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1.  Introduction

The support of inter-band CA of CA_3DL_3A-41A-42A_2UL_3A-41A_BCS0 was approved as a part of basket WID in RAN#76[1]. This paper is to discuss issues to complete the WI. TP is also proposed to capture the discussions.
2.  Band combination and channel bandwidths
The band combination and bandwidths to be supported are listed in Table 1.
Table 1: CA configurations under study
	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_3A-41A-42A
	CA_3A-41A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	
	41
	
	
	
	Yes
	Yes
	Yes
	
	

	
	
	42
	
	
	
	Yes
	Yes
	Yes
	
	


Note: Band 41 and Band 42 are assumed to be synchronized.
3.  Co-existence study
Table 2 lists 3A-41A 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 
Table 2: Harmonic and IMD analysis

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	2496
	2690

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3420
	3570
	4992
	5380

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5130
	5355
	7488
	8070

	Two tone 2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	711
	980
	4206
	4475

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	730
	1074
	3207
	3670

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	5916
	6260
	6702
	7165

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	|3*fy_low – fx_high|
	|3*fy_high – fx_low|

	IMD frequency limits (MHz)
	2440
	2859
	5703
	6360

	Two-tone 4th order IMD products
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	IMD frequency limits (MHz)
	7626
	8045
	9198
	9855

	Two-tone 4th order IMD products
	|2*fx_low – 2*fy_high|
	|2*fx_high – 2*fy_low|
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|

	IMD frequency limits (MHz)
	1422
	1960
	8412
	8950

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high| 
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	9050
	8199
	4644
	4150

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	11694
	12545
	9336
	9830

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	4650
	3918
	363
	250

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	10908
	11640
	10122
	10735


According to the result, 4th order IMD may fall into own Rx of band 3 and band 41. However the IMD problem is already covered in 2DL/2UL CA_3A-41A in Table 7.3.1A-0f in TS36.101. Also the 2nd harmonics from band 3 Tx to Band 42 Rx has already been studied in Table 7.3.1A-0a in TS36.101.  For band 42, the 2nd harmonic of band 3 and 3rd order IMD (2*B41-B3) will fall down to band 42 Rx.
4.  MSD
For band 42, MSD due to the 3rd IMD could be excluded since band 41 and band 42 are assumed to be synchronized. Then 2nd harmonic falldown of band 3 Tx should only be addressed but this MSD was already studied in 2DL/1UL CA_3A-42A which has been captured in 36.101[3] as below. 
Table 3 (Table 7.3.1A-0a of [3]): Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issue)

	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_3A-42A9,10
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	4233
	
	
	-71.7
	-71.7
	-71.7
	-71.7
	TDD

	CA_3A-42A11
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	4233
	
	
	-97.1
	-94.7
	-93.2
	-92.5
	TDD

	NOTE 9:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = 10 MHz for CA_3A-42A, CA_1A-3A-42A, CA_2A-48A, CA_2A-48C, CA_3A-19A-42A, CA_1A-3A-19A-42A and CA_3A-28A-41A-42A. FHD = 0MHz for CA_11A-28A.
NOTE 10:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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NOTE 11:
The requirements are only applicable to channel bandwidths with a carrier frequency at 
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are the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.
NOTE 33: Applicable for the operations with 2 or 4 antenna ports supported in the band with carrier aggregation configured.


Then there is no need to study a new MSD for the 3DL/2UL CA.
[Proposal-1] No new MSD is to be studied for this CA.

5.  ∆TIB,c and ∆RIB,c values
The ∆TIB and ∆RIB can be based on 1UL/3DL of 3A-41A-42A [3]:

Table 4: ΔTIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_3A-41A-42A14
	3
	1

	
	41
	0.35

	
	
	0.86

	
	42
	0.8

	NOTE 5:
The requirement is applied for UE transmitting on the frequency range of 2545-2690MHz.
NOTE 6:
The requirement is applied for UE transmitting on the frequency range of 2496-2545MHz.
NOTE 14:
Applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx among TDD bands.


