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1
Introduction
In RAN #63 meeting, B1+B41 CA was approved as one of example band combinations in the revised work item on “LTE TDD-FDD joint operation including CA” [1]. Then the impact of B1+B41 combination for TDD-FDD CA was studied in RAN4. With the completion of band combination specific issues for B8+B40, the core part of the work item [1] has been completed at RAN #64 meeting. However, there are still some issues for B1+B41 CA need to be further discussed, such as transmitter and receiver insertion losses, ΔTIB and ΔRIB values. Therefore, in RAN #64 meeting, a new work item for B1+B41+B41 CA (3DL/1UL) including B1+B41 CA (2DL/1UL) was approved in [2]. 
In the previous RAN4 meeting, we presented our views on UE RF requirement for CA B1+B41 [3]. In this contribution, we give the further analysis and provide a text proposal for B1+B41 CA.
2
Discussion
2.1 B1 + B41 UL harmonic products
In RAN4 #70bis meeting, the text proposal for BS harmonics and intermodulation products has been approved in [4]. Hence the remaining issue of CA_1-41 co-existence studies is the impact of UL harmonic interference. Since only B1 is considered as primary cell in the WI, B1+B41 harmonic products are given in the following table.
Table 1: Impact of UL Harmonic Interference 

	UE UL carriers
	f1_low
	f1_high

	UL frequency (MHz)
	1920
	1980

	2nd order harmonics frequency range (MHz)
	3840 to 3960

	3rd order harmonics frequency range (MHz)
	5760 to 5940

	NOTE: Only Band 1 is utilized as UL in the WI.


Therefore, we can see that none of UL harmonic products fall into the own and any other receive bands. 
2.2 ∆TIB and ∆RIB values
In the previous RAN4 meetings, two categories of UE reference architectures, which are respectively based on dedicated diplexer [5] and triplexer [6] [7], were proposed for B1+B41 CA combination (H/H band CA combination). Regardless of which UE architecture is adopted, the challenge for supporting B1+B41 CA (2DL/1UL) is to reach sufficient isolation to limit the intra-device cross-band interference while minimizing additional insertion loss. As known, the isolation from transmitting band to receiving band should be at least 50dB. And in the current WI for B1+B41 CA, we just need to consider the isolation and additional insertion loss when B1 UL is transmitting and B41 is receiving. Addition ILs based on dedicated diplexer and triplexer architecture were presented in [8] and [9], respectively. Table 2 summarizes these results. Note that additional LPF and HPF are used in cascade with the dedicated diplexer in [8], and the data from [9] is valid at room temperature.
Table 2: Additional insertion loss 
	Additional IL 
	Vendor A [8]
	Vendor B [8]
	Vendor C [9]
	Average

	Band 1 Tx
	[1.55]
	[0.75]
	[0.3]
	[FFS]

	Band 1 Rx
	[1.55]
	[1.45]
	[0]
	[FFS]

	Band 41 Tx/Rx
	[2.3]
	[2.9]
	[0.5]
	[FFS]

	Type of Solution
	Diplexer
	Diplexer
	Triplexer
	-


The data in Table 2 indicates that the gap of additional insertion loss from different vendors is a little large. Some of the data may be updated and more data may be added later. Moreover, from operators’ point of view, we are expecting further optimization on additional insertion loss. 
Since ΔTIB,c and ΔRIB need to be further investigated, the relaxation values are left FFS as below.
Table 3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-41A
	1
	[FFS]

	
	41
	[FFS]


Table 4: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_1A-41A
	1
	[FFS]

	
	41
	[FFS]


2.3 Reference sensitivity

The minimum frequency gap between B1 UL and B41 is 516 MHz. Based on the analysis in [8] and [9], B1 Tx can provide enough rejection at B41 Rx, and B41 Rx can also provide enough rejection at B1 Tx. So we think that additional reference sensitivity degradation can be avoided when B1 is set as primary cell.
3
Conclusion
In this contribution, the UE RF issues for B1+B41 CA are further analysed, and it is proposed to capture the text proposal provided in the annex in TR 36.851.
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7.2.1.1.2
  Co-existence studies for CA_1-41
Table 7.2.1.1.2-1gives the intermodulation products for band 1 + band 41 CA with 2 DLs. For the IMD analysis the maximum transmission as defined in table 7.2.1.1.1-1 is considered. None of the harmonics of one band fall into the receive band of the other. The intermodulation products generated by two operating bands do not impact the own receiver since TDD BS cannot transmit and receive simultaneously in a single band.

