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1. Introduction
In this document, we discuss implementing CA_n71-n85 on either FWA or smart phone form factors.
2. Discussion
In the last meeting, a WF [1] was approved with the following agenda described below:
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The following discussion will contain potential architecture for both FWA and smart phone form factors. So, 2 and 3 antenna architectures will be described. Coexistence requirement will be met for both cases, MSD will be calculated in both scenarios.

2.1. Architecture and Fractional BW
As noted in the WF, both 2 and 3 antenna options can be considered. 3 antenna option has the advantage of using legacy filters, which can mean quicker time to market for implementation and better radiated performance for the antenna. The increased number of antennas at LB would necessitate larger UE form factor to keep antenna efficiency loss low, so FWA devices would benefit. On the other hand, OEMs have been quite vocal in recent RAN4 meetings stating that it is achievable to implement in some smart phones, since the argument could be made that the antenna can be tuned for either band in single UL only operation. Lastly, there is a challenge of a n71->n29 UE coexistence requirement. No protection for n85->n29 is required. So, with this background in mind, it is desired to derive requirements for both 2 and 3 antenna options. 
Table 2.1-1 shows the architecture options for this band combination using 2 and 3 antennas. Table 2.1-1 shows the fractional BW at each antenna showing that the primary antenna (serving TX and pairing RX) for each band has the best performance for the 3-antenna solution if no antenna tuning was available. 

The 3-antenna architecture is comprised of a n71 duplexer on a main antenna 1, n85 duplexer on a main antenna 2, and a RX diplexer on the secondary antenna 3. Having legacy n71 filter on a single antenna ensures the n71->n29 UE-UE coexistence requirement can be met. See Figure 2.1-1a.

The 2-antenna architecture is comprised of a n71RX_n71TX/n85TX_n85RX triplexer on antenna 1 with the middle band of the triplexer optimized/tuned for n71TX, and a n71RX_n71TX/n85TX_n85RX triplexer on antenna2 with the middle band of the triplexer optimized/tuned for n85TX. The tuning for each TX band on each antenna is crucial to meet the n71->n29 UE-UE coexistence requirement for the 2-antenna option. See Figure 2.1-1b.
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Table 2.1-1: % Fractional Bandwidth (FBW) at each antenna for 2 and 3 antenna architecture 
[image: image3.png]71 Duplexer on Antenna 1 when n71is UL

FWA Option

85 Duplexer on Antenna 2 when ngs is UL

Diplexer 2 on Antenna 3 when n71 o 85 s UL




Figure 2.1-1a: Assumed 3 antenna Architecture. Single n71 duplexer on antenna 1 protects n29 RX  
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Figure 2.1-1b: Assumed 2 antenna Architecture with each triplexer on each antenna tuned for its TX operation. Tuned triplexer on antenna 1 protects n29 RX from n71 TX.
2.2. MSD analysis

2.2.1. Simulation/Measurement Assumptions

The critical filtering assumptions for the CA combination for the 2-antenna case are shown in table below:
	Attenuation and Isolation Parameter
	Value (dB)
	Comment

	Antenna ISO
	10
	Main antenna to diversity antenna

	Band n71 Tx – Rx rejection at n85 Rx
	40
	Triplexer 1 (Cross-band isolation); n71->n85 case

	Band n71 Ant – Tx rejection at n85 Rx
	40
	Triplexer 1 (Ant – Tx response); n71->n85 case

	Band n85 Tx – Rx rejection at n71 Tx
	45
	Triplexer 1 (Cross-band isolation); n71->n85 case

	Band n85 Ant – Rx rejection at n71 Tx
	45
	Triplexer 2 (Ant – Rx response); n71->n85 case

	Band n85 Tx – Rx rejection at n71 Rx
	25
	Triplexer 2 (Cross-band isolation); n85->n71 case

	Band n85 Ant – Tx rejection at n71 Rx
	25
	Triplexer2 (Ant – Tx response); n85->n71 case

	Band n71 Tx – Rx rejection at n85 Tx
	35
	Triplexer2 (Cross-band isolation); n85->n71 case

