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Introduction
In this meeting, RAN4 received LS [1] from RAN2. In this replied LS, RAN2 confirmed that current specification does not support configuring the scenario (UL, DL) = (n5+n8, n8). However, it seems that different companies have different understanding on what RRC configuration is for option 2. Thus, we’d like to clarify this point in this paper.

In addition, in the way forward [2] on CA_n5-n8, the MSD requirements for three options were discussed and companies provided the technical inputs in RAN4#107 meeting. In this paper, we’d like to further discuss the MSD due to cross band isolation and provide our technical inputs.

Discussion on replied LS from RAN2.
In the clause 5.1.0 of TR 38.872 [3], the high level implementations were discussed in study phase and three potential options are listed below.

	Generally, in this study item, some high level implementations were discussed and shown as below.
1)	Full band n5 and n8 RF filters implementation with option 1 and option2:
-	Option 1: Only support 1UL/2DL CA. Single UL in n5
-	Option 2: Support both 1UL/2DL and 2UL/2DL CA. Non-concurrent n5 DL and n8 UL
Note: Potential impacts on RAN2 are observed
2)	Dedicated RF filters implementation with partial frequency range
-	Option 3: Support both 1UL/2DL and 2UL/2DL CA. Dedicated filter to allow simultaneous n5 DL and n8 UL



It’s observed that the RRC configurations for option 2 are 1UL/2DL and 2UL/2DL with a restriction, i.e. Non-concurrent n5 DL and n8 UL.
Observation 1: During study phase of RAN4 sub1GHz band combinations, it’s assumed that RRC configurations for option 2 are 1UL/2DL and 2UL/2DL for CA_n5-n8.

Based on the latest WI [4], the objective related to option 2 of CA_n5-n8 is shown below.
	For CA_n5-n8, study the feasibility of non-simultaneous n5 DL + n8 UL with the existing specifications [RAN2]
· Note: RAN2 work will be triggered by LS from RAN4




It’s clearly stated that RAN2 start to study the feasibility of non-simultaneous n5 DL + n8 UL with the existing specifications after receiving LS from RAN4.
In replied LS [1], RAN2 confirm that current specification does not support configuring the scenario (UL, DL) = (n5+n8, n8).
	RAN2 would like to inform that current specification does not support configuring the scenario (UL, DL) = (n5+n8, n8) from RAN4 LS.



Observation 2: In replied LS, RAN2 has confirmed that current specification does not support RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8). Thus, there is no need to consider and study the solution (RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8)) as RAN2 should study the feasibility of non-simultaneous n5 DL + n8 UL with existing specification based on the objective of WI.
Based on the observations above, it can be concluded that RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8) was neither considered during RAN4 study phase nor included based on the objective of sub1GHz WI and existing specification, so there is no need to further discuss and consider the RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8).
Proposal 1: The RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8), is precluded as this configuration was neither considered in RAN4 study phase nor included based on the objective of sub1GHz WI and existing specification.
In RAN2’s LS [1], there are two questions listed below.
	Question 1: Does RAN4 see problem if cross carrier scheduling is used in this scenario i.e. PCell (n8) scheduling SCell (n5)?
Question 2: What are RAN4 understanding regarding RRM measurements in this kind of scenario? Does UE need to measure the cell with UL only (n5) (e.g. for SCell addition/change/release purpose)?



