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1 Introduction
This contribution provides the updated MSD analysis for CA_28A-40A. Besides the new 20MHz MSD is provided, the MSD not related to Rx LO H3 is also raised in this contribution. Finally a TP is provided for TR 36.852-13.

2 Discussion

2.1 Filter performance summary

The Band 28 dual duplexer and B40 band filter performance are surveyed and summarized as Table 1 and Table 2.

Table 1: B28 dual duplexer performance

	
	Tx attenuation @B40
	Rx attenuation @B40

	Component 1, block A
	28
	40

	Component 1, block B
	28
	26

	Component 2, block A
	28
	40

	Component 2, block B
	28
	40

	Component 3, block A
	28
	40

	Component3, block B
	25
	26

	Average
	27.5
	35.3

	Performance used in the analysis
	28
	35


Table 2: B40 filter performance

	
	Attenuation @B28 Tx/Rx

	Component 1
	30

	Component 2
	22

	Component 3
	30

	Component 4
	23

	Component 5
	23

	Average
	25.6

	Performance used in the analysis
	26


2.2 Rx LO H3 MSD for 28+40

For the Rx LO H3 MSD, there were analyses before [1] [2]. There were comments from one operator that the analysis in [2] should be calculated in antenna port. 20 MHz was added in the new WID, MSD analysis also needs to be updated. The following is the updated analysis results at the antenna port.

Table 3: 28+40 low band harmonic noise analysis for B28 Rx

	Parameters
	Primary
	Diversity

	
	Value
	Noise level (dBm)
	Value
	Noise level (dBm)

	B40 PA output power (dBm)
	29
	
	
	

	Front end loss (dB)
	6
	
	
	

	B40 output power@antenna port (dBm)
	23
	
	
	

	Antenna ISO (dB)
	
	23
	10
	13

	DIP attenuation dB)
	15
	8
	15
	-2

	B28 DUP/filter attenuation (dB)
	35
	-27
	30
	-32

	PCB ISO (dB)
	70
	-41
	70
	-41

	Composite B40 Tx Noise at LNA (dBm)
	
	-26.8
	
	-31.5

	RFIC H3 rejection (dBm）
	30
	-56.8
	30
	-61.5

	UE Noise figure assumption
	10.5
	
	10.5
	

	REFSENS noise assumption @ antenna port(dBm)
	
	-97.0
	
	-97.0

	Composite Noise at antenna port (dBm)
	
	-50.8
	
	-55.5


As the noise level is dominated by the PCB coupling noise, the noise between the primary and diversity path are correlated, but it’s a little difficult to estimate how much the final MSD should be corrected. So in this analysis, un-correlated MRC MSD is still used. The MSD analysis results for B40 Tx overlapping 3 x B28 Rx is as following.

Table 4: MSD analysis results for B40 Tx directly overlapping 3 x B28 Rx

	B28 CBW (MHz)
	Un-correlated MRC MSD (dB)

	5
	43.2

	10
	40.2

	15
	38.4

	20
	37.2


Table 5: MSD analysis results for B40 Tx 1st adjacent channel overlapping 3 x B28 Rx due to the leakage

	B28 CBW (MHz)
	Un-correlated MRC MSD (dB)

	5
	13.5

	10
	10.7

	15
	9.1

	20
	8.1


For the B40 Tx 1st adjacent channel overlapping 3 x B28 Rx scenario, the harmonic ACS is another concern. When the 1st adjacent channel is demodulated to B28 Rx, B40 Tx signal is also demodulated as adjacent channel interference. According to the single carrier ACS case 1 requirement, for 5 MHz CBW, when the interference is 45.5 dB larger than the REFSENS, the REFSENS will be degraded 14 dB. Based on the analysis in Table 1, the B40 Tx noise at B28 Rx LNA is about 38 dB larger than the REFSENS, then the REFSENS will be degraded more than 7 dB with rough estimation. But as the MSD in Table 3 is very large, the total MSD for 5 MHz CBW is ~14.5 dB.

For the B40 Tx 2nd adjacent channel overlapping 3 x B28 Rx, the impact will be smaller. There’s no ACLR requirement for E-UTRA 2nd adjacent channel, but some theory analysis could be done to reach a reasonable UE capability. As the PA IM3/IM5≈13dB, the ACLR2 could be assumed 13 dB better than ACLR1. Measurement was also arranged to validate this estimation and the results aligned with the theory very good. With the 43 dB ACLR2 assumption, the following is the MSD analysis results for B40 Tx 2nd adjacent channel overlapping 3 x B28 Rx.
Table 6: MSD analysis results for B40 Tx 2nd adjacent channel overlapping 3 x B28 Rx

	B28 CBW (MHz)
	Un-correlated MRC MSD (dB)

	5
	3.4

	10
	2.1

	15
	1.5

	20
	1.2


2.3 MSD problem besides Rx LO H3 MSD

When the scenario is not the Rx LO H3, the REFSENS performance is also checked, it’s found that because of the poor B28-B40 cross-band ISO, REFESENS degradation also happens. With the following assumptions,

