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Introduction
In RAN4#104bis-e meeting, a WF [1] was approved with the following outcomes. 
Agreement:
· Use 3 antenna UE architecture as the baseline for evaluation.
· Do not preclude 2 and 4 antennas in the study item
Way forward:
· Assuming it is the worst case, analysis is prioritized for 3 antenna architecture based on: 
· n28UL/n20+n28DL/n20UL triplexer on antenna 1
· n8UL/n8DL duplexer on antenna 2
· n20+n28DL/n8DL duplexer on antenna 3
· For comparison purpose, analysis of alternate two or three antenna solutions are not precluded, and if a worse case is found it can be discussed whether it should be used for the MSD feasibility.
· 10db antenna isolation is used for MSD calculations
· The normal Tx/Rx 50dB isolation is used between UL and DL of the same FDD bands for duplexer/triplexer/quadplexer. If higher insertion loss is needed to meet the 50dB it can be accounted in DeltaT/R
· For different FDD bands within triplexer/quadplexer companies are encouraged to provide feasible isolation between ULs and DLs
· For diversity path, the DL filter provide at least 40dB of Rejection of the UL of the same band and companies are encouraged to provide feasible rejection for UL of other bands.
· Companies are encouraged to provide input on the feasibility of such values

Observations:
· All single band MSDs should already be covered
· IMD3 MSD of DC_20_n8A in n20 and n8 is already specified and can be reused for CA_n8-n20
· All 2 band cases are already specified
· Only MSD to third band needs to be analysed
· IMD3 of CA_n20-n8 UL in n28 DL
· IMD3 of CA_n20-n28 UL in n8 DL

Way forward on IMD3 of CA_n20-n8 UL in n28 DL:
· 5MHz n8 UL at 887.5MHz with 25RB0
· 5MHz n20 UL at 834.5MHz with 25RB0
· 5MHz n28 DL at 781.5MHz
· IMD3 MSD is evaluated by calculation, simulation, or measurement

Way forward on	IMD3 of CA_n20-n28 UL in n8 DL:
· 5MHz n20 UL at 834.5MHz with 25RB0
· 5MHz n20 UL at 715.5MHz with 25RB0
· 5MHz n8 DL at 952.5MHz
· IMD3 MSD is evaluated by calculation, simulation, or measurement