For question 1, cross carrier scheduling is transparent from RAN4’s perspective and it has the impacts of RAN1’s specification, so RAN4 can’t simply answer whether cross carrier scheduling has a problem or not. If necessary, it’s better to check RAN1’s view.
For question 2, this kind of scenario (RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8)) is precluded and will not be considered as what we analysed above. From RAN4’s perspective, comparing between RRC configuration 2UL/1DL and the RRC configuration 2UL/2DL with Non-concurrent n5 DL and n8 UL that is captured in the clause 5.1.0 of TR 38.872, the system performance and the flexibility of scheduling of RRC configuration 2UL/1DL are worse than the latter one.
Thus, it’s proposed to reply RAN2’s LS below.
Proposal 2: Reply RAN2’s LS as below.
	1. Overall Description:
RAN4 thanks RAN2’s replied LS (R2-2306862) and confirmation that current specification does not support configuring the scenario (UL, DL) = (n5+n8, n8). 
RAN4 has discussed this LS and conclude that The RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8), is precluded since this configuration was neither considered in RAN4 study phase (Referring to the clause 5.1.0 of TR 38.872) nor included based on the objective of sub1GHz WI and existing specification.
RAN4 would like kindly answer RAN2’s question as below.
Q1: Does RAN4 see problem if cross carrier scheduling is used in this scenario i.e. PCell (n8) scheduling SCell (n5)?
A1: cross carrier scheduling is transparent from RAN4’s perspective and it has the impacts of RAN1’s specification, so RAN4 can’t simply conclude whether cross carrier scheduling has a problem or not. If necessary, it’s kindly suggested to check RAN1’s feedback.
Q2: What are RAN4 understanding regarding RRM measurements in this kind of scenario? Does UE need to measure the cell with UL only (n5) (e.g. for SCell addition/change/release purpose)?
A2: In RAN4’s understanding, this kind of scenario (RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8)) is out of WI’s scope and will not be considered in RAN4.



Discussion on capability issues for potential solutions
Option 1: Only support 1UL/2DL CA. Single UL in n5
For this option, there is no restriction on frequency range for this configuration, i.e. (UL, DL) = (n5, n5+n8). Currently, RAN2’s specification can support that UE indicate this kind of RRC configuration. Thus, there is no need to specify new UE capability for the configuration (UL, DL) = (n5, n5+n8).
Observation 3: there is no need to specify new UE capability for the configuration (UL, DL) = (n5, n5+n8) as no restriction on frequency range for this configuration.
Option 3: Support both 1UL/2DL and 2UL/2DL CA. Dedicated filter to allow simultaneous n5 DL and n8 UL
For this option, RAN4 agreed to implement dedicated filter in band n8 UL and/or band n5 DL, so the restriction on frequency range for the configurations (UL, DL) = (n8, n5+n8) and (UL, DL) = (n5+n8, n5+n8) need to be specified. In addition, during RAN4 study phase, it depends on UE implementation whether UE vendor implement a dedicated filter for band n5 DL since we have the following judgement in table 5.1.4-1 of TR 38.872.
	1. At least, but not necessary limited to one n8 UL dedicated filter with UL partial frequency range need to be developed for this specific CA operation.


That means UE may implement partial DL frequency range (869~880MHz) for n5 or full DL frequency range (869~894MHz) for n5. Thus, for future-proof perspective, the best solution is to specify a new capability to avoid interoperation issue.
In addition, operators may introduce new band combinations, e.g. DL_n5-n8-n78_UL_n8-n78, in the future. Thus, it’s better to explicitly specify a new capability so that UE can report the supported partial frequency range.
One alternative is to define a new capability FrequencyRangeRestriction with the perBandperBC granularity which can be used to distinguish UL and DL. 
Proposal 3: it’s suggested to enable option 3 by introducing the following requirements into specification and request RAN2 to design a new capability.
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For a CA band combination which has the following characteristics specified in Table 5.2A.3-1, if the [FrequencyRangeRestriction] is indicated by UE in the UL/DL band(s) of this CA band combination, the supported partial frequency ranges specified in table 5.2A.3-1 are designed to operate in the corresponding UL/DL band(s) of CA band combination.
Table 5.2A.3-1: the supported partial frequency range in the UL/DL band(s) of CA band combination
	The characteristics of NR CA band combination
	NR operating band
	UL or DL
	the supported partial frequency ranges if [FrequencyRangeRestriction] is indicated in the band of NR CA band combination

