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1
Introductions
This document address finalization of CA 3+7+20+32 with 1UL and discusses next evolutionary steps towards 2UL.
2
Discussion
The CA 4DL_3A_7A_20A_32A_1UL is very likely to be finalized at RAN4#83 meeting, with the approval of latest TPs for corrections to TR 36.714-03-01 and TR 36.714-02.01 [1] [2] and Big CRs including related requirements.

Finalized case is considering a single carrier transmitting in UL. Next evolutionary steps proposed for Rel-15 will then consider the possibility to have CA 2UL in uplink. In particular, following UL CA configurations will be addressed:
· 2UL 3+7
· 2UL 3+20
· 2UL 7+20
And following CA configuration will be proposed to Rel-15 Basket WID xDL/2UL CA, including not yet defined fallback modes:

· CA_3DL_3A-7A-32A_2UL_3A-7A_BCS0

· CA_3DL_3A-20A-32A_2UL_3A-20A_BCS0

· CA_3DL_7A-20A-32A_2UL_7A-20A_BCS0

· CA_4DL_3A-7A-20A-32A_2UL_3A-7A_BCS0

· CA_4DL_3A-7A-20A-32A_2UL_3A-20A_BCS0

· CA_4DL_3A-7A-20A-32A_2UL_7A-20A_BCS0

Different 2UL configurations above involving bands 3, 7 and 20 have been already analysed and MSD values have been already defined when necessary. On top of that, in the first phase of the activity harmonics and IMD analysis will be carried out in order to check if B32 reception within the UE is impacted by simultaneous transmission of two carriers (3+7, 3+20 or 7+20). In the next clauses first analysis have been reported, showing that there is at least one case that need further investigations.

2.1 2UL 3A-7A

Table 1 lists B3+B7 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 
Table 1: Band 3 and Band 7 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	2500
	2570

	2nd harmonics frequency limits (MHz)
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	
	3420
	3570
	5000
	5140

	
	3420 to 3570
	5000 to 5140

	3rd harmonics frequency limits (MHz)
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	
	5130
	5355
	7500
	7710

	
	5130 to 5355
	7500 to 7710

	2nd order IMD products and frequency limits (MHz)
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	
	715
	860
	4210
	4355

	
	715 to 860
	4210 to 4355

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	
	850
	1070
	3215
	3430

	
	850 to 1070
	3215 to 3430

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	
	5920
	6140
	6710
	6925

	
	5920 to 6140
	6710 to 6925

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|fx_low – fy_high + fy_low|
	|fx_high + fy_high – fy_low|
	|fy_low – fx_high + fx_low|
	|fy_high + fx_high – fx_low|

	
	1640
	1855
	2425
	2645

	
	1640 to 1855
	2425 to 2645

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|fx_low – max BW fy|
	|fx_high + max BW fy|
	|fy_low – max BW fx|
	|fy_high + max BW fx|

	
	1690
	1805
	2480
	2590

	
	1690 to 1805
	2480 to 2590

	Two-tone 4th order IMD products and frequency limits (MHz)
	|3*fx_low - fy_high|
	|3*fx_high - fy_low|
	|3*fy_low - fx_high|
	|3*fy_high - fx_low|

	
	2560
	2855
	5715
	6000

	
	2560 to 2855
	5715 to 6000

	Two-tone 4th order IMD products and frequency limits (MHz)
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	
	7630
	7925
	9210
	9495

	
	7630 to 7925
	9210 to 9495

	Two-tone 4th order IMD products and frequency limits (MHz)
	|2*fx_low - 2*fy_high|
	|2*fx_high - 2*fy_low|
	|2*fy_low - 2*fx_high|
	|2*fy_high - 2*fx_low|

	
	1720
	1430
	1430
	1720

	
	1430 to 1720
	1430 to 1720

	Two-tone 4th order IMD products and frequency limits (MHz)
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|
	|2*fy_low + 2*fx_low|
	|2*fy_high + 2*fx_high|