	Band n71 Ant – Rx rejection at n85 Tx
	35
	Triplexer 1 (Ant – Rx response); n85->n71 case


Table 2.2-1: Critical filter rejection values for Triplexer 1 and 2 for the 2-antenna MSD analysis

The critical filtering assumptions for the CA combination for the 3-antenna case are shown in table below:

	Attenuation and Isolation Parameter
	Value (dB)
	Comment

	Antenna ISO
	10
	Main antenna to diversity antenna

	Band n71 Tx – Ant rejection at n85 Rx
	40
	n71 Duplexer; n71->n85 case

	Band n85 Ant – Rx rejection at n71 Tx
	45
	n85 Duplexer; n71->n85 case

	Band n85 Ant – Rx rejection at n71 Tx
	45
	n71-n85 Diplexer; n71->n85 case

	Band n85 Tx – Ant rejection at n71 Rx
	25
	n85 Duplexer; n85->n71 case

	Band n71 Ant – Rx rejection at n85 Tx
	35
	n71 Duplexer; n85->n71 case

	Band n71 Ant – Rx rejection at n85 Tx
	35
	n71-n85 Diplexer; n85->n71 case


Table 2.2-1: Critical filter rejection values for Duplexer(s) on diplexer for the 3-antenna MSD analysis
The critical measurement and simulation scenario is as follows:

	Attenuation and Isolation Parameter
	Value 
	Comment

	LO Leakage, dBc
	-60
	Main antenna to diversity antenna

	Image, dBc
	-28
	

	CIM3, dBc
	-60
	

	CIM5, dBc
	-70
	

	PA Calibration for MPR1
	-30
	ACLR (dBc)

	RX, IIP2, dBm
	54
	

	LCRB
	20
	RBs located closest to DL


For CA_n71-n85 n71 TX-> n85 RX MSD analysis, it should be noted that the maximum UL BW considered for n71 is 20MHz. The UL RB map is 20RBs with RB start = 86.

For CA_n71-n85 n85 TX-> n71 RX MSD analysis, it should be noted that the maximum UL BW considered for n85 is 15MHz. The UL RB map is 20RBs with RB start = 0.

2.2.2.  Cross-band Interference Source

For n85 TX -> n71 RX, there is no CIM5, so cross-band interference source is > ACLR2 and TX RXBN and filtering determines if MSD is required.

For n71 TX -> n85 RX, there is CIM5, so cross-band interference source is ACLR2.

Regardless of antenna architecture, the main observation for this combination, as with the legacy DC_12_n71, is that the composite 5th order distortion (5th order BB + the IMD of CIM3 and the TX signal) that comes into play. The bands are far enough away from each other to avoid the 3rd order IMD3 of TX and its image. The amount of overlapping 5th order product is constant Vs RX BW as shown in the figure 2.2-2 below without the effect of the TX OOB RXBN. 


[image: image5]
Figure 2.2-2: Overlapping composite 5th order distortion for 5,10, and 15MHz RX channel BWs.
2.2.3.  MSD Calculation and Specification

MSD was evaluated for 4 cases: 

· Case 1: n71 TX -> n85 RX using 2 antennas,

· Case 2: n71 TX -> n85 RX using 3 antennas, 

· Case 3: n85 TX -> n71 RX using 2 antennas
· Case 4: n85 TX -> n71 RX using 3 antennas
MSD analysis for the 2 antenna and 3 antenna architectures are summarized in Tables 2.2-2-1/2/3/4.
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Main Diversity Main Diversity Main Diversity