Table 7: Analysis assumptions for 28+40

	PA spectrum regrowth Rx noise (dBm/Hz)
	-135

	RFIC IIP2 (dBm)
	45

	B40 FE Loss (dB)
	5.5

	B28 Tx FE Loss (dB)
	6

	B28 Rx FE Loss (dB)
	6

	B28 Duplexer Tx attenuation @ B40 (dB)
	28

	B28 Duplexer Rx attenuation @ B40 (dB)
	35

	B28 diversity path filter attenuation @ B40 (dB)
	30

	B40 band filter attenuation @ B28 Tx (dB)
	26

	B40 band filter attenuation @ B28 Rx (dB)
	26

	B28 Tx/Rx LO phase noise (dBc/Hz)
	-155

	B40 LO phase noise (dBc/Hz)
	-155

	Antenna ISO (dB)
	10

	Diplexer ISO @ B40 (dB)
	15

	Diplexer ISO @ B28 (dB)
	15


MSD analysis results (un-correlated MRC MSD formula is used) are shown in Table 8 and Table 9.

Table 8: B40 MSD when B28 is UL band

	CBW (MHz)
	5
	10
	15
	20

	B40 MSD (dB)
	4.9
	4.1
	3.8
	3.5


Table 9: B28 MSD when B40 is UL band
	CBW (MHz)
	5
	10
	15
	20

	B28 MSD (dB)
	1.7
	1.4
	1.2
	1.2


2.4 How to define the requirements

Based on the analysis in 2.2 and 2.3, two types of MSD may happen. For the Rx LO H3 MSD, when the Tx signal and the Tx 1st adjacent channel directly hitting Rx the MSD is very large. We suggest the requirement is not defined for these two scenarios if there’s no specific request from operators. For the Tx 2nd adjacent channel hitting Rx H3, with optimised B28 Rx attenuation at B40 and more matching effort, the MSD can be optimised to a smaller value. So the final MSD is close to the performance as in Table 8 and Table 9.

Proposal: For CA_28A-40A, the MSD for the case that B40 Tx or the 1st adjacent channel directly hits 3 x B28 Rx is not defined if there’s no specific request from operators, the MSD value for other scenarios are defined as in Table 8 and Table 9.

3 Conclusion
This contribution is an update of the analysis of CA_28A-40A. The following is the proposal on how to define the requirements.

Proposal: For CA_28A-40A, the MSD for the case that B40 Tx or the 1st adjacent channel directly hits 3 x B28 Rx is not defined if there’s no specific request from operators, the MSD value for other scenarios are defined as in Table 8 and Table 9.

A TP is provided in this contribution to finish the UE RF requirements for CA_28A-40A.
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7.2.11.1.4 REFSENS requirements
For the REFSENS of B28 and B40 for 1UL/2DL CA_28A-40A, the requirements are shown in Table 7.2.11.1.4-1 and Table 7.2.11.1.4-2 with the exceptions shown in Table 7.2.11.1.4-3.
Table 7.2.11.1.4-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	EUTRA CA Configuration
	EUTRA band
	Channel bandwidth
	Duplex mode
	Applicable active UL band

	
	
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	
	

	CA_28A-40A
	28
	
	
	-96.8
	-94.1
	-92.5
	-89.8
	FDD
	40

	
	40
	
	
	-100
	-97
	-95.2
	-94
	TDD
	

	CA_28A-40A
	28
	
	
	-98.5
	-95.5
	-93.7
	-91
	FDD
	28

	
	40
	
	
	-95.1
	-92.9
	-91.4
	-90.5
	TDD
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A of TS 36.101
NOTE 2:
Reference measurement channel is A.3.2 in TS 36.101 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 of TS 36.101
NOTE 3:
The signal power is specified per port

NOTE 4:
These requirements apply regardless of the channel bandwidth and the location of UL band.


Table 7.2.11.1.4-2: Uplink configuration for reference sensitivity
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	CA_28A-40A
	28
	
	
	25
	251
	251
	251
	FDD

	
	40
	
	
	25
	50
	75
	100
	TDD

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1 in TS 36.101).


For the REFSENS of B28 for CA_28A-40A, the exceptions are shown in Table 7.2.11.1.4-3.

Table 7.2.11.1.4-3: 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_28A-40A4
	28
	
	
	N/A
	N/A
	N/A
	N/A
	FDD

	
	40
	
	
	N/A
	N/A
	N/A
	N/A
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A in TS 36.101.
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:
No requirements apply for the case that there is at least one individual RE within the uplink transmission bandwidth of the relative higher band and when the frequency range of relative higher band’s uplink channel bandwidth or the relative higher band’s uplink 1st adjacent channel bandwidth is fully or partially overlapped with the 3 times of the frequency range of the relative lower band’s downlink channel bandwidth.


<End of Text Poposal>
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