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Introduction
MSD analysis of CA_2A-71A_1UL with B71 Rx 3rd order harmonic mixing was approved in 2DL/1UL TP in the RAN4#84-bis meeting [1]. The uplink configuration was missing in the TP, this contribution provides uplink configuration for it.
[1] R4-1710664 MSD analysis for 2DL CA_2A-71A with B71 Rx 3rd order harmonic mixing, RAN4#84-bis
<<< Start of TP for TR 36.715-02-01 >>>
<<<  Unchanged sections omitted  >>>
5.24.1.1.4.2
Band 71 MSD

The UE reference architecture used in this analysis is shown in Figure 5.24.1.1.4.2-1 where single antenna topology has been assumed between B2 and B71. Mid/Low band diplexers are put in both primary and diversity paths.
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Figure 5.24.1.1.4.2-1 Reference architecture for CA_2A-71A B71 Rx harmonic mixing MSD analysis

The B2 UL signal propagation path numbering as shown in Figure 2-1 is detailed as below:

1: UE transceiver B2 TX output to B71 primary RX LNA input

2: B2 PA output to B71 primary RX LNA input
3: B2 UL signal coupling due to TXM mid-band port to low-band port

4: Direct signal path from B2 UL to B71 primary-RX LNA input

5: UE transceiver B2 TX output to B71 diversity RX LNA input

6: B2 PA output to B71 diversity RX LNA input

7: Direct signal path from B2 UL to B71 diversity-RX LNA input

B71 duplexer RX 3rd harmonic rejection data from two component vendors are also shown in Figure 5.24.4.1.1.4.2-2. The RX 3rd harmonic rejection can vary from 23 to 42 dB. We propose 37 dB as the calculation assumption.
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Figure 5.24.4.1.1.4.2-2 B71 Duplexer RX 3rd harmonic rejection data
Considering that discrete front-end components are still widely used on phones, and that numerous bands/CAs with relatively dense component placement could introduce lots of coupling paths, we propose 67dB PCB isolation as B71 MSD calculation assumption. On the other hand, Thanks to the continual advancement in integrated circuit design, the transceiver’s low-band RX front-end 3rd order harmonic rejection can be improved to 30 dB.
Table 5.24.4.1.1.4.2-1 summarizes a set of typical receiver performance parameters for MSD analysis. Table 5.24.4.1.1.4.2-2 presents the link analysis to calculate the interference level in both main and diversity Rx paths as well as the combined REFSENS level based on uncorrelated MRC. Table 2-3 shows the MSD contribution percentage of each individual propagation path number.

	Parameter
	Value
	Unit

	Antenna isolation Primary <-> Diversity
	15
	dB

	TXM port isolation from B2 to B71
	35
	dB

	Diplexer isolation at B2
	25
	dB

	PCB isolation from B2 PA output to B71 RX LNA input
	67
	dB

	B71 DUP Ant to RX port rejection at 1850~1910MHz
	37
	dB

	B71 Diversity path SAW rejection at 1850 – 1910 MHz
	35
	dB

	LPF rejection at 1850 – 1910 MHz
	35
	dB

	B71 Primary RX front-end loss
	4
	dB

	B71 Diversity RX front-end loss
	3
	dB

	B71 Diversity path switch + PCB trace loss
	1
	dB

	Transceiver B2 TX port to B71 RX port isolation
	55
	dB

	RX 3rd order harmonic rejection
	30
	dB

	SNR requirement for QPSK
	-1
	dB


Table 5.24.4.1.1.4.2-1 Typical receiver performance parameters for MSD analysis

	Direct Signal Path

	Parameter
	Main
	Diversity
	 Unit

	Transceiver B2 output power
	0
	0
	dBm

	TX power at B2 PA output
	27
	27
	dBm

	B2 TX power at B2 DUP-ant port
	25
	25
	dBm

	B2 Tx power at antenna port
	23
	8
	dBm

	Path number 4 at B71 primary-RX LNA input (with LPF)
	-73
	NA
	dBm

	Path number 4 at B71 primary-RX LNA input (w/o LPF)
	-38
	NA
	dBm

	Path number 7 at B71 diversity-RX LNA input (with LPF)
	NA
	-88
	dBm

	Path number 7 at B71 diversity-RX LNA input (w/o LPF)
	NA
	-53
	dBm

	PCB Coupling Path

	Parameter
	Main
	Diversity
	 

	Path number 1 and 5 at LNA input
	-55
	-55
	dBm

	Path number 2 and 6 at LNA input
	-40
	-40
	dBm

	Path number 3 (with LPF) at LNA input
	-82
	NA
	dBm

	Path number 3 (w/o LPF) at LNA input
	-47
	NA
	dBm

	Combined

	Total interference power due to B2 TX at B71 LNA input (with LPF)
	-39.9
	-39.9
	dBm

	Total interference power due to B2 TX at B71 LNA input (w/o LPF)
	-35.5
	-39.7
	dBm

	Tx power after Rx mixing (referred to antenna, with LPF)
	-66.9
	-67.9
	dBm

	Tx power after Rx mixing (referred to antenna, w/o LPF)
	-62.5
	-67.7
	dBm

	Combined B71 REFSENS (with LPF)
	-70.4
	dBm

	Combined B71 REFSENS (w/o LPF)
	-68.8
	dBm


Table 5.24.4.1.1.4.2-2 Link analysis for REFSENS calculation
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Path 1D 1 2 3 4 Path 1D 1 2 3 4
PRX 3.06% 96.88% 0.01% 0.05% PRX 1.12% 3551% 7.09% 56.28%
Path 1D 5 6 7 Path 1D 5 6 7
DRX 3.07% 96.93% 0.00% DRX 292% 92.44% 4.63%





Table 5.24.4.1.1.4.2-3 MSD contribution percentage of each individual path due to B2 TX signal
Here are some observations from the MSD analysis:
Observation 1: PCB isolation (path number 2 and 6) is the dominant factor of B71 MSD level for both primary RX and diversity RX paths.

Observation 2: On primary path (path number 4), LPF on B71 UL/DL common path can also reduce its UL 3rd harmonic side lobe falling to high range of B2 RX. However, since the MSD of B71 TX 3rd harmonic side lobe falling to B2 RX high range is relative small, the LPF can be put on B71 RX path only to avoid degradation of B71 TX power due to LPF insertion loss.

Observation 3: On diversity path, (comparing path number 7 of with/without LPF tables) whether LPF exists or not does not affect MSD a lot on this path.

Observation 4: The worst bandwidth combination for RX 3rd order mixing of the CA combination will happen on Band 2 UL bandwidth at 5MHz, no matter what B71 DL bandwidth is.

Based on assumption of LPF on B71 primary-RX path only, B71 REFSENS exceptions in CA_2A-71A_1UL due to B71 Rx 3rd order harmonic mixing

Table 5.24.4.1.1.4.2-4 Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issue)
	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_2A-71A15,16
	2
	 
	 
	-98
	-95
	-93.2
	-92
	FDD

	
	71
	 
	 
	-70.4
	-70.4
	-70.4
	-70.4
	FDD

	NOTE 15: These requirements apply when there is at least one individual RE within the downlink transmission bandwidth of the victim (lower) band for which the 3rd harmonic is within the uplink transmission bandwidth or the uplink adjacent channel’s transmission bandwidth of an aggressor (higher) band.
NOTE 16: The requirements should be verified for UL EARFCN of the aggressor (higher) band (superscript HB) such that 
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Table 5.24.4.1.1.4.2-5 Uplink configuration for the low band (exceptions due to harmonic issue)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_2A-71A
	2
	
	
	25
	50
	50
	50
	FDD
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