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1. Introduction

In the last RAN4 meeting #72-BIS, a way forward document of [1] was approved. The agreement is as follows.

· The following aspects are evaluated in RAN4#73.
1. MSD with a trap filter and associated Delta TIB, C and Delta RIB, C
2. MSD without a trap filter and associated Delta TIB, C and Delta RIB, C
· It is encouraged to share the followings in RAN4#73.
1. Assumptions such as filter isolation to discuss trade-off between suppressing 2nd harmonic and its side effects.
2. Information on Band 3 and Band 42 spectrum allocation as much as possible to identify if any issues currently exist or not.
· Whether the trap filter is taken into account or not is decided and the requirements are derived based on the decision and evaluation results in RAN4#73

In this contribution, we provide some views on 2nd harmonic on MSD and how to specify reference sensitivity requirements based on the outcome of whether we introduce harmonic filter or not.
2. Discussion
2.1. Main factors to affect MSD
In this Section, we aim to identify the main factors to affect MSD on CA_3A-42A and CA_3A-42C.  For over several years, there have been a lot of contributions to derive MSD due to 3rd hamonic. As far as we know, the contribution of [2] is the contribution which provided specific MSD values and was officially approved. In [2], there is a following Table. Then, we refer to the contents of the table as much as possible to derive the main factors of MSD. Here we specifically pay attention to PA, filter attenuation and PCB isolation.
	
	Primary
	Diversity

	Parameter
	Value
	H3 level
	Value
	H3 level

	B17 Tx
	27.5
	
	27.5
	

	B17 PA H3
	-50
	-22.5
	-50
	-22.5

	B17 duplexer
	40
	-62.5
	40
	-62.5

	Harmonic filter
	30.5
	-93.0
	30.5
	-93.0

	LB switch
	-96.5
	-91.4
	-96.5
	-91.4

	Diplexer
	15
	-106.4
	15
	-106.4

	Antenna isolation
	
	
	10
	-116.4

	HB switch attenuation
	0.7
	-107.1
	0.7
	-117.1

	HB switch H3
	-126
	-107.0
	-111.9
	-110.8

	B4 duplexer attenuation
	1.6
	-108.6
	1.6
	-112.4

	B4 duplexer H3
	-126
	-108.6
	-111.9
	-109.1

	B17 PA to B4 LNA isolation
	80
	-102.5
	80
	-102.5

	Single chip DA to LNA
	-100
	-100.0
	-100
	-100.0

	Composite
	
	-97.7
	
	-97.7


PA: -35 dBc at 2nd harmonic
Needless to say, B4+B17 has 3rd harmonic issue, while B3+B42(+42) has 2nd harmonic. Thus, fundamentally, the level of 2nd harmonic from PA is even higher than that of 3rd harmonic. 

In this contribution, we tentatively adopt -35 dBc for 2nd harmonic for Band 3 PA. Note that in [2], -50 dBc is adopted for 3rd harmonic for Band 17 PA. -35 dBc leads to -7.5 dBm@ 2nd harmonic from PA.

Filters: From 20 to 80 dB (Total value including Band 3 duplexer and HF)
Filter attenuation including both harmonic filter (hereafter called as “HF”) and Band 3 duplexer affects the input at LNA. The decision of with or without HF can drastically change the value at LNA. In this contribution, we analyze the impact on MSD by assuming the attenuations between 20 and 80 dB in total.

PCB isolation: From 65 to 80 dB
In [2], 80 dB isolation is estimated. This is the best value to suppress the harmonic via PCB to LNA which so far has been discussed in RAN4. There is a possibility that the achievable PCB isolation may be different from frequency to frequency. Therefore, in this contribution, we analyze the impact on MSD by assuming the isolation between 65 and 80 dB.

Now the value from PA 2nd harmonic of -7.5 dBm is quite high. Even if we apply 70 dB attenuation from filters to it, still the value is -77.5 dBm. Thus, when we discuss the impact on MSD, the contributions from switch loss, switch non-linearity, filter insertion loss and filter non-linearity can be (almost) all ignored. 

· Observation 1: The main factors to determine the tendency of MSD value are the followings.

· PA linearity

· Total filter attenuation (including HF and Band 3 duplexer) 
· PCB isolation
2.2. Impact of the main factors on MSD
In this Section, we evaluate specific impacts of the above main factors on MSD. Note that in [2], composite values for Primary and Diversity at LNA are both -97.7 dBm. Still, however, some MSD was introduced and it was different according to the channel bandwidths for victim band. For reference, B4+B12 and B4+B17 MSD requirements are provided as follows.
Table 2.2-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)
	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_4A-12A
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	[-89]
	[-88.5]
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-17A
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-96.5
	-93.5
	
	
	


It should be also noted that it can be easily expected that even if we increase only the total filter attenuation, the effect will face the bottleneck when the attenuation reaches the value of PCB isolation.
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Figure 2.2-1: MSD analysis for 3+42(+42)
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Figure 2.2-2: Impact of Filter attenuation and PCB isolation on MSD(Primary)

From the Figure 2.2-2, it can be seen that if the PCB isolation is small such as 65 dB, the total filter attenuation more than 55 dB does not help to improve MSD. Note that in practice, triplexer can provide additional attenuation of 15 dB. That means in total, 70 dB isolation can be provided to the PA noise via filter pass.

