])
	884
	N/A
	
	

	
	n14
	N/A
	5
	N/A
	[765.5]
	TBD
	FDD
	[IMD7]

	CA_n5-n29
	n5
	829
	10
	1 (RBSTART=[0])
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=[52])
	884
	N/A
	
	

	
	n29
	N/A
	5
	N/A
	[725.5]
	TBD
	FDD
	[IMD11]



· Option 2: Other options not precluded for further information.
RBstart=[52] is not applicable, instead RBstart=[51] is applicable when 1RB is placed at uppermost corner of 10MHz CC. 
With 1+1 RB UL allocations, the location of the IMD product including it’s adjacent channel impacts has a huge impact to MSD; If fully contained, then MSD is very high, but if only partially contained the respective MSD is a lot smaller. 
For all the cases above, if we still assume 1+1 RB allocation, shifting UL RB start positions or victim DL frequency would not result in worse case; hence we used the following test points in our analysis:
 
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n5-n12
	n5
	829
	10
	1 (RBSTART=0)
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=51)
	884
	N/A
	
	

	
	n12
	N/A
	5
	N/A
	743.5
	TBD
	FDD
	IMD9

	CA_n5-n14
	n5
	829
	10
	1 (RBSTART=0)
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=51)
	884
	N/A
	
	

	
	n14
	N/A
	5
	N/A
	765.5
	TBD
	FDD
	IMD7

	CA_n5-n29
	n5
	829
	10
	1 (RBSTART=0)
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=51)
	884
	N/A
	
	

	
	n29
	N/A
	5
	N/A
	725.5
	TBD
	FDD
	IMD11



We used the conventional 3GPP assumptions for the TX for the PA calibration.
· 20 MHz 100RB DFT-s-OFDM 
· 30dBc ACLR
· 4dB Post-PA loss
· Image -28dB
· LO -28dBc
· CIM3 -60dBc
· CIM5 -70dBc

The parameters and MSD results are shown below. We measured the TX noise at PA output and added 3dB margin due to many uncertainties associated.
[image: ]

For comparison, we also did analyse the tests points with 10+10 UL RB’s [2], with the following results:
-9.2dB n12
-11.7dB n14
-7.5dB n29
The reason for big differences between 1+1 and 10+10 RB are related to the amount of IMD overlap and width of the IMD bump including ACLR effects. For 10+10RB case, the IMD bump reaches further than respective 1+1RB IMD bump because of the ACLR impacts.
For n14, 1+1 RB surely is the worst case as the narrow IMD7 is entirely within the 5MHz BW. For n12 and n14, 1+1 RB is not the worst case, as e.g. 10+10 RB results in larger MSD’s. Big question is whether RAN4 should seek for the ultimate worst case, given that in practice it would be very rare case when Intra-band contiguous UL CA is scheduled using non-contiguous RB allocations which effectively destroy also own DL (n5 PCC, SCC in this case). In our view, it is not meaningful to seek for the ultimate worst case, e.g. by choosing random number of UL RB’s. Initially we think that MSD for these cases should either be specified using 1+1 or 10+10 RB, preferably using 10+10RB.
Proposal 1: Further discuss in RAN4 if reverting back to 10+10 RB UL allocation for CA_n5B would be most meaningful approach given 1+1 RB gives very inconsistent results. 

Conclusion
MSD analysis was conducted for CA_n5B-n12A, CA_n5B-n14A, and CA_n5B-n29A
Proposal 1: Further discuss in RAN4 if reverting back to 10+10 RB UL allocation for CA_n5B would be most meaningful approach given 1+1 RB gives very inconsistent results. 
Proposal 2: Use the following analysis results when discussing requirements for CA_n5B-n12A, CA_n5B-n14A, and CA_n5B-n29A if 1+1RB allocation is eventually used.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n5-n12
	n5
	829
	10
	1 (RBSTART=0)
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=51)
	884
	N/A
	