In this paper, we provide the following text proposals to capture the corresponding agreements and technical analysis into TR.
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Text proposal
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]<<Start of Change for TR 38.872>>
[bookmark: _Toc117256655]5.3	CA_n8-n20-n28
[bookmark: _Toc117256656][bookmark: _GoBack]5.3.1	UE RF architecture assumption
5.3.1.0	General
The following UE RF architectures with 2 antenna, 3 antenna, 4 antenna can be assumed to analyze and study for CA_n8-n20-n28.
2 antenna, 3 antenna, 4 antenna. The antenna number is the total number of antennas to support Main UL/DL and diversity DL for all bands. UE RF architecture with three antennas for CA_n8-n20-n28 is used as baseline for evaluation. The UE RF architectures with two or four antennas are not precluded in the study item.
5.3.1.1	UE RF architecture with three antennas
The assumption 1A for UE RF architecture with three antennas for CA_n8-n20-n28 are shown as below.
			1) n28UL/n20+n28DL/n20UL triplexer on antenna 1
			2) n8UL/n8DL duplexer on antenna 2
			3) n20+n28DL/n8DL duplexer on antenna 3
			4) 10dB antenna isolation is used for MSD calculations
The assumption 1B for UE RF architecture with three antennas for CA_n8-n20-n28 are shown as below. Comparing to assumption 1a, n8UL/n8DL duplexer on antenna 2 was replaced by n8UL/n8DL/n20UL/n20DL quadplexer.
			1) n28UL/n20+n28DL/n20UL triplexer on antenna 1
			2) n8UL/n8DL/n20UL/n20DL quadplexer on antenna 2
			3) n20+n28DL/n8DL duplexer on antenna 3
			4) 10dB antenna isolation is used for MSD calculations
The assumption 1C for UE RF architecture with three antennas for CA_n8-n20-n28 are shown as Figure 5.3.1.1-1. These are two other variants based on assumption 1a. They may allow easier implementation of either triplexer or duplexer in main path owing to that the frequency separations between the sub-bands are wider than the architecture assumed for DC_8-20_n28. However, the downside with two variants is that the widest frequency range which needs to be covered by any of the antenna is still relatively wide at 212 MHz and 257 MHz respectively.
[image: ]
Figure 5.3.1.1-1 Potential UE architecture variants to support CA_n8-n20-n28 with 3 antenna
5.3.1.2	UE RF architecture with two antennas
The assumption 2A for UE RF architecture with two antennas for CA_n8-n20-n28 are shown as below. Pentaplexer design is considered.
			1) n28UL/n20+n28DL/n20UL/n8UL/n8DL pentaplexer on antenna 1
			2) n20+n28DL/n8DL duplexer on antenna 2
			3) 10dB antenna isolation is used for MSD calculations
The assumption 2B for UE RF architecture with two antennas for CA_n8-n20-n28 are shown as below. Quadplexer design is considered.
			1) n28UL/n20+n28DL/n20UL/n8DL quadplexer on antenna 1
			2) n20+n28DL/n8UL/n8DL triplexer or n20+n28DL/n20UL/n8UL/n8DL quadplexer on antenna 2
			3) 10dB antenna isolation is used for MSD calculations
There are two potential implementation challenges with 2-antenna architectures. The first challenge is that the antenna design needs to cover the entire spectrum range of 257 MHz simultaneously as shown in Figure 5.3.1-1 for either of the variants, which is equivalent to a 31% bandwidth ratio and that would far exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination is expected to be compromised.
The second challenge is on the feasibility of a pentaplexer design for variant (a) to aggregate five closely spaced spectrum ranges as shown in Figure 5.3.1-1, not only with sufficient filter isolation between self-band and cross-band but also with acceptable insertion loss. The variant (b) though avoids the use of pentaplexer, the design of the intended quadplexer is still relatively challenging considering the closely spaced spectrum ranges with nearly 8% bandwidth ratio for the n20/n28 combined DL range.
5.3.1.3	UE RF architecture with four antennas
The assumption 3A and 3B for UE RF architecture with four antennas for CA_n8-n20-n28 are shown as below.
[image: ]
Figure 5.3.1.3-1 The assumption 3A for UE RF architecture to support CA_n8-n20-n28 with 4 antenna


Figure 5.3.1.3-2 The assumption 3B for UE RF architecture to support CA_n8-n20-n28 with 4 antenna
For the 4-antenna implementation, the three of the four antenna are used in the main path to aggregate the n8, n20, and n28 signals over the air, as shown in Figures 5.3.1.3-1 and 5.3.1.3-2. As n8, n20, and n28 signals do not need to be combined through a multiplexer, there is no additional insertion loss in n8, n20, and n28 main signal paths as compared to single-band implementation.
Having 3 antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the 3 antenna as compared to single-antenna implementation. However, the additional antenna cannot be added without occupying more phone space.

<<Next of Change>>
[bookmark: _Toc117256666]5.3.2.8	REFSENS requirements evaluation for UL inter-band CA
IMD3 MSD of DC_20_n8A in band 20 and n8 specified in TS 38.101-3 is a good reference for CA_n8-n20 as beloFFS
Table 5.3.2.8-1: REFSENS exceptions due to IMD interference for CA_n8-n20
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n8-n20
	n8
	892.5
	5
	25
	937.5
	25
	FDD
	IMD3

	
	n20
	849.5
	5
	25
	808.5
	25
	FDD
	IMD3




<<Next of Change>>
[bookmark: _Toc109046460][bookmark: _Toc117256684]5.3.5.5	REFSENS requirementsevaluation
TBD.The MSD test configurations can be evaluated as below for band n8 MSD due to IMD3 of Tx band n20 + band n28 and band n28 MSD due to IMD3 of Tx band n8 + band n20.
Table 5.3.5.5-1: REFSENS exceptions due to IMD interference for CA_n8-n20-n28
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n8-n20-n28
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	715.5
	5
	25
	770.5
	N/A
	FDD
	N/A

	
	n8
	908.5
	5
	25
	953.5
	TBD
	FDD
	IMD3

	
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	726.5
	5
	25
	781.5
	TBD
	FDD
	IMD3



<<End of Change>>
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