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1	Introduction
This contribution proposes how to handle the case when there are more than one intermodulations landing on top of own DL channel for one band in 2UL Inter-band CA. 

2	Discussion
According to [1] the following has been agreed for MSD definition in 2UL Inter-band CA.

1. Choose a specific carrier frequency allocation such that IMD is center-aligned with victim DL carrier to attest the worst-case self-desensitization condition. 
2. Choose 5-MHz bandwidth with full RB for all carriers (if supported in a CA combination) to essentially comply with the Rel-8 UL configurations for REFSENS tests and approach the worst-case self-desensitization condition.
3. If 5-MHz bandwidth is not supported in certain CA combinations, then choose 10 MHz with full RB for one or both carriers.
4. For B2_B4, IMD3 can overlap with DL carrier only when B2 carrier bandwidth is at 20 MHz [2]. 
5. A correction factor (CF) is calculated to address the power difference between the total IMD power and the power within DL carrier modulation bandwidth, as illustrated in Figure 2-1.
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Figure 2-1 Definition of correction factor (CF)

According to condition 1, only the worst case MSD is specified for each band. In practice it means that if certain band in 2UL Inter-band CA configuration has more than one IMD hitting on top of own DL channel, only the highest MSD in dB’s will be specified. This has been the practice so far. Please note that for instance in 2UL/2DL Inter-band CA, there are in some cases MSD defined for both bands; this has been totally according to the agreement above. Below is an example excerpt from 36.101 2UL/2DL MSD table.
 
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA 
Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode

	
	
	
	
	
	
	
	

	CA_2A-4A
	2
	1860
	20
	502
	1940
	5
	FDD

	
	4
	1752.5
	5
	25
	2152.5
	N/A
	

	CA_2A-4A
	2
	1868.3
	5
	25
	1948.3
	N/A
	FDD

	
	4
	1735
	5
	25
	2135
	5
	

	CA_3A-5A
	3
	1771
	10
	50
	1866
	4
	FDD

	
	5
	838
	5
	25
	883
	N/A
	

	CA_3A-5A
	3
	1721
	10
	50
	1816
	N/A
	FDD

	
	5
	838
	5
	25
	883
	24
	

	CA_3A-19A
	3
	1771
	5
	25
	1866
	4
	FDD

	
	19
	838
	5
	25
	883
	N/A
	

	CA_3A-19A
	3
	1721
	5
	25
	1816
	N/A
	FDD

	
	19
	838
	5
	25
	883
	27
	

	CA-3A-20A
	3
	1775
	5
	25
	1870
	4
	FDD

	
	20
	840
	5
	25
	799
	N/A
	

	CA-3A-20A
	3
	1735
	5
	25
	1830
	N/A
	FDD

	
	20
	847
	5
	25
	806
	9
	

	CA_3A-26A
	3
	1771
	5
	25
	1866
	4
	FDD

	
	26
	838
	5
	25
	883
	N/A
	

	CA_3A-26A
	3
	1721
	5
	25
	1816
	N/A
	FDD

	
	26
	838
	5
	25
	883
	26
	

	NOTE 1: Both of the transmitters shall be set min(+20 dBm, PCMAX_L,c) as defined in subclause 6.2.5A
NOTE 2: RBSTART = 0


Table 1 Example of 2UL/2DL Inter-band CA MSD
Recently there has been some discussion about the case when there are more than one IMD hitting on top of own DL channel on one band in 2UL/2DL Inter-band CA configuration. A good example of this case is 2UL Inter-band CA B3+B42, where B3 is subject to three different IMD’s: IMD2, IMD4, and IMD5. The agreed table below is from [2].

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA 
Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode

	
	
	
	
	
	
	
	