Table 5: ΔRIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_3A-41A-42A13
	3
	0.5

	
	41
	05

	
	
	0.56

	
	42
	0.5

	NOTE 5:
The requirement is applied for UE transmitting on the frequency range of 2545-2690MHz.
NOTE 6:
The requirement is applied for UE transmitting on the frequency range of 2496-2545MHz.
NOTE 13:
Applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx among TDD bands.


6.  Conclusion
This paper is to discuss harmonic/IMD falldown and evaluate ∆TIB and ∆RIB. 
[Proposal-1] No new MSD is to be studied for this CA.

Text proposal is shown in Annex to capture the proposals.  
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6.Z
LTE Advanced Carrier Aggregation: Band 3 and Band 41 and Band 42 with 2 ULs
6.Z.1
List of specific combination issues
6.Z.1.1
Channel bandwidths per operating band for CA

Table 6.Z.1.1-1: CA configurations under study

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_3A-41A-42A
	CA_3A-41A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	
	41
	
	
	
	Yes
	Yes
	Yes
	
	

	
	
	42
	
	
	
	Yes
	Yes
	Yes
	
	


Note: Band 41 and Band 42 are assumed to be synchronized.

6.Z.1.2
Co-existence studies for LTE-A UL CA_3A-41A and DL CA_3A-41A-42A
For 2UL / 3DL own receiver desensitization study 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 6.Z.1.2-1
Table 6.Z.1.2-1: Harmonic and IMD analysis

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	2496
	2690

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3420
	3570
	4992
	5380

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5130
	5355
	7488
	8070

	Two tone 2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	711
	980
	4206
	4475

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	730
	1074
	3207
	3670

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	5916
	6260
	6702
	7165

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	|3*fy_low – fx_high|
	|3*fy_high – fx_low|

	IMD frequency limits (MHz)
	2440
	2859
	5703
	6360

	Two-tone 4th order IMD products
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	IMD frequency limits (MHz)
	7626
	8045
	9198
	9855

	Two-tone 4th order IMD products
	|2*fx_low – 2*fy_high|
	|2*fx_high – 2*fy_low|
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|

	IMD frequency limits (MHz)
	1422
	1960
	8412
	8950

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high| 
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	9050
	8199
	4644
	4150

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	11694
	12545
	9336
	9830

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	4650
	3918
	363
	250

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	10908
	11640
	10122
	10735


According to the result, 4th order IMD may fall into own Rx of band 3 and band 41. However the IMD problem is already covered in 2DL/2UL CA_3A-41A in Table 7.3.1A-0f in TS36.101. For band 42, the 2nd harmonics from band 3 Tx to Band 42 Rx has already been studied in Table 7.3.1A-0a in TS36.101. Also 3rd order IMD (2*B41-B3) will fall down to band 42 Rx. However, MSD due to the 3rd IMD could be excluded since band 41 and band 42 are assumed to be synchronized.
6.Z.1.3
MSD
For band 42, MSD due to the 3rd IMD could be excluded since band 41 and band 42 are assumed to be synchronized. Then 2nd harmonic falldown of band 3 Tx should only be addressed but this MSD was already studied in 2DL/1UL CA_3A-42A which has been captured in 36.101. 

Hence, when uplink CA configurations CA_3A-41A is paired with downlink CA configuration CA_3A-41A-42A there is no interference components from 2 uplink operation which would interfere the downlink of the third band.
6.Z.1.4
∆TIB and ∆RIB values

∆TIB and ∆RIB can be based on 1UL/3DL of 3A-41A-42A as:

Table 6.Z.1.4-1: ΔTIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_3A-41A-42A14
	3
	1

	
	41
	0.35

	
	
	0.86

	
	42
	0.8

	NOTE 5:
The requirement is applied for UE transmitting on the frequency range of 2545-2690MHz.
NOTE 6:
The requirement is applied for UE transmitting on the frequency range of 2496-2545MHz.
NOTE 14:
Applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx among TDD bands.


Table 6.Z.1.4-2: ΔRIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_3A-41A-42A13
	3
	0.5

	
	41
	05

	
	
	0.56

	
	42
	0.5

	NOTE 5:
The requirement is applied for UE transmitting on the frequency range of 2545-2690MHz.
NOTE 6:
The requirement is applied for UE transmitting on the frequency range of 2496-2545MHz.
NOTE 13:
Applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx among TDD bands.
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