RX Alloc BW 4.5 4.5 9.36 9.36 14.22 14.22

Ant 0 -10 0 -10 0 -10

71TX_85RX_iso_RX_dB -40 -40 -40 -40 -40 -40

71TX_85RX_iso_TX_dB -45 -45 -45 -45 -45 -45

IMD_Emission_dBm -76.9 -90.9 -77.0 -91.0 -76.9 -90.9

TX_IM2, dBm -92 -124 -92 -124 -92 -124

Tx_noise, dBm/BW -86.5 -104.5 -80.3 -98.3 -76.5 -94.5

TX_total, dBm/BW -76.3 -90.7 -75.2 -90.3 -73.6 -89.3

Themal (from NF), dB -93.0 -93.0 -89.8 -89.8 -80.0 -80.0

Composite, dBm/BW -76.2 -88.7 -75.1 -87.0 -72.7 -79.5

MRC REFSENS

MSD

3GPP REFSENS

-87.1

-93.8

20+5 20+10 20+15

-88.6

8.4

-97

3.5 6.7

-84

-80.5


Table 2.2.2-1: MSD analysis for n71 TX -> n85 RX for 2 antenna option
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Main Diversity Main Diversity Main Diversity

RX Alloc BW 4.5 4.5 9.36 9.36 14.22 14.22

Ant -10 -10 -10 -10 -10 -10

71TX_85RX_iso_RX_dB -40 -40 -40 -40 -40 -40

71TX_85RX_iso_TX_dB -45 -45 -45 -45 -45 -45

IMD_Emission_dBm -90.9 -90.9 -91.0 -91.0 -90.9 -90.9

TX_IM2, dBm -124 -124 -124 -124 -124 -124

Tx_noise, dBm/BW -104.5 -104.5 -98.3 -98.3 -94.5 -94.5

TX_total, dBm/BW -90.7 -90.7 -90.3 -90.3 -89.3 -89.3

Themal (from NF), dB -93.0 -93.0 -89.8 -89.8 -80.0 -80.0

Composite, dBm/BW -88.7 -88.7 -87.0 -87.0 -79.5 -79.5

MRC REFSENS

MSD

3GPP REFSENS

6.4 4.5 0.9

-97 -93.8 -84

20+5 20+10 20+15

-90.6 -89.3 -83.1


Table 2.2.2-2: MSD analysis for n71 TX -> n85 RX for 3 antenna option
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Main Diversity Main Diversity Main Diversity Main Diversity Main Diversity Main Diversity Main Diversity

RX Alloc BW 4.5 4.5 9.36 9.36 14.22 14.22 19.08 19.08 23.94 23.94 28.8 28.8 33.84 33.84

Ant 0 -10 0 -10 0 -10 0 -10 0 -10 0 -10 0 -10

71TX_85RX_iso_RX_dB -25 -25 -25 -25 -25 -25 -25 -25 -25 -25 -25 -25 -25 -25

71TX_85RX_iso_TX_dB -35 -35 -35 -35 -35 -35 -35 -35 -35 -35 -35 -35 -35 -35

IMD_Emission_dBm -991.0 -1005.0 -991.0 -1005.0 -991.0 -1004.99 -991.0 -1004.99 -991.0 -1004.99 -991.0 -1004.99 -991.0 -1004.99

TX_IM2, dBm -72 -104 -72 -104 -72 -104 -72 -104 -72 -104 -72 -104 -72 -104

Tx_noise, dBm/BW -81.5 -99.5 -78.3 -96.3 -76.5 -94.5 -75.2 -93.2 -74.2 -92.2 -73.4 -91.4 -72.7 -90.7

TX_total, dBm/BW -71.5 -98.2 -71.1 -95.6 -70.7 -94.0 -70.3 -92.8 -70.0 -91.9 -69.6 -91.2 -69.3 -90.5

Themal (from NF), dB -93.2 -93.2 -90.0 -90.0 -87.6 -87.6 -82.0 -82.0 -80.1 -80.1 -78.5 -78.5 -76.7 -76.7

Composite, dBm/BW -71.5 -92.0 -71.0 -88.9 -70.6 -86.7 -70.0 -81.7 -69.6 -79.8 -69.1 -78.3 -68.6 -76.5

MRC REFSENS

MSD

3GPP REFSENS

15+35

-77.7

3.0

-80.7

15+30

-79.2

3.3

-82.5

15+20

-82.4

3.6

-86

15+25

-80.7

3.4

-84.1

4.5 4.5 4.3

-97.2 -94 -91.6

15+5 15+10 15+15

-92.7 -89.5 -87.3


Table 2.2.2-1: MSD analysis for n85 TX -> n71 RX for 2 antenna option showing large IM2 on one antenna
Observation 1: 2-antenna case for n85 UL has very large TX IM2 making only 1 of the 2 antennas useful, unless filter performance is improved
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Main Diversity Main Diversity Main Diversity Main Diversity Main Diversity Main Diversity Main Diversity