	
	8420
	8710
	8420
	8710

	
	8420 to 8710
	8420 to 8710

	Two-tone 5th order IMD products and frequency limits (MHz)
	|fx_low – 4*fy_high| 
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	
	8570
	8215
	4640
	4270

	
	8215 to 8570
	4270 to 4640

	Two-tone 5th order IMD products and frequency limits (MHz)
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	
	11710
	12065
	9340
	9710

	
	11710 to 12065
	9340 to 9710

	Two-tone 5th order IMD products and frequency limits (MHz)
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	
	4290
	3930
	355
	10

	
	3930 to 4290
	10 to 355

	Two-tone 5th order IMD products and frequency limits (MHz)
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	
	10920
	11280
	10130
	10495

	
	10920 to 11280
	10130 to 10495


Based on Table 1, 4th order IMD may fall into own Rx of Band 32 in UE.
2.2 2UL 3A-20A

Table 2 lists B3+B20 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 
Table 2: Band 3 and Band 20 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	832
	862

	2nd harmonics frequency limits (MHz)
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	
	3420
	3570
	1664
	1724

	
	3420 to 3570
	1664 to 1724

	3rd harmonics frequency limits (MHz)
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	
	5130
	5355
	2496
	2586

	
	5130 to 5355
	2496 to 2586

	2nd order IMD products and frequency limits (MHz)
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	
	953
	848
	2542
	2647

	
	848 to 953
	2542 to 2647

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	
	2558
	2738
	121
	14

	
	2558 to 2738
	14 to 121

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	
	4252
	4432
	3374
	3509

	
	4252 to 4432
	3374 to 3509

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|fx_low – fy_high + fy_low|
	|fx_high + fy_high – fy_low|
	|fy_low – fx_high + fx_low|
	|fy_high + fx_high – fx_low|

	
	1680
	1815
	757
	937

	
	1680 to 1815
	757 to 937

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|fx_low – max BW fy|
	|fx_high + max BW fy|
	|fy_low – max BW fx|
	|fy_high + max BW fx|

	
	1690
	1805
	812
	882

	
	1690 to 1805
	812 to 882

	Two-tone 4th order IMD products and frequency limits (MHz)
	|3*fx_low - fy_high|
	|3*fx_high - fy_low|
	|3*fy_low - fx_high|
	|3*fy_high - fx_low|

	
	4268
	4523
	711
	876

	
	4268 to 4523
	711 to 876

	Two-tone 4th order IMD products and frequency limits (MHz)
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	
	5962
	6217
	4206
	4371

	
	5962 to 6217
	4206 to 4371

	Two-tone 4th order IMD products and frequency limits (MHz)
	|2*fx_low - 2*fy_high|
	|2*fx_high - 2*fy_low|
	|2*fy_low - 2*fx_high|
	|2*fy_high - 2*fx_low|

	
	1696
	1906
	1906
	1696

	
	1696 to 1906
	1696 to 1906

	Two-tone 4th order IMD products and frequency limits (MHz)
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|
	|2*fy_low + 2*fx_low|
	|2*fy_high + 2*fx_high|

	
	5084
	5294
	5084
	5294

	
	5084 to 5294
	5084 to 5294

	Two-tone 5th order IMD products and frequency limits (MHz)
	|fx_low – 4*fy_high| 
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	
	1738
	1543
	6308
	5978

	
	1543 to 1738
	5978 to 6308

	Two-tone 5th order IMD products and frequency limits (MHz)
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	
	5038
	5233
	7672
	8002

	
	5038 to 5233
	7672 to 8002

	Two-tone 5th order IMD products and frequency limits (MHz)
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	
	834
	1074
	3691
	3406

	
	834 to 1074
	3406 to 3691

	Two-tone 5th order IMD products and frequency limits (MHz)
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	
	5916
	6156
	6794
	7079

	
	5916 to 6156
	6794 to 7079


Based on Table 2, no harmonics and IMD may fall into own Rx of Band 32 in UE.
2.3 2UL 7A-20A
Table 3 lists B7+B20 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 
Table 3: Band 7 and Band 20 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	2500
	2570
	832
	862