	CA_3A-42A (for IM2)
	3
	1740
	5
	25
	1835
	29.8
	FDD

	
	42
	3575
	5
	25
	3575
	N/A
	TDD

	CA_3A-42A (for IM4)
	3
	1765
	5
	25
	1860
	8.0
	FDD

	
	42
	3435
	5
	25
	3435
	N/A
	TDD

	CA_3A-42A (for IM5)
	3
	1740
	5
	25
	1835
	0.2
	FDD

	
	42
	3575
	5
	25
	3575
	N/A
	TDD


Table 2 MSD summary for dual uplink B3+B42
WF with the proposal below to further discuss this issue was agreed in previous meeting [3]. 
Proposal: For CA_3-42, interested companies are encouraged to investigate if MSD requirement for IM2 can also verify that of IM4. Once identified, the studies will be captured into TR 36.714-02-02. If not identified, other approaches to verify MSD for IM4 needs to be determined in RAN4#79.
The idea behind the sentence “For CA_3-42, interested companies are encouraged to investigate if MSD requirement for IM2 can also verify that of IM4.” is that if the same IMD mechanism (switch, PA forward mixing etc.) dominates both IMD4 and IMD2, maybe the smaller IMD (in this case IMD4) could be indirectly verified by testing only IMD2. By that way RAN4 could specify only the largest IMD (in this case IMD2) according to agreement in [1].
In [4], [5], and [6] the dominating factor for both IMD2 and IMD4 main branch was B3 forward mixing. For the diversity branch B3 forward mixing is amongst the dominating factors but not clearly the most dominant one for IMD2. For IMD4 in diversity path B3 forward mixing is the most dominant factor. Thus, in our opinion, the situation is not clear enough to claim that by verifying IMD2, the IMD4 requirement could be guaranteed. As a consequence, we believe that other approaches to verify MSD for IM4 needs to be considered. The following part of this contribution is generic, and not specific only to tackle issues with B3+B42.
We well understand the issue from operator perspective; naturally each operator is interested in verifying the IMD or even IMD’s that exist with their spectrum holding. However, it this case there might be operators whose spectrum is subject only to IMD2, only to IMD4, only to IMD5 or even all IMD2, IMD4, and IMD5. Thus, in principle, all IMD’s should be specified to have fully “water-proof” solution. 
We foresee four options to go forward:
1) Remain status quo (define only the highest MSD)
2) Specify all MSD’s
3) Specify highest MSD, and lower ones based on operator request
4) Specify highest MSD, and lower ones if MSD exceeds certain threshold value
Each of these options have pro’s and con’s. On vendors side the issue with defining more than one MSD is seen burdensome from standardization and testing perspective. We believe that existing specification should not be modified, i.e. the changes in the process, if any, should apply only for new combinations.
To give broader background for this issue we did a survey amongst the existing 2UL Inter-band CA combinations to check how many bands in current combinations currently have more than one IMD.
 Table 7.3.1A-0f: 2 UL and 2 DL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	Other MSD exists?

	EUTRA CA 
Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_1A_3A
	1
	1950
	5
	25
	2140
	23
	FDD
	NO

	
	3
	1760
	5
	25
	1855
	N/A
	
	N/A

	CA_1A_8A
	1
	1965
	5
	25
	2155
	6
	FDD
	NO

	
	8
	887.5
	5
	25
	932.5
	N/A
	
	N/A

	CA_2A-4A
	2
	1860
	20
	502
	1940
	5
	FDD
	NO

	
	4
	1752.5
	5
	25
	2152.5
	N/A
	
	N/A

	CA_2A-4A
	2
	1868.3
	5
	25
	1948.3
	N/A
	FDD
	N/A

	
	4
	1735
	5
	25
	2135
	5
	
	NO

	CA_3A-5A
	3
	1771
	10
	50
	1866
	4
	FDD
	NO

	
	5
	838
	5
	25
	883
	N/A
	
	N/A

	CA_3A-5A
	3
	1721
	10
	50
	1816
	N/A
	FDD
	N/A

	
	5
	838
	5
	25
	883
	24
	
	YES, IMD5

	CA_3A-7A
	3
	1730
	5
	25
	1825
	N/A
	FDD
	N/A

	
	7
	2535
	10
	50
	2655
	13
	
	NO

	CA_3A-8A
	3
	1755
	10
	50
	1850
	N/A
	FDD
	N/A [IMD5]