	Both n5 DL and n8 UL are indicated together by UE in the band combination
	n5
	DL
	869 MHz – 880 MHz

	
	n8
	UL
	904 MHz – 915 MHz






Discussion on MSD due to cross band isolation
In WF [2], RAN4 analysed the two kinds of MSD due to cross band isolation. The way forwards are shown below.
	<WF1 on RF requirement for option 1 (UL in n5 only and full band support)>
Applicable to UEs supporting CA_n5-n8 DL and n5 UL only
Note: Option 1 is a fallback UL configuration for Option 2 and option 3 and thus the associated RF requirements are needed even if this option is down selected
Based on the average of the two-antenna data provided, the following 1UL cross band MSD is specified:
	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)
	

	n5
	n8
	844
	10
	15
	25 (RBstart=27)
	951.5
	5
	[2.8]
	>ACLR2






	<WF3 on 1UL n8R MSD into n5>
Applicable to UEs supporting n5 DL and CA_n5-n8 UL or CA_n5-n8 DL and n5 UL
The following 1UL n8R cross-band MSD is specified if this option is confirmed:
	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)
	

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	[12.3]
	>ACLR2






1) MSD due to cross band isolation from n5 UL to n8 DL.
We assume n5 PA noise PSD at PA output port in 925~960MHz is -130dBm/Hz and n5 Tx filter rejection at 925~960MHz is 35dB, so we can get 0.8 dB MSD below. Two-antenna RF architecture is assumed.
Table 1 MSD analysis from n5 UL to n8 DL
	　
	parameters
	n8 main path
	n8 diversity path

	transmit power for n5, dBm
	　
	23
	23

	Tx band n5 BW(MHz, Lcrb)
	25
	　
	　

	RFFE loss, dB
	4
	　
	　

	Diplexer isolation at n5 uplink freq，dB
	10
	　
	　

	antenna isolation, dB
	10
	　
	　

	n8 receival singal at ANT port, dBm
	　
	27
	13

	　
	　
	　
	　

	n8 filter rejection at 814~859MHz, dB
	50
	　
	　

	signal After n8 filter, dBm
	　
	-27
	-41

	Typical receiver IIP2, dB
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-104
	-132

	front-end loss 
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-100
	-128

	　
	　
	　
	　

	noise figure dB
	12
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-162
	　
	　

	Rx band n8 BW(MHz, NRB)
	4.5
	　
	　

	Thermal noise, dBm
	　
	-95.47 
	-95.47 

	　
	　
	　
	　

	n5 PA noise PSD at PA output port, dBm/Hz
	-130
	　
	　

	n5 PA noise PSD at PA output port, dBm/RxBW
	　
	-63.47 
	　

	n5 Tx filter rejection at 925~960MHz, dB
	35
	　
	　

	n5 PA noise power at Rx n8 ant port at 925~960MHz, dBm
	　
	-98.47 
	-108.47 

	　
	　
	　
	　

	　
	　
	　
	　

	　
	　
	　
	　

	Total noise level at ANT port
	　
	-92.79 
	-95.25 

	SNR requirement for QPSK
	-1
	　
	　

	REFSENSE (referred to antenna)(5MHz BW)
	　
	-93.79 
	-96.25 

	Implementation Margin, dB
	2
	　
	　

	combined REFSENS(5MHz BW), dBm
	-96.20 
	　
	　

	MSD
	0.80 
	　
	　



If we adjust the n5 PA noise PSD and n5 Tx filter rejection at 925~960MHz, we can get the following MSD results.
	
	n5 Tx filter rejection = 30dB
	rejection = 35dB
	rejection = 40dB

	PA noise PSD -125dBm/Hz
	3.38dB MSD
	1.73dB MSD
	0.8dB MSD

	PA noise PSD -130dBm/Hz
	1.73dB MSD
	0.8dB MSD
	0.37dB MSD



As the larger frequency separation between n5 UL and n8 DL, it’s reasonable to assumed -130dBm/Hz PA noise PSD.
Even if we take 30dB of n5 Tx filter rejection, we can get 1.73dB MSD.
Proposal 4: to specify 1.73dB MSD due to cross band isolation from n5 UL to n8 DL.

