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Introduction
In the RAN#101 meeting, a revised WID [1] was approved to include more sub-1GHz band combinations, i.e. CA_n26(2A) and CA_n5A-n28A-n105A. As it is the first UL intra-band non-contiguous CA in FDD band that will be discussed in RAN4 for UL CA_n26(2A). The NR CA configurations are copied as below.

	
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n5A-n8A
	-
	n5
	5, 10
	0

	
	
	n8
	5, 10
	

	CA_n5A-n28A
	CA_n5A-n28A
	n5
	5, 10, 15, 20
	0

	
	
	n28
	5, 10, 15, 20, 30
	

	CA_n8A-n20A-n28A
	CA_n8A-n20A
CA_n8A-n28A
CA_n20A-n28A
	n8
	5, 10, 15, 20
	0

	
	
	n20
	[bookmark: OLE_LINK5]5, 10, 15, 20
	

	
	
	n28
	5, 10, 15, 20
	

	CA_n5A-n105A
	CA_n5A-n105A
	n5
	5, 10, 15, 20
	0

	
	
	n105
	5, 10, 15, 20, 25, 30, 35
	

	CA_n28A-n105A
	-
	n28
	5, 10, 15, 20, 25, 30
	0

	
	
	n105
	5, 10, 15, 20, 25, 30, 35
	

	CA_n26A-n28A
	CA_n26A-n28A
	n26
	5, 10, 15, 20, 25, 30
	0

	
	
	n28
	5, 10, 15, 20, 25, 30
	

	CA_n5A-n28A-n105A
	CA_n5A-n105A
CA_n5A-n28A
	n5
	5, 10, 15, 20
	0

	
	
	n28
	5, 10, 15, 20, 25, 30
	

	
	
	n105
	5, 10, 15, 20, 25, 30, 35
	

	CA_n26(2A)
	CA_n26(2A)
	n26
	5, 10, 15
	0






The demands are from Telstra and the spectrum holding in band n5 and additional n26 is shown below.

[image: cid:image001.png@01D9DF47.5FEAB670]
figure 1 spectrum holding in band n5 and additional n26 from operator

In RAN4#108bis meeting, a WF [2] for CA_n26(2A) has been approved with the following agreements.

	Issue 1-1:  Baseline RF architecture
· Assume dual PA architecture only.

Issue 1-2: Current MPR applicability for UL CA_n26(2A)
· Current 2PA MPR requirements can apply for UL CA_n26(2A)

Issue 1-3: NS_12/ 13/ 14/ 15, NS_100 applicability for UL CA_n26(2A)
· The following idea is the guideline for the discussion in next meeting.
· Define the CA NC NS_12/13/14/15/100 with relaxed values for AMPR
UE is allowed to apply any backoff to meet emission requirements
Issue 1-4: Coexistence requirements with neighboring bands
· Companies are encouraged to study how to meet this requirement for UL NC CA.
· Max Channel BW per CC for this BCS is 15MHz

Issue 1-5: MSD test points and value
· The general approach/framework for 2UL/2DL FDD NC CA MSD will be discussed.
· The format in the following table can be considered as a starting point.
	CA configuration
	PCC/SCC Bandwidth
(MHz)
	PCC UL Fc (MHz)
	SCC UL Fc (MHz)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC DL Fc (MHz)
	SCC DL Fc (MHz)
	PCC ΔRIBC (dB)
	SCC ΔRIBC (dB)
	Duplex mode

	CA_n26(2A)
	5/5
	816.5 
	839
	12 (RBSTART = [0])
	12(RBSTART = [3])
	861.5 
	884
	TBD
	TBD
	FDD


· The following principles can be considered and further discussed for the MSD requirement.
· Channel allocation is 5MHz+5MHz
· 15kHz SCS
· Total of equally distributed RB is equivalent to the 10MHz UL configuration
· PCC DL channel overlaps with the lowest order IMD product of the two CCs
· RB start of each CC can be adjusted to better center the IMD product.





We have agreed to assume dual PA architecture only. In this paper, we’d like to analyze the remaining RF requirements for UL CA_n26(2A).

