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Introduction
In the RAN4#107 meeting, companies provided some CRs [1] [2] [3] to introduce the 4th order or 5th order harmonic mixing MSD. However, there is no common understanding and assumption on the Rx harmonic rejection and it’s very hard to revisit calculation progress. So, in this paper, we’d like to review the discussion on harmonic mixing MSD.
Background about harmonic mixing MSD
Initially, in the RAN4#72bis meeting, the harmonic mixing issue was raised firstly in R4-145696 [4] especially for 3rd order Rx harmonic interference during the LTE stage. The UE reference architecture for self-desensitization analysis is shown below in this contribution.



Figure 2-1 UE reference architecture for self-desensitization analysis [4] 
In the RAN4#73 meeting, two TPs [5] [6] were approved to capture the potential UE receiver harmonic mixing problem for low bands into the respective test reports.
In the RAN4#74 meeting, company proposed a general discussion paper [7] on Receiver harmonic mixing issue. Although it was proposed to include both 2nd and 3rd order harmonics as Rx harmonic mixing issue, during the discussion in the RAN4 meeting, companies don’t reach an agreement on whether 2nd harmonic mixing has severe issue or not. And companies challenged how to calculate the MSD.
In the RAN4#74bis meeting, MSD analysis for lower band Rx harmonic mixing problem with typical parameters and link budget were provided in the contribution [8]. This contribution is very important and technical. Firstly, some typical receiver performance parameters for harmonic mixing MSD analysis were provided below. Secondly, it’s observed that although the Tx interference level in direct signal path can be mitigated by cascading more Rx filters, the MSD is still bounded due to the finite PCB isolation at 70 dB.
Table 1 Typical receiver performance parameters for MSD analysis [8]
	Parameter
	Value
	Unit

	Antenna isolation
	10
	dB

	Front-end loss
	4
	dB

	Diplexer isolation
	15
	dB

	Lower band Rx filter selectivity
	60
	dB

	PCB isolation
	70
	dB

	Rx 3rd order harmonic rejection
	20
	dB



In the RAN4#75 meeting, the similar issue for CA_28A-40A was identified in the contribution [9]. It’s noted that 30dB RFIC H3 rejection is proposed.
In the RAN4#76 meeting, the MSD test configurations for harmonic mixing interference were proposed in the contribution [10]. But no agreement was reached.
In the RAN4#76bis meeting, a WF [11] on how to handle harmonic mixing issue was noted without agreements. But the possible options are listed below.
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In the RAN4#77 meeting, after a long discussion for this harmonic mixing issue, RAN4 finally agreed to introduce such MSD into the specification with the following CRs [12] [13] for CA_20-40 and CA_28-40. As a compromise, a LS [14] was sent to RAN5 that it’s allowed the REFSENS does not have to be tested at the test points in note 2 for conformance for the allocation in B40 when UL is active in B40
Observation 1: during LTE stage, only MSD due to 3rd order harmonic mixing was specified without 2nd order harmonic mixing MSD.
In the RAN4#83 meeting, harmonic mixing MSD was raised in the contribution [15] at the beginning of NR discussion. The following potential issues were identified. At least, the following MSD issues for band combinations related to band n77 and n78 were identified.
[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\7CBA3057-8475-431F-B880-3E1F37F10B47.png]
In the NR ad hoc meeting after RAN4#83 meeting, a technical analysis [16] was provided for DC_3_n78 harmonic mixing MSD issue. It’s observed that PCS isolation capability is also the dominating effect for the MSD of B3 Rx degradation due to 2nd harmonic mixing from NR 3.5GHz.
In the RAN4#84 meeting, company provided a technical contribution [17] and proposed not to specify MSD for band 3 Rx due to harmonic mixing issue for DC_3_n78/n77. Finally, a WF [18] was approved that it is agreed that no MSD need to be defined for LTE NR band combinations due to even order harmonic mixing unless specific issues are found.
	WF for MSD by harmonic mixing in R4-1709139
· It is agreed that no MSD need to be defined for LTE NR band combinations due to even order harmonic mixing unless specific issues are found
·  Study MSD caused by odd order harmonic mixing case by case for LTE NR band combinations and make a conclusion on this.



