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1. Introduction
In RAN #73 meeting, the CA combination of CA_5A-41A_BCS0 was approved in the revised 2DL basket WID [1]. CA_5A_41A could be categorized as class A2 CA owing to 3rd order harmonic of Band 5 UL that may fall into Band 41 DL carrier and lead to self-desensitization. This band combination also suffers from another self-interference risk when B41 UL carrier locates at frequency ranges of 3rd order harmonic for Band 5 DL carrier. In this contribution, we analyse the harmonic and harmonic mixing issues for this case.
2. Discussion
2.1 Harmonic issue

Figure 2-1 shows frequency arrangement of Band 5, Band 41 and 3rd order harmonic of Band 5 UL, and it could be obviously observed that 3rd order harmonic of Band 5 will fall within 2472~2547MHz, which partly overlap with Band 41 as highlighted in yellow part. Hence, whether adopting HTF to mitigate the harmonic interference for Band 41 or not would depend on deployment requirements from operators.
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Figure 2-1 Frequency arrangement for Band 5, Band 41 and 3rd harmonic of Band 5 UL
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Figure 2-2 Reference architecture without a HTF for CA_5A-41A
Figure 2-2 shows the reference architecture for CA_5A-41A assumed without HTF in the Band 5 RF path, and the corresponding link analysis for B41 Rx desensitization level calculation is presented in Table 2-1 when UL is deployed at Band 5 with the maximum output power.
Table 2-1 Link analysis for Band 41 Rx desensitization level calculation
	  
	Primary 
	Diversity 

	Parameter 
	Value 
	Value 
	Value 
	Value 

	B5 Tx 
	27.5dBm
	　
	27.5dBm
	　

	B5 PA H3 
	-50.5dBc
	-23dBm
	-50.5dBc
	-23 dBm

	B5 duplexer 
	38dBc
	-61dBm
	38dBc
	-61 dBm

	LB switch 
	-96.5dBm
	-61dBm
	-96.5dBm
	-61 dBm

	Diplexer 
	15dB
	-76dBm
	15dB
	-76 dBm

	Antenna isolation 
	　
	　
	10dB
	-86 dBm

	HB switch attenuation 
	0.7dB
	-76.7dBm
	0.7dB
	-86.7 dBm

	HB switch H3 
	-126dBm
	-76.7dBm
	-111.9dBm
	-86.7 dBm

	B41 filter attenuation 
	3.3dB
	-80dBm
	3.3dB
	-90dBm

	B5 PA to B41 LNA isolation 
	80dB
	-103dBm
	80dB
	-103dBm

	Single chip DA to LNA 
	-100dBm
	-100dBm
	-100dBm
	-100dBm

	Composite 
	　
	-80dBm
	　
	-89.4dBm

	Interference noise  referred to antenna
	
	-76dBm
	
	-85.4dBm

	MSD after MRC for 20MHz carrier
	14.1dB


As shown in the Table 2-1, 14.1 dB MSD for 20MHz carrier is needed taking 3rd order harmonic interference of Band 5 UL into account. However, 3rd harmonic products of Band 5 UL partially overlap with Band 41 DL which means there is no 3rd harmonic issue if Band 41 carrier is deployed in 2547~2690MHz. And according to the actual carrier configurations and deployment requirements for operator in India, the 3rd order of harmonic product of Band 5 UL will not impact the Band 41 DL.
Based on above analysis and operator’s deployment plan, it is proposed that no reference sensitivity requirements apply for CA_5A-41A when there is at least one individual RE within the transmission bandwidth of Band 5 for which the 3rd harmonic is within the transmission bandwidth of Band 41.

Proposal 1: For CA_5A-41A, no reference sensitivity requirements will apply when there is at least one individual RE within the transmission bandwidth of Band 5 for which the 3rd harmonic is within the transmission bandwidth of Band 41 currently.
2.2 Harmonic mixing issue
Besides the harmonic interference issue to Band 41 causing by Band 5 UL, Band 5 DL will suffer from receiver desensitization when UL is deployed in Band 41 due to typical harmonic mixing issue for simultaneous TX/RX operation as shown in Table 2-2.

Table 2-2 Band 5 DL and Band 41 UL harmonic relation
	 
	B5 DL
	B5 DL x3 
	B41

	Range (MHz)
	869 - 894
	2607 - 2682
	2496 – 2690


As showed in Figure 2-3 Band 5 is a subset of Band 26, and their DL 3rd harmonic products are partial overlap with Band 41 UL.
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Figure 2-3 The relationship of B5 and B26 DL 3rd harmonics and B41 UL
It can be observed that Band 5 DL in CA_5A-41A case also suffers from receiver degradation due to harmonic mixing when UL is deployed in Band 41, as well as CA_26A-41A. According to the RAN4 discussion for CA_26A-41A, MSD for CA_26A-41A is higher than 20dB even adding bandpass filters to mitigate desensitization level of Band 26 DL. Final, RAN4 agreed that the network should avoid simultaneous Tx/Rx operation when the B41 UL and B26 DL 3rd harmonic alignment condition occurs for CA_26A-41A [2].
In addition, the overlap region of 3rd order harmonic of Band 5 DL with Band 41 UL is smaller than the overlap of 3rd order harmonic of Band 26 DL with Band 41 UL. Therefore, we propose to reuse the method of CA_26A-41A for CA_5A-41A.

Proposal 2: The network should avoid simultaneous Tx/Rx operation for CA_5A-41A when the Band 41 UL and 3rd harmonic of Band 5 DL overlaps each other.
3. Conclusion
In this contribution, the harmonic and harmonic mixing issues are discussed for CA_5A-41A, and below proposals are provided:

Proposal 1: For CA_5A-41A, no reference sensitivity requirements will apply when there is at least one individual RE within the transmission bandwidth of Band 5 for which the 3rd harmonic is within the transmission bandwidth of Band 41 currently.
Proposal 2: The network should avoid simultaneous Tx/Rx operation for CA_5A-41A when the Band 41 UL and 3rd harmonic of Band 5 DL overlaps each other.
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