It can be seen in the table that 2nd order IMD products may fall into BS receive band 31. The 3rd order IMD products may fall into BS receive bands of 1, 3, 4, 7, 9, 10, 23, 24, 30, 33, 34, 36, 37, 38, 39, 40 and 41. However, when the impact of maximum bandwidth is considered, the 3rd order IMD products do not fall into the BS receive of Band 1, 23, 30, 33, 34, 36, 37, 39, 40.  

It should be noted that Bands 4, 7, 10, 24, 31 and 38 are not intended for use in the same geographical area as Band 1 and Band 41. This leaves bands 3, 9 and 41 to consider for IMD products.

Currently Bands 3, and 9 are used in the same geographical area as Bands 1 and 41. It is recommended that Bands 1 and 41 BS transmitters do not share the same antenna with Band 3 or 9 BS receivers so that the antenna PIM will not cause Band 3 or 9 BS receiver desensitization. A TDD BS cannot transmit and receive simultaneously in a single band so the own B41 receiver is protected. However, it is not recommended that different band 41 operators share the same antenna as a Band 1 transmitter unless the operation is synchronized.

Table 7.2.1.1.2-1: 2DLs B1 + B41 harmonics and IMD products frequency limits

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2170
	2496
	2690

	2nd order harmonics frequency range (MHz)
	4220
	4340
	4992
	5380

	3rd order harmonics frequency range (MHz)
	6330
	6510
	7488
	8070

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	326
	580
	4606
	4860

	3rd order IMD products
	|f2_high – 2*f1_low|
	|f2_low – 2*f1_high|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	1530
	1844
	2822
	3270

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	6716
	7030
	7102
	7550

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	1916
	2364
	2436
	2750

	3rd order IMD products (with maximum channel bandwidth)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	IMD frequency limits (MHz)
	2090
	2190
	2476
	2710


Table 7.2.1.1.2-2 analyzes the impact of harmonic products for band 1+ band 41 CA with band 1 as UL. We can conclude that none of UL harmonic products fall into the own and any other receive bands. 

Table 7.2.1.1.2-2: Impact of UL harmonic interference 

	UE UL carriers
	f1_low
	f1_high

	UL frequency (MHz)
	1920
	1980

	2nd order harmonics frequency range (MHz)
	3840 to 3960

	3rd order harmonics frequency range (MHz)
	5760 to 5940

	NOTE: Only Band 1 is utilized as UL in the WI.


7.2.1.1.3   ∆TIB and ∆RIB values
RF parts simulation results are obtained from several manufacturers. The additional IL (insertion loss) results are summarized below.
Table 7.2.1.1.3-1: Additional insertion loss
	Additional IL 
	Vendor A 
	Vendor B 
	Vendor C 
	Average

	Band 1 Tx
	[1.55]
	[0.75]
	[0.3]
	[FFS]

	Band 1 Rx
	[1.55]
	[1.45]
	[0]
	[FFS]

	Band 41 Tx/Rx
	[2.3]
	[2.9]
	[0.5]
	[FFS]

	Type of Solution
	Diplexer
	Diplexer
	Triplexer
	-


For two simultaneous DLs and only one UL, (TIB,c and (RIB values are shown in tables below.
Table 7.2.1.1.3-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-41A
	1
	[FFS]

	
	41
	[FFS]


Table 7.2.1.1.3-3: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_1A-41A
	1
	[FFS]

	
	41
	[FFS]
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