· Observation 2: Required attenuation of total attenuation from filters to improve MSD depends on the PCB isolation and vice versa.
Moreover, without HF, the MSD is significantly large (more than 50 dB) so that the operators having a portion of 3.5GHz spectrum where 2nd harmonic directly hits may not like to use this spectrum as CA. Even if the best PCB isolation and the infinite filter attenuation were provided, the MSD would be even larger than B4+B17. Note that the MSD values depend on channel bandwidths. Thus, seemingly HF may not be necessary since even if we introduce HF, still MSD is quite large.

It is, however, worth mentioning that without HF, the input level of LNA from PA is around -50 dBm although the value depends on Band 3 duplexer attenuation. Therefore, the noise level very close to the place where the 2nd harmonic directly hits may be larger so that still MSD may happen.

· Observation 3: Without HF, other spectrum regions where 2nd harmonic does not directly hit may have reference sensitivity degradation.

The mechanism is illustrated in Figure 2.2-2.
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Figure 2.2-2: Impact of 2nd PA harmonic on the spectrum where it does not directly hit.

Therefore, it is better to take the impact of 2nd harmonic on the regions where 2nd harmonic does not directly hits specifically without HF 
· Observation 4: If we aim to make the CA configuration more available with a good performance to many operators, the HF is necessary. Note that this means we need to accept some performance degradation of Band 3.
2.3. Filter attenuation and IL

In this Section, we aim to identify IL and relaxation values in case we determine the introduction of HF. As was mentioned in the Section 2.2, total filter attenuation more than 70 dB may not contribute to improve the MSD anymore. To obtain 70 dB, we firstly evaluate Band 3 duplexer characteristics.

Table 2.3-1: Commercially available Band 3 duplexer data (ETC)
[image: image4.jpg]Vendor Commercially available Band 3 Duplexer characteristics Required ATT by HF to

TxRx1SO | Tx-RxISO | ATT@ 3420-3570MHz Min getiiodty
@Tx Min | @Rx Min (dB)
(dB) (dB)
A 50 48 20 dB 50
A 53 50 21dB 49
A 53 50 20 dB 50
B 53 50 20 dB 50
c 50 46 10 60
c 52 47 27dB 43
D 55 50 25dB 45





As can be seen from the above Table 2.3-1, required attenuation for HF is quite large if attenuation of 70 dB is necessary. In addition, as we discussed already, the meaningful total filter attenuation and an appropriate way to obtain the total attenuation would change according to assumed PCB isolation.

PCB isolation of 65 and 70 dB are assumed(meaningful HF attenuation is 55 and 60 dB, respectively
In our understanding is that it would be possible for Band 3 duplexer can obtain attenuation of 30 dB against Band 42.  Thus, the required attenuation for HF is 25 and 30 dB, respectively. Note that if we assume to add notch filter to get 30 dB at the antenna port, additional 0.1 dB IL would be necessary.  

From two filter data, it would be the averaged IL of 0.6 dB for HF to obtain 30 dB attenuation for 2nd harmonic. Note that one vendor provides 0.55 dB IL and the other provides 0.65 dB.

· Observation 5: If we assume up to 60 dB total filter attenuation, additional 0.6 or 0.7 dB IL is necessary.

PCB isolation of 75 and 80 is assumed(meaningful HF attenuation is 65 and 70 dB, respectively.
One way is that we obtain attenuation of 40 dB by using notch filter for Band 3 duplexer. Then, 0.15 dB additional IL is necessary. With this, the total IL is 0.75 dB.

The other way is to make HF get more attenuation of 40 dB. Then, 0.75 dB IL is necessary. Thus, in total 0.75 or 0.85 dB IL is necessary.

· Observation 6: If we assume up to 70 dB total filter attenuation, additional 0.75 or 0.85 dB IL is necessary.

2.4. How to specify the requirements?

If we aim to make the region where reference sensitivity is degraded smaller, HF is necessary. How much the region becomes smaller mostly depends on PCB isolation. 

PCB isolation:75 or 80 dB
The composite levels for primary are -82.2 and -86.6 dBm, respectively.

With this input levels at LNA, if the leakage noise level for 2nd harmonic to the adjacent region is negligible, we can get the following requirements. Note that in addition to this Table, the impact of HF IL is incorporated intoΔTIB,c and ,cΔRIB,c for Band 3.