	

	
	n12
	N/A
	5
	N/A
	743.5
	4.4
	FDD
	IMD9

	CA_n5-n14
	n5
	829
	10
	1 (RBSTART=0)
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=51)
	884
	N/A
	
	

	
	n14
	N/A
	5
	N/A
	765.5
	34.3
	FDD
	IMD7

	CA_n5-n29
	n5
	829
	10
	1 (RBSTART=0)
	874
	N/A
	FDD
	N/A

	
	
	839
	10
	1 (RBSTART=51)
	884
	N/A
	
	

	
	n29
	N/A
	5
	N/A
	725.5
	6.4
	FDD
	IMD11




Reference
[1] R4-2314856, WF on CA_n5B-n12 CA_n5B-n14 and CA_n5B-n29 MSDs with CA_n5B UL
[2] R4-2311269, CA_n5B ULCA MSD due to IMD for CA_n5B-n12 CA_n5B-n14 and CA_n5B-n29
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n12 Cross-band MSD PRX DRX n14 Cross-band MSD PRX DRX n29 Cross-band MSD PRX DRX

BW BW BW

FE Loss 4 4 FE Loss 4 4 FE Loss 4 4

Output Power Output Power Output Power 23

TX Noise per BW at PA Output -53.2 TX Noise per BW at PA Output -20.2 TX Noise per BW at PA Output -50.0

RX_IIP2, dBm 54 54 RX_IIP2, dBm 54 54 RX_IIP2, dBm 54 54

Antenna Isolation Antenna Isolation Antenna Isolation

RX Isolation -42 -37 RX Isolation -42 -37 RX Isolation -42 -37

TX Isolation -50 -40 TX Isolation -50 -40 TX Isolation -50 -40

TX_IM2 -102.0 -110.0 TX_IM2 -102 -110 TX_IM2 -102 -110

Tx_noise -91.2 -96.2 Tx_noise -58.2 -63.2 Tx_noise -88.0 -93.0

TX_total -90.8 -96.0 TX_total -58.2 -63.2 TX_total -87.8 -92.9

Thermal noise -93.0 -93.0 Thermal noise -93.0 -93.0 Thermal noise -93.0 -93.0

Composite -88.8 -91.2 Composite -58.2 -63.2 Composite -86.7 -89.9

MRC REFSENS MRC REFSENS MRC REFSENS

n12 REFSENS n14 REFSENS n29 REFSENS
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Band / Channel bandwidth / N RB   / Duplex mode  Source of IMD  

NR   CA band  combination  NR   band  UL F c     (MHz)  UL/DL  BW    (MHz)  UL    C LRB  DL F c   (MHz)  MSD    (dB)  Duplex  mode   

CA_n5 - n12  n5  829  10  1 (RBSTART=[0])  874  N/A  FDD  N/A  

  839  10  1 (RBSTART=[52])  884  N/A    

 n12  N/A  5  N/A  [743.5]  TBD  FDD  [IMD9]  

CA_n5 - n14  n5  829  10  1  (RBSTART=[0])  874  N/A  FDD  N/A  

  839  10  1 (RBSTART=[52])  884  N/A    

 n14  N/A  5  N/A  [765.5]  TBD  FDD  [IMD7]  

CA_n5 - n29  n5  829  10  1 (RBSTART=[0])  874  N/A  FDD  N/A  

  839  10  1 (RBSTART=[52])  884  N/A    

 n29  N/A  5  N/A  [725.5]  TBD  FDD  [IMD11]  

  –   Option 2:  Other options not precluded for further information.   RBstart=[52]   is not applicable, instead RBstart=[51] is applicable when 1RB is placed at uppermost corner of 10MHz  CC .    With 1+1 RB UL allocations,  the location of the IMD product including   it’s   adjacent channel impacts has a huge impact  to   MSD; If fully contained, then MSD is very high, but if only partially contained   the respective MSD is a lot smaller.     For all the cases above,  if we still assume 1+1 RB allocation,  shifting UL RB start positions   or victim DL frequency  would not result in worse case; hence we used the following   test points in our analysis:      