Discussion on MPR and AMPR requirements for UL CA_n26(2A)
Since no operators are interested in non-contiguous CA NS_12/ 13/ 14/ 15/NS_100 for UL CA_n26(2A), RAN4 has agreed to allow UE to apply any backoff to meet therse additional requirements. However, the minimum output power is -40dBm. Thus, the maximum output power reduction is 60dB for PC3 UL intra-band non-contiguous CA.
Proposal 1: To specify 60dB AMPR for UL CA_n26(2A) to meet additional requirements below.
Table 6.2A.3.1.2-1: Additional Maximum Power Reduction (A-MPR) for intra-band non-contiguous CA
	CA Network Signalling value
	Requirements (clause)
	Uplink CA Configuration
	A-MPR for sub-blocks in order of increasing uplink carrier frequency

	
	
	
	A-MPR [dB]
(clause)

	CA_NC_NS_01
	6.5A.2.2.2
6.5A.3.2.2
	All applicaple NR CA configurations
	N/A

	CA_NC_NS_04
	6.5A.2.3.2.1
6.5A.3.3.2.1
	CA_n41(2A)
	6.2A.3.1.2.1

	CA_NC_NS_12
	6.5A.3.3.2.2
	CA_n26(2A)
	60 dB

	CA_NC_NS_13
	6.5A.3.3.2.3
	CA_n26(2A)
	60 dB

	CA_NC_NS_14
	6.5A.3.3.2.4
	CA_n26(2A)
	60 dB

	CA_NC_NS_15
	6.5A.3.3.2.5
	CA_n26(2A)
	60 dB

	CA_NC_NS_55,
CA_NC_NS_57 
	See
CA_NC_NS_01
	CA_n77(2A)
	See
CA_NC_NS_01

	CA_NC_NS_100
	6.5A.2.4.2.2
	CA_n26(2A)
	60 dB



Discussion on MSD requirements for UL CA_n26(2A)
In last RAN4 meeting, the format in the following table can be considered for UL CA_n26(2A)as a starting point.
	CA configuration
	PCC/SCC Bandwidth
(MHz)
	PCC UL Fc (MHz)
	SCC UL Fc (MHz)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC DL Fc (MHz)
	SCC DL Fc (MHz)
	PCC ΔRIBC (dB)
	SCC ΔRIBC (dB)
	Duplex mode

	CA_n26(2A)
	5/5
	816.5 
	839
	12 (RBSTART = [0])
	12(RBSTART = [3])
	861.5 
	884
	TBD
	TBD
	FDD



Based on the assumed spectrum allocation, it’s observed that IMD3 and IMD5 will hit the DL PCC and SCC carriers respectively as below.
[image: ]
figure 2 MSD test configuration
Based on the agreement in last meeting, only dual PA architecture will be considered for UL CA_n26(2A) in Rel-18. Thus, we have the following RF architecture to evaluate the MSD for UL CA_n26(2A).
[image: ]
figure 3 RF architecture for UL CA_n26(2A)
After analysis, the IMD3 generated by PA reverse mixing will dominate the MSD level. Thus, the following link budget is provided to evaluate MSD for UL CA_n26(2A).
Table 1 MSD analysis for UL CA_n26(2A)
	
	Parameters
	Main path (UL PCC)
	Interference from SCC
	Interference from PCC
	diversity path (UL SCC)

	Output power at antenna connector (dBm)
	
	20
	10
	10
	20

	Antenna isolation (dB)
	10
	
	
	
	

	diplexer insertion loss (dB)
	0.5
	
	
	
	

	Switch insertion loss (dB)
	1
	
	
	
	

	Duplexer insertion loss (dB)
	2
	
	
	
	

	level at PA output port (dBm)
	
	23.5
	6.5
	6.5
	23.5

	PA reverse mixing OIP (dBm)
	28
	
	
	
	

	duplexer isolation (dB)
	55
	
	
	
	

	IMD3 interference (dBm) at Rx ant port (Some impacts on PCC)
	
	-71
	
	-54
	

	IMD5 interference (dBm) at Rx ant port (Some impacts on SCC)
	
	-97
	
	-80
	

	
	
	
	
	
	

	
	
	
	
	
	

	noise figure dB
	11.5
	
	
	
	