In the RAN4-NR#3 meeting after the RAN4#84 meeting, the proposal 1 in the contribution [19] was approved based on the Chairman note.
	R4-1709561	On harmonic mixing for LTE NR DC band combinations
						  CR-  rev  Cat:  () v
					Source: Huawei, HiSilicon
Abstract: 
This contribution is for approval
Proposal 1: For band combinations of Band 3/8/19/26 with Band n77 and Band 3/5/8/19/26/39 with Band n78, no MSD caused by harmonic mixing need to be defined.
Proposal 2: For Band 42 and Band n77/n78, simultaneous Tx/Rx shall not be supported.

Discussion: 
KDDI: For P1, Band 18 should be included as well. 
Huawei: Band 18 can be included. For P2, this is different from TDD intra band synchronization WF. 
MTK: we have no issue on the proposals. The 1st order is not harmonic mixing.
LGE: For P2, it was already agreed in the last meeting. 
Qualcomm: WF by MTK should cover the proposal 2. 
Huawei: WF by MTK is general but our proposal is band specific.
Agreement: Proposal 1




Observation 2: At the beginning of NR stage, it is agreed that no MSD need to be defined for LTE NR band combinations due to even order harmonic mixing.
In RAN4#92 meeting, company identified a 2nd harmonic mixing for Middle band + C band in the contribution [20]. However, this is a new issue which have not seen in LTE spec, so RAN4 invite more inputs from more companies to study this issue.
In RAN4#92bis meeting, another company provided technical analysis [21]. Finally, the compromised value was specified based on the endorsed CR [22]. In addition, the agreement for harmonic mixing issue can be found in the Chairman note.
	=> Agreement: 
In Rel-15, MSD will be considered only for ENDC B3_n77/n78
In Rel-16, MSD will be considered for 2nd harmonic mixing with the aggressor foundmental frequency of uplink when victim downlink frequency is above 1.7GHz 



Observation 3: At the beginning of NR R16 stage, RAN4 has the following agreements.
· In Rel-15, MSD will be considered only for ENDC B3_n77/n78
· In Rel-16, MSD will be considered for 2nd harmonic mixing with the aggressor foundmental frequency of uplink when victim downlink frequency is above 1.7GHz

Based on the technical analysis in the contribution [23], it’s proposed that MSD is not required for receiver even order harmonic mixing with aggressor UL 3rd harmonic. Finally, RAN4 agreed to remove all the MSD requirements for EN-DC combinations due to receiver even order harmonic mixing with UL 3rd harmonic in the endorsed CRs [24] [25].
Observation 4: At the beginning of NR R16 stage, RAN4 has agreed that MSD is not required for receiver even order harmonic mixing with aggressor UL 3rd harmonic.
Discussion
If we go through all the discussion about the harmonic mixing MSD, we can find that the even order harmonic mixing degradations are less than the odd order harmonic mixing. The simplified math model is that Fourier series of square wave with 50% duty cycle have no even order harmonic component as below.
The square wave in time domain can be expressed below.
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Thus, we can get the Fourier series of square wave beblow.
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However, actually the receiver LO can’t be implemented ideally. Some nonideal factors should be considered. However, in LTE, although there are inter-band CA combinations subjected to receiver 2nd order harmonic mixing with fundamental UL aggressor, such as CA_3A-5A and CA_4A-5A, it was generally consented that the even order harmonic mixing gain is substantially lower than odd order harmonic mixing gain for a well-balanced switching mixer. As a result, no MSD is required for those CA combinations.
Observation 5: the even order harmonic mixing gain is substantially lower than odd order harmonic mixing gain for a well-balanced switching mixer.
A lot of contributions [8] [9] [16] mentioned that there are two paths which interfere the receiver’s LO. The first path is the Direct Signal Path where low band Rx filter selectivity is much more important. For this path, UE can cascade the additional HTF to achieve a good rejection or performance. Another path is PCB coupling path where the PCB isolation dominate the interference. Generally, PCB isolation is the bottleneck so that sensitivity degradation can be observed. Generally, 70dB PCS isolation is assumed for the harmonic mixing MSD analysis.
Observation 6: Generally, 70dB PCS isolation is assumed for the harmonic mixing MSD analysis. Although the Tx interference level in direct signal path can be mitigated by cascading more Rx filters, the MSD is still bounded due to the finite PCB isolation at 70 dB.
Currently, we’d like to summarize the Rx 2nd and 3rd harmonic rejection of Receiver LO from companies’ contributions.
Table 2 The summary of Rx harmonic rejection of Receiver LO
	Rx harmonic order
	Proposed Values