2) MSD due to cross band isolation from n8R UL to n5 DL.
Currently, the 12.3dB MSD value was derived from contribution [5], the measured PA noise and n8R UL filter rejection were provided in table 2. 
Table 2 estimated n5R MSD with n8R dedicated UL filter
	n5R channel
	Measured
PA noise (dBm)
	n8R UL filter rejection (dB)
	MSD
(dB)

	5MHz lower
	-55.0
	35
	3.9

	5M higher
	-49.1
	30
	12.3

	10MHz
	-50.8
	32
	6.6



Thus, we assume 30 dB for n8R Tx filter rejection at 869~880MHz. For two-antenna RF architecture, our analysis was provided in table 3.
Table 3 MSD analysis from n5 UL to n8 DL for two-antenna RF architecture
	　
	parameters
	n5 main path
	n5 diversity path

	transmit power for n8, dBm
	　
	23
	23

	Tx band n8 BW(MHz, Lcrb)
	25
	　
	　

	RFFE loss, dB
	4
	　
	　

	Diplexer isolation at n8 uplink freq，dB
	10
	　
	　

	antenna isolation, dB
	10
	　
	　

	n5 receival singal at ANT port, dBm
	　
	27
	13

	　
	　
	　
	　

	n5 filter rejection at 904~915MHz, dB
	30
	　
	　

	signal After n5 filter, dBm
	　
	-7
	-21

	Typical receiver IIP2, dB
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-64
	-92

	front-end loss 
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-60
	-88

	　
	　
	　
	　

	noise figure dB
	11
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-163
	　
	　

	Rx band n5 BW(MHz, NRB)
	4.5
	　
	　

	Thermal noise, dBm
	　
	-96.47 
	-96.47 

	　
	　
	　
	　

	ACLR2, dB
	43
	　
	　

	n8 PA leakage PSD at PA output port at 2nd adjacent channel, dBm/MHz
	　
	-33.01 
	　

	n8 PA noise PSD at PA output port, dBm/RxBW
	　
	-50.47 
	　

	n8 Tx filter rejection at 869~880MHz, dB
	30
	　
	　

	n8 PA noise power at Rx n5 ant port at 869~880MHz, dBm
	　
	-80.47 
	-90.47 

	　
	　
	　
	　

	Total noise level at ANT port
	　
	-59.96 
	-85.67 

	SNR requirement for QPSK
	-1
	　
	　

	REFSENSE (referred to antenna)(5MHz BW)
	　
	-60.96 
	-86.67 

	Implementation Margin, dB
	2
	　
	　

	combined REFSENS(5MHz BW), dBm
	-84.68 
	　
	　

	MSD
	13.32 
	　
	　

	
	
	
	



For three-antenna RF architecture, our analysis was provided in table 4.
Table 4 MSD analysis from n5 UL to n8 DL for two-antenna RF architecture
	　
	parameters
	n5 main path
	n5 diversity path

	transmit power for n8, dBm
	　
	23
	23

	Tx band n8 BW(MHz, Lcrb)
	25
	　
	　

	RFFE loss, dB
	4
	　
	　

	Diplexer isolation at n8 uplink freq，dB
	10
	　
	　

	antenna isolation, dB
	10
	　
	　

	n5 receival singal at ANT port, dBm
	　
	13
	13

	　
	　
	　
	　

	n5 filter rejection at 904~915MHz, dB
	30
	　
	　

	signal After n5 filter, dBm
	　
	-21
	-21

	Typical receiver IIP2, dB
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-92
	-92

	front-end loss 
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-88
	-88

	　
	　
	　
	　

	noise figure dB
	11
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-163
	　
	　

	Rx band n5 BW(MHz, NRB)
	4.5
	　
	　

	Thermal noise, dBm
	　
	-96.47 
	-96.47 

	　
	　
	　
	　

	ACLR2, dB
	43
	　
	　

	n8 PA leakage PSD at PA output port at 2nd adjacent channel, dBm/MHz
	　
	-33.01 
	　

	n8 PA noise PSD at PA output port, dBm/RxBW
	　
	-50.47 
	　

	n8 Tx filter rejection at 869~880MHz, dB
	30
	　
	　

	n8 PA noise power at Rx n5 ant port at 869~880MHz, dBm
	　
	-90.47 
	-90.47 

	　
	　
	　
	　