	2nd harmonics frequency limits (MHz)
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	
	5000
	5140
	1664
	1724

	
	5000 to 5140
	1664 to 1724

	3rd harmonics frequency limits (MHz)
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	
	7500
	7710
	2496
	2586

	
	7500 to 7710
	2496 to 2586

	2nd order IMD products and frequency limits (MHz)
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	
	1738
	1638
	3332
	3432

	
	1638 to 1738
	3332 to 3432

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	
	4138
	4308
	906
	776

	
	4138 to 4308
	776 to 906

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	
	5832
	6002
	4164
	4294

	
	5832 to 6002
	4164 to 4294

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|fx_low – fy_high + fy_low|
	|fx_high + fy_high – fy_low|
	|fy_low – fx_high + fx_low|
	|fy_high + fx_high – fx_low|

	
	2470
	2600
	762
	932

	
	2470 to 2600
	762 to 932

	Two-tone 3rd order IMD products and frequency limits (MHz)
	|fx_low – max BW fy|
	|fx_high + max BW fy|
	|fy_low – max BW fx|
	|fy_high + max BW fx|

	
	2480
	2590
	812
	882

	
	2480 to 2590
	812 to 882

	Two-tone 4th order IMD products and frequency limits (MHz)
	|3*fx_low - fy_high|
	|3*fx_high - fy_low|
	|3*fy_low - fx_high|
	|3*fy_high - fx_low|

	
	6638
	6878
	74
	86

	
	6638 to 6878
	74 to 86

	Two-tone 4th order IMD products and frequency limits (MHz)
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	
	8332
	8572
	4996
	5156

	
	8332 to 8572
	4996 to 5156

	Two-tone 4th order IMD products and frequency limits (MHz)
	|2*fx_low - 2*fy_high|
	|2*fx_high - 2*fy_low|
	|2*fy_low - 2*fx_high|
	|2*fy_high - 2*fx_low|

	
	3276
	3476
	3476
	3276

	
	3276 to 3476
	3276 to 3476

	Two-tone 4th order IMD products and frequency limits (MHz)
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|
	|2*fy_low + 2*fx_low|
	|2*fy_high + 2*fx_high|

	
	6664
	6864
	6664
	6864

	
	6664 to 6864
	6664 to 6864

	Two-tone 5th order IMD products and frequency limits (MHz)
	|fx_low – 4*fy_high| 
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	
	948
	758
	9448
	9138

	
	758 to 948
	9138 to 9448

	Two-tone 5th order IMD products and frequency limits (MHz)
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	
	5828
	6018
	10832
	11142

	
	5828 to 6018
	10832 to 11142

	Two-tone 5th order IMD products and frequency limits (MHz)
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	
	2414
	2644
	6046
	5776

	
	2414 to 2644
	5776 to 6046

	Two-tone 5th order IMD products and frequency limits (MHz)
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	
	7496
	7726
	9164
	9434

	
	7496 to 7726
	9164 to 9434


Based on Table 3, no harmonics and IMD may fall into own Rx of Band 32 in UE.
3
Conclusion
The CA 4DL_3A_7A_20A_32A_1UL is very likely to be finalized at RAN4#83 meeting, with the approval of latest TPs for corrections to TR 36.714-03-01 and TR 36.714-02.01 and Big CRs including related requirements.

Finalized case is considering a single carrier transmitting in UL. Next evolutionary steps proposed for Rel-15 will then consider the possibility to have CA 2UL in uplink. In particular, following UL CA configurations will be addressed:

· 2UL 3+7
· 2UL 3+20
· 2UL 7+20
Different 2UL configurations above involving bands 3, 7 and 20 have been already analysed and MSD values have been already defined when necessary. On top of that, in the first phase of the activity harmonics and IMD analysis will be carried out in order to check if B32 reception within the UE is impacted by simultaneous transmission of two carriers (3+7, 3+20 or 7+20).

A preliminary analysis performed in this document shows that there is at least one case that will need further investigations (IMD4 in case of 2UL 3+7).
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