	
	8
	900
	5
	25
	945
	8
	
	YES, IMD5

	CA_3A-19A
	3
	1771
	5
	25
	1866
	4
	FDD
	NO

	
	19
	838
	5
	25
	883
	N/A
	
	N/A

	CA_3A-19A
	3
	1721
	5
	25
	1816
	N/A
	FDD
	N/A

	
	19
	838
	5
	25
	883
	27
	
	YES, IMD5

	CA-3A-20A
	3
	1775
	5
	25
	1870
	4
	FDD
	NO

	
	20
	840
	5
	25
	799
	N/A
	
	N/A

	CA-3A-20A
	3
	1735
	5
	25
	1830
	N/A
	FDD
	N/A

	
	20
	847
	5
	25
	806
	9
	
	NO

	CA_3A-26A
	3
	1771
	5
	25
	1866
	4
	FDD
	NO

	
	26
	838
	5
	25
	883
	N/A
	
	N/A

	CA_3A-26A
	3
	1721
	5
	25
	1816
	N/A
	FDD
	N/A

	
	26
	838
	5
	25
	883
	26
	
	YES, IMD5

	CA_4A-5A
	4
	1721
	5
	25
	2121
	N/A
	FDD
	N/A

	
	5
	838
	5
	25
	883
	26
	
	YES, IMD5

	CA_4A-7A
	4
	1730
	5
	25
	1825
	N/A
	FDD
	N/A

	
	7
	2535
	5
	25
	2655
	15
	
	NO

	CA_5A-7A
	5
	834
	5
	25
	879
	12
	FDD
	YES, IMD5

	
	7
	2547
	10
	50
	2667
	N/A
	
	N/A

	CA_7A-20A
	7
	2512
	10
	50
	2632
	N/A
	FDD
	N/A

	
	20
	851
	5
	25
	810
	12
	
	YES, IMD5

	NOTE 1: Both of the transmitters shall be set min(+20 dBm, PCMAX_L,c) as defined in subclause 6.2.5A
NOTE 2: RBSTART = 0
	



Table 7.3.1A-0g: 2 UL and 3 DL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	Other MSD exists?

	EUTRA CA
	EUTRA CA
	EUTRA band
	UL Fc
	UL BW
	UL
	DL Fc (MHz)
	DL BW
	MSD
	Duplex mode
	

	DL Configuration
	UL Configuration
	
	(MHz)
	(MHz)
	CLRB
	(MHz)
	(MHz)
	(dB)
	
	

	CA_1A-5A-7A
	CA_1A-7A
	1
	1968
	5
	25
	2158
	5
	NA
	FDD
	NA

	
	
	7
	2512
	10
	50
	2632
	10
	NA
	
	NA

	
	
	5
	835
	5
	25
	880
	5
	1.0
	
	NO

	CA_3A-7A-20A
	CA_3A-7A
	3
	1737
	5
	25
	1832
	5
	NA
	FDD
	NA

	
	
	7
	2543
	10
	50
	2663
	10
	NA
	
	NA

	
	
	20
	847
	10
	20
	806
	10
	10.5
	
	NO

	
	CA_3A-20A
	3
	1775
	10
	50
	1870
	10
	NA
	FDD
	NA

	
	
	20
	855
	5
	25
	896
	5
	NA
	
	NA

	
	
	7
	2510
	10
	50
	2630
	10
	26.0
	
	YES, IMD3

	CA_3A-7A-28A
	CA_3A-7A
	3
	1747
	5
	25
	1842
	5
	NA
	FDD
	NA

	
	
	7
	2543
	5
	25
	2663
	5
	NA
	
	NA

	
	
	28
	741
	5
	25
	796.0
	5
	20
	
	NO

	
	CA_7A-28A
	7
	2543
	5
	25
	2663
	5
	NA
	FDD
	NA

	
	
	28
	710.5
	5
	25
	765.5
	5
	NA
	
	NA

	
	
	3
	1737.5
	5
	25
	1832.5
	5
	26
	
	NO



It can be seen from the tables above that currently there are 8 UL Inter-band CA combinations out of 16 that have more than one intermodulation on top of own DL channel. However, 7 of these 8 cases relate to IMD5 which is often very small or even zero in some cases.
To address this issue in general, we propose to add a note to table 7.3.1A-0f and table 7.3.1A-0g that contains information on if there is another IMD that falls on top of own DL CC than the one that is specified. The purpose of this note is to give additional information for UL Inter-band CA use scenarios etc. As the IMD under this note is only informative, it should not be inside the table. 
What to do with for instance B3+B42 is a tough call. If the current process were followed, only IMD2 (29.8dB) would be specified. However, in that case IMD4 that occurs at least with one operator’s spectrum owning would be left unspecified even the MSD is fairly significant (8dB). We propose to choose option 4 to go forward, i.e to define a threshold for additional IMD(s) to be defined. In choosing the proposed threshold value we sought balance between the workload, specification complexity, and the value that we believe is fair accounting that in any case for each band there is at least one higher MSD specified. Based on these considerations we propose 3dB threshold value. 
Proposal1: For each UL Inter-band CA only the highest IMD is specified automatically. Each IMD that falls on top of own DL channel and has ≥3dB MSD will be specified as well. This applies from Rel14 onwards.
Proposal2: An informative note to UL Inter-band CA MSD tables shall be added in Rel14 to indicate if there are other IMD’s than the specified one(s) for each band.
3	Conclusion
Case when more than one intermodulation falls on top of own DL channel was discussed. While we find this issue pretty challenging to solve in manner that would be suitable for all stakeholders, we propose the following to tackle this issue.

Proposal1: For each UL Inter-band CA only the highest IMD is specified automatically. Each IMD that falls on top of own DL channel and has ≥3dB MSD will be specified as well. This applies from Rel14 onwards.
Proposal2: An informative note to UL Inter-band CA MSD tables shall be added in Rel14 to indicate if there are other IMD’s than the specified one(s) for each band.
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