	Total noise level at ANT port
	　
	-85.67 
	-85.67 

	SNR requirement for QPSK
	-1
	　
	　

	REFSENSE (referred to antenna)(5MHz BW)
	　
	-86.67 
	-86.67 

	Implementation Margin, dB
	2
	　
	　

	combined REFSENS(5MHz BW), dBm
	-87.68 
	　
	　

	MSD
	10.32 
	　
	　



The MSD value is similar to the previous one (12.3dB), so there is no need to further update the previous way forward. It’s proposed to remove brackets.
Proposal 5: To remove brackets and confirm the MSD test configuration from n8R UL to n5 DL.
	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)
	

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	[12.3]
	>ACLR2



Summary
Observation 1: During study phase of RAN4 sub1GHz band combinations, it’s assumed that RRC configurations for option 2 are 1UL/2DL and 2UL/2DL for CA_n5-n8.
Observation 2: In replied LS, RAN2 has confirmed that current specification does not support RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8). Thus, there is no need to consider and study the solution (RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8)) as RAN2 should study the feasibility of non-simultaneous n5 DL + n8 UL with existing specification based on the objective of WI.
Proposal 1: The RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8), is precluded as this configuration was neither considered in RAN4 study phase nor included based on the objective of sub1GHz WI and existing specification.
Proposal 2: Reply RAN2’s LS as below.
	1. Overall Description:
RAN4 thanks RAN2’s replied LS (R2-2306862) and confirmation that current specification does not support configuring the scenario (UL, DL) = (n5+n8, n8). 
RAN4 has discussed this LS and conclude that The RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8), is precluded since this configuration was neither considered in RAN4 study phase (Referring to the clause 5.1.0 of TR 38.872) nor included based on the objective of sub1GHz WI and existing specification.
RAN4 would like kindly request RAN2 to consider the following answers.
Q1: Does RAN4 see problem if cross carrier scheduling is used in this scenario i.e. PCell (n8) scheduling SCell (n5)?
A1: cross carrier scheduling is transparent from RAN4’s perspective and it has the impacts of RAN1’s specification, so RAN4 can’t simply conclude whether cross carrier scheduling has a problem or not. If necessary, it’s kindly suggested to check RAN1’s feedback.
Q2: What are RAN4 understanding regarding RRM measurements in this kind of scenario? Does UE need to measure the cell with UL only (n5) (e.g. for SCell addition/change/release purpose)?
A2: In RAN4’s understanding, this kind of scenario (RRC configuration 2UL/1DL, i.e. (UL, DL) = (n5+n8, n8)) is out of WI’s scope and will not be considered in RAN4.



Observation 3: there is no need to specify new UE capability for the configuration (UL, DL) = (n5, n5+n8) as no restriction on frequency range for this configuration.
Proposal 3: it’s suggested to enable option 3 by introducing the following requirements into specification and request RAN2 to design a new capability for option 3.
	5.2A.3	Operating bands for CA with partial frequency range
For a CA band combination which has the following characteristics specified in Table 5.2A.3-1, if the [FrequencyRangeRestriction] is indicated by UE in the UL/DL band(s) of this CA band combination, the supported partial frequency ranges specified in table 5.2A.3-1 are designed to operate in the corresponding UL/DL band(s) of CA band combination.
Table 5.2A.3-1: the supported partial frequency range in the UL/DL band(s) of CA band combination
	The characteristics of NR CA band combination
	NR operating band
	UL or DL
	the supported partial frequency ranges if [FrequencyRangeRestriction] is indicated in the band of NR CA band combination

	Both n5 DL and n8 UL are indicated together by UE in the band combination
	n5
	DL
	869 MHz – 880 MHz

	
	n8
	UL
	904 MHz – 915 MHz






Proposal 4: to specify 1.73dB MSD due to cross band isolation from n5 UL to n8 DL.
Proposal 5: To remove brackets and confirm the MSD test configuration from n8R UL to n5 DL.
	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)
	

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	[12.3]
	>ACLR2
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