RX Alloc BW 4.5 4.5 9.36 9.36 14.22 14.22 19.08 19.08 23.94 23.94 28.8 28.8 33.84 33.84

Ant -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10

71TX_85RX_iso_RX_dB -25 -25 -25 -25 -25 -25 -25 -25 -25 -25 -25 -25 -25 -25

71TX_85RX_iso_TX_dB -35 -35 -35 -35 -35 -35 -35 -35 -35 -35 -35 -35 -35 -35

IMD_Emission_dBm -1005.0 -1005.0 -1005.0 -1005.0 -1005.0 -1004.99 -1005.0 -1004.99 -1005.0 -1004.99 -1005.0 -1004.99 -1005.0 -1004.99

TX_IM2, dBm -104 -104 -104 -104 -104 -104 -104 -104 -104 -104 -104 -104 -104 -104

Tx_noise, dBm/BW -99.5 -99.5 -96.3 -96.3 -94.5 -94.5 -93.2 -93.2 -92.2 -92.2 -91.4 -91.4 -90.7 -90.7

TX_total, dBm/BW -98.2 -98.2 -95.6 -95.6 -94.0 -94.0 -92.8 -92.8 -91.9 -91.9 -91.2 -91.2 -90.5 -90.5

Themal (from NF), dB -93.2 -93.2 -90.0 -90.0 -87.6 -87.6 -82.0 -82.0 -80.1 -80.1 -78.5 -78.5 -76.7 -76.7

Composite, dBm/BW -92.0 -92.0 -88.9 -88.9 -86.7 -86.7 -81.7 -81.7 -79.8 -79.8 -78.3 -78.3 -76.5 -76.5

MRC REFSENS

MSD

3GPP REFSENS

-80.7 -86 -84.1 -82.5

15+35

-80.4

0.3

-85.3 -83.6 -82.1

0.7 0.5 0.4

15+20 15+25 15+30

2.1 1.9 1.6

-97.2 -94 -91.6

15+5 15+10 15+15

-95.1 -92.1 -90.0


Table 2.2.2-2: MSD analysis for n85 TX -> n71 RX for 3 antenna option

For the specification, we conclude the following:
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band

Interference

source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n71
	n85
	688
	20
	15
	20 (RBstart=86)
	730.5
	5
	8.5
	ACLR2

	n85
	n71
	705.5
	15
	15
	20 (RBstart=0)
	649.5
	5
	4.5
	> ACLR2


Table 2.2.3-3: Cross-band noise MSD

Proposal 1: Use the 2-antenna MSD values as shown in Table 2.2.3-3
3. Conclusion
Observation 1: 2-antenna case for n85 UL has very large TX IM2 making only 1 of the 2 antennas useful, unless filter performance is improved

	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band

Interference

source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n71
	n85
	688
	20
	15
	20 (RBstart=86)
	730.5
	5
	8.5
	ACLR2

	n85
	n71
	705.5
	20
	15
	20 (RBstart=0)
	649.5
	5
	4.5
	> ACLR2


Table 2.2.3-3: Cross-band noise MSD

Proposal 1: Use the 2-antenna MSD values as shown in Table 2.2.3-3
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4. Appendix
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= Issue 1-1: 1UL CA_n71-085 architecture and requirement

Agreement

« Dualtriplexer approach can be used as a start with UL on each antenna
« n20 band protection level needs to be clarified as follows
~ When the uplink is 71, the protection level of 220 is -38 dBm/MHz
~ When the uplink is nS5 there is no protection for 29
« 3 antennas not preciuded
« Companies encouraged to bring proposals for MSD for UL a1 into DL n85, and UL n85 into
DLaTl
« Companies encouraged to check poteatial MSD for non-CA n71 and n85 REFSENS
~ This is because in case of triplexer the IL and isolations may be degraded compared to
single band solations