	Thermal noise at RX ant port(dBm/Hz)
	-162.5
	
	
	
	

	Rx band n28 BW(MHz, NRB)
	4.5
	
	
	
	

	Thermal noise, dBm
	
	-95.967875
	
	-95.967875
	

	
	
	
	
	
	

	Total interference(IMD3 + Thermal) in PCC (dBm) at ant port
	
	-70.986186
	
	-53.999724
	

	Total interference(IMD5 + Thermal) in SCC (dBm) at ant port
	
	-93.443048
	
	-79.891468
	

	SNR requirement for QPSK
	-1
	
	
	
	

	REFSENSE in PCC (dBm) at ant port
	
	-71.986186
	
	-54.999724
	

	REFSENSE in SCC (dBm) at ant port
	
	-94.443048
	
	-80.891468
	

	Implementation Margin, dB
	2.5
	
	
	
	

	combined REFSENS in PCC (5MHz BW), dBm
	
	-69.572252
	
	
	

	combined REFSENS in SCC (5MHz BW), dBm
	
	-92.130639
	
	
	

	MSD in PCC (5MHz BW), dB
	
	27.927748
	
	
	

	MSD in SCC (5MHz BW), dB
	
	5.3693605
	
	
	

	
	
	
	
	
	

	REFSENS in TS38.101 for n26 (15kHz, 5MHz)
	-97.5
	
	
	
	



Proposal 2: to specify the following MSD levels for UL CA_n26(2A) and improve the MSD table format.
	CA configuration
	PCC/SCC 
(SCS, BW)
	PCC/SCC UL Fc (MHz)
	UL PCC/SCC allocation
(LCRB)
	PCC/SCC DL Fc (MHz)
	PCC ΔRIBNC (dB)
	SCC ΔRIBNC (dB)
	Duplex mode

	CA_n26(2A)
	(15kHz, 5MHz)/ (15kHz, 5MHz)
	816.5 / 839
	12 (RBSTART = 0) / 12 (RBSTART = 3)
	861.5 / 884
	27.9
	5.4
	FDD



Summary
Proposal 1: To specify 60dB AMPR for UL CA_n26(2A) to meet additional requirements below.
Table 6.2A.3.1.2-1: Additional Maximum Power Reduction (A-MPR) for intra-band non-contiguous CA
	CA Network Signalling value
	Requirements (clause)
	Uplink CA Configuration
	A-MPR for sub-blocks in order of increasing uplink carrier frequency

	
	
	
	A-MPR [dB]
(clause)

	CA_NC_NS_01
	6.5A.2.2.2
6.5A.3.2.2
	All applicaple NR CA configurations
	N/A

	CA_NC_NS_04
	6.5A.2.3.2.1
6.5A.3.3.2.1
	CA_n41(2A)
	6.2A.3.1.2.1

	CA_NC_NS_12
	6.5A.3.3.2.2
	CA_n26(2A)
	60 dB

	CA_NC_NS_13
	6.5A.3.3.2.3
	CA_n26(2A)
	60 dB

	CA_NC_NS_14
	6.5A.3.3.2.4
	CA_n26(2A)
	60 dB

	CA_NC_NS_15
	6.5A.3.3.2.5
	CA_n26(2A)
	60 dB

	CA_NC_NS_55,
CA_NC_NS_57 
	See
CA_NC_NS_01
	CA_n77(2A)
	See
CA_NC_NS_01

	CA_NC_NS_100
	6.5A.2.4.2.2
	CA_n26(2A)
	60 dB



Proposal 2: to specify the following MSD levels for UL CA_n26(2A) and improve the MSD table format.
	CA configuration
	PCC/SCC 
(SCS, BW)
	PCC/SCC UL Fc (MHz)
	UL PCC/SCC allocation
(LCRB)
	PCC/SCC DL Fc (MHz)
	PCC ΔRIBNC (dB)
	SCC ΔRIBNC (dB)
	Duplex mode

	CA_n26(2A)
	(15kHz, 5MHz) / (15kHz, 5MHz)
	816.5 / 839
	12 (RBSTART = 0) / 12 (RBSTART = 3)
	861.5 / 884
	27.9
	5.4
	FDD
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