Table 2.4-1: Reference sensitivity with HF and PCB isolation is large.
	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-42A4, 5
	3
	
	
	TBD
	TBD
	TBD
	TBD
	FDD

	
	42
	
	
	-98.5
	-95.5
	-93.7
	-92.5
	TDD

	CA_3A-42C4, 6
	3
	
	
	TBD
	TBD
	TBD
	TBD
	FDD

	
	42
	
	
	-98.5
	-95.5
	-93.7
	-92.5
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 5:
The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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NOTE 6:
The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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PCB isolation:65 or 70 dB
The composite levels for primary are -72.4 and -77.4 dBm, respectively with HF.

With this input levels at LNA, if the leakage noise level for 2nd harmonic to the adjacent region cannot be negligible, we can get the following requirements. Note that in addition to this Table, the impact of HF IL is incorporated intoΔTIB,c and ,cΔRIB,c for Band 3. The difference of the Table 2.4-1 and Table 2.4-2 is the NOTE 7. It should be also noted that if we do not consider HF, then, the MSD would be larger even for the adjacent channels. This case is, however, no additional relaxation forΔTIB,c and ,cΔRIB,c for Band 3. 
Table 2.4-2: Reference sensitivity with HF but PCB isolation is small or without HF
	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-42A4, 5
	3
	
	
	TBD
	TBD
	TBD
	TBD
	FDD

	
	42
	
	
	-98.5
	-95.5
	-93.7
	-92.5
	TDD

	CA_3A-42C6, 7
	3
	
	
	TBD
	TBD
	TBD
	TBD
	FDD

	
	42
	
	
	-98.5
	-95.5
	-93.7
	-92.5
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 5:
The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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 the carrier frequency of the high band in MHz and 
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NOTE 6:
The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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NOTE 7:
The reference sensitivity is applicable to channel bandwidths with a given frequency offset of up to [5] MHz from the edges of the channel bandwidth of high band where NOTE 5 applies. “The reference sensitivity - TBD” dB is applicable to channel bandwidths with a given frequency offset of up to [10] MHz from the edges of the channel bandwidth of high band where NOTE 5 applies. Otherwise, Table 7.3.1-1 is applicable.


Note that the meaning of NOTE 7 is illustrated in Figure 2.4-1.
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Figure 2.4-1: MSD for the case that 2nd harmonic affects the region where it directly does not hit.
3. Conclusion
In this contribution, we discussed impact of PA 2nd harmonic, filter attenuation and PCB isolation on MSD. In addition, we provide how the requirements should be according to the assumed PCB isolations. As a result, we obtained the following observations.

· Observation 1: The main factors to determine the tendency of MSD value are the followings.

· PA linearity

· Total filter attenuation (including HF and Band 3 duplexer) 

· PCB isolation

· Observation 2: Required attenuation of total attenuation from filters to improve MSD depends on the PCB isolation and vice versa.
· Observation 3: Without HF, other spectrum regions where 2nd harmonic does not directly hit may have reference sensitivity degradation.

· Observation 4: If we aim to make the CA configuration more available with a good performance to many operators, the HF is necessary. Note that this means we need to accept some performance degradation of Band 3.

· Observation 5: If we assume up to 60 dB total filter attenuation, additional 0.6 or 0.7 dB IL is necessary.

· Observation 6: If we assume up to 70 dB total filter attenuation, additional 0.75 or 0.85 dB IL is necessary.

With respect to Observation 5 and 6, if we determine to introduce harmonic filter, the relaxation values should be as follows as proposed in [3]. The reason is that in the contribution, we did not include the Band 3 duplexer redesign so that the required attenuation for HF would be less than this in the future, we believe. In addition, PA would provide a few dB improvements in the future. 
· Proposal 1:  If a harmonic trap filter is introduced, the additional allowed relaxations are TIB = 0.6 dB and RIB = 0.2 dB to account for trap filter and diplexer.  

Finally, whether we should introduce HF or not depends on the relaxation values of TIB/RIB, assumed PCB isolation and characteristics of PA 2nd harmonic. Note that the PA characteristics mean that identifying how much noise leakage from the region where 2nd harmonic hits into adjacent region where no 2nd harmonic directly hits can be seen. Based on these parameters, we should determine if HF is necessary and appropriate requirements. 

· Proposal 2:  TIB/RIB for Band 3 and assumed PCB isolation and characteristics of PA 2nd harmonic should be discussed and fixed. Depending on the outcome, we determine if HF should be included or not.
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Annex: Impact of Filter attenuation and PCB isolation on MSD(Diversity)
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Figure 1-1: Impact of Filter attenuation and PCB isolation on MSD(Diversity)
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