	Rx 3rd harmonic rejection of Receiver LO
	20dB [8]
30dB [9]

	Rx 2nd harmonic rejection of Receiver LO
	At least 60dB [17]
46dB [20]
52dB [21]



For 5th harmonic rejection of Receiver LO, the values can be lower than Rx 3rd harmonic rejection with 3~5dB.
For 4th harmonic rejection of Receiver LO, the values can be lower than Rx 2nd harmonic rejection with 5~8dB.
Observation 7:
5th harmonic rejection of Receiver LO is lower than Rx 3rd harmonic rejection.
4th harmonic rejection of Receiver LO is lower than Rx 2nd harmonic rejection.
As RAN4 has the following agreement in Rel-16 for 2nd harmonic mixing, this agreement can be also applicable for 4th harmonic mixing MSD due to better Rx harmonic rejection than 2nd. The logic is contradictory with each other if we specify the MSD due to 4th harmonic mixing for CA_n5-n77 but not to specify the MSD due to 2nd harmonic mixing for CA_n5-n66 (CA_n3-n5). 
=> Agreement: 
In Rel-15, MSD will be considered only for ENDC B3_n77/n78
In Rel-16, MSD will be considered for 2nd harmonic mixing with the aggressor foundmental frequency of uplink when victim downlink frequency is above 1.7GHz 
Proposal 1: MSD will be considered for 4th harmonic mixing with the aggressor fundamental frequency of uplink when victim downlink frequency is above 1.7GHz as RAN4 has had a similar agreement for 2nd harmonic mixing.
In the approved contributions [24] [25] and discussion [23], RAN4 has agreed that MSD is not required for receiver even order harmonic mixing with aggressor UL 3rd harmonic. Thus, RAN4 should follow the agreement to remove such kind of MSD.
Proposal 2: to remove MSD requirements for NR CA combinations due to receiver even order harmonic mixing with UL aggressor 3rd harmonic from current technical specifications.
Proposal 3: As principles, to introduce proposal 1 and 2 into the specifications.
Summary
Observation 1: during LTE stage, only MSD due to 3rd order harmonic mixing was specified without 2nd order harmonic mixing MSD.
Observation 2: At the beginning of NR stage, it is agreed that no MSD need to be defined for LTE NR band combinations due to even order harmonic mixing.
Observation 3: At the beginning of NR R16 stage, RAN4 has the following agreements.
· In Rel-15, MSD will be considered only for ENDC B3_n77/n78
· In Rel-16, MSD will be considered for 2nd harmonic mixing with the aggressor foundmental frequency of uplink when victim downlink frequency is above 1.7GHz

Observation 4: At the beginning of NR R16 stage, RAN4 has agreed that MSD is not required for receiver even order harmonic mixing with aggressor UL 3rd harmonic.
Observation 5: the even order harmonic mixing gain is substantially lower than odd order harmonic mixing gain for a well-balanced switching mixer.
Observation 6: Generally, 70dB PCS isolation is assumed for the harmonic mixing MSD analysis. Although the Tx interference level in direct signal path can be mitigated by cascading more Rx filters, the MSD is still bounded due to the finite PCB isolation at 70 dB.
Observation 7:
5th harmonic rejection of Receiver LO is lower than Rx 3rd harmonic rejection.
4th harmonic rejection of Receiver LO is lower than Rx 2nd harmonic rejection.
Proposal 1: MSD will be considered for 4th harmonic mixing with the aggressor fundamental frequency of uplink when victim downlink frequency is above 1.7GHz as RAN4 has had a similar agreement for 2nd harmonic mixing.
Proposal 2: to remove MSD requirements for NR CA combinations due to receiver even order harmonic mixing with UL aggressor 3rd harmonic from current technical specifications.
Proposal 3: As principles, to introduce proposal 1 and 2 into the specifications.
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Possible Options

* HMI: Harmonic Mixing Issue

# Handling of TS Comments

Option 1 |Keep current spec. Implementation is limited.
- No MSD due to HMI. |Certain L/O will not be allowed.

Option 2 [No MSD but add note Allow flexible Implementation.

into TS. - Note will be “RANS can skip
MSD tests due to HMI".
Option 3 [Specify MSD due to HMI [MSD will be large (~40 dB). It
into TS and RAN5 seems meaningless to capture so

performs MSD tests. large MSD into TS.
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