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1. Background
This contribution provides our analysis for the self-interference modeling, OBUE performance impact and the RF requirement impact. The analysis is conducted using FR1 as the example; FR2 can be analyzed using the similar methodology when the assumptions are fixed. 
2. Discussion
2.1 gNB Self-interference
2.1.1 The whole SI contribution
For the gNB self-interference, we analysed the 1dB degradation requirement for FR1. The followings are the assumptions for the analysis.
· BWchannel:100MHz
· Subband configuration：｛DUD｝， 40MHz DL+20MHz UL+40MHz DL
· Tx power over whole channel  PTx :46dBm
· Subband ACLR：45dB
· Noise Figure: 5dB
· UL REFSENS degradation due to SI: 1dB
· Rx in-band blocking interfering signal power: -43dBm


Figure1: subband assignment


Figure 2: gNB Tx antenna output and Rx antenna input of self-interference
Interfering signal power can be calculated as in Table 1 according to the concept shown in Figure 2.
Table 1: Interfering signal mean powers of receiver
	Parameters
	Value

	Rx subband BWUL (MHZ)
	20 

	Noise figure (dB)
	5 

	Noise power (dBm/ BWUL) 
	-96 

	Receiver sensitivity degradation (dB)
	1 

	Receiver total noise power (dBm/ BWUL)
	-95 

	Rx subband interfering signal power (dBm/ BWUL)
	-102 


From the above calculation, it can be seen that the if 1 dB sensitivity degradation is the target, the total of Tx leakage and Rx path contribution should be 1 dB, i.e. -102dBm. Then each contribution is assumed to be -105dBm in the following separate analysis. 
Observation 1: The Tx leakage and Rx contribution requirements to the SI can be divided to -105dBm each if each of them contributes to half of noise.
2.1.2 RSIC capability for Tx leakage
Table 2: RSIC requirement for Tx leakage of SI
	Parameters
	Value

	Tx subband BWDL (MHZ)
	40

	Rx subband BWUL (MHZ)
	20

	Tx power over whole channel  PTx（dBm)
	46

	Rx subband interfering signal mean power (dBm/ BWUL)
	-105

	Overall RSIC requirement for Tx leakage (dB)
	148


Observation 2: The overall RSIC requirement for Tx leakage should be at least 148 dB for WA SBFD BS
2.1.3 Rx path noise contribution
Assuming Rx path contribution is -105dBm. 
2.1.3.1 Rx blocking issue
Assume Rx in-band blocking interfering signal power is -43dBm for Wide Area BS.
Table 3: RSIC requirement for Rx in-band blocking of SI
	Parameters
	Value

	Tx subband BWDL (MHZ)
	40

	Rx subband BWUL (MHZ)
	20

	Tx power over whole channel  PTx (dBm)
	46

	BS in-band blocking requirement (dBm)
	-43

	RSIC requirement for Rx blocking issue (dB)
	89


Observation 3: The RSIC requirement for Rx blocking issue should be 89 dB for WA SBFD BS.
2.1.3.2 Rx intermodulation
Assuming IM3 contributes half of the Rx noise contribution, then IM3 should be below -108 dBm, in-band blocking signal is -43dBm, the required IIP3 is -10.5dBm.
 
If the IBB signal power  increases 1dB，IIP3 requirement increases 1.5dB.
Observation 4: If IM3 contribution is -108dBm for WA BS SBFD Rx noise, IIP3 should be at least-10.5 dBm in whole operation temperature range, which is very challenging.
2.1.3.3 Adjacent Channel Selectivity (ACS)
Similar with IM3 contribution, assuming ACS contribution is half of the Rx noise contribution, i.e. -108dBm. Then ACS requirement should be -43 – (-108) = 65dB. It may be a little challenging for Rx digital filter. ~ 200 taps digital filter is needed for 20 MHz Rx filter if SU is the same with current specification.
Observation 5: 65 dB ACS capability is needed for WA BS. It is challenging if SU is the same with current specification.
2.1.4 AGC and ADC dynamic range
ADC dynamic range needs to be analysed for Rx path to see if Rx signals’ power range can be covered without any AGC operation. 
Rx signals include wanted signal and interference signals. Interference signals far from Rx operating frequency range can be rejected by Rx RF (and IF filter) and other analog components, such as LNA and mixer, but the interference signals near the Rx operating channel may fall into ADC input without or partially rejected  by filters.
Assuming the largest signal is the IBB interference signal, i.e. -43 dBm, the minimum signal is reference sensitivity level, which is -95.6 dBm in 20MHz Rx SB, then the dynamic range of the Rx input signal is 52.6 dB. 52.6 plus10 dB PAPR budget and 4dB margin, total 66.6dB dynamic range is needed for ADC. 12 bit ADC has 74 dB dynamic range, so 14 bit ADC has sufficient margin for the current assumption.
Observation 6: If Rx blocking level is assumed to be the current WA BS requirement, ADC dynamic range can cover the whole signal level including wanted signal and interference signals.
Then when ADC dynamic range is sufficient, there’s no motivation to have any AGC operation considering the NF and the implementation complexity.
Observation 7: AGC is not need to be analysed for BS Rx path because ADC dynamic is not a problem.
2.2 Co-channel inter-cell co-site inter-sector gNB-to-gNB inter-subband CLI
2.2.1 The whole CLI contribution
For co-site inter-sector co-channel inter-subband CLI, the followings are the assumptions for the analysis.
· Aggressor gNB and victim gNB configurations are same as SI gNB
· Assume UL receiver sensitivity degradation due to CLI is 1dB.
The analysis is similar with SI but antenna isolation is replaced by spatial isolation of different sectors.  
If 1 dB sensitivity degradation is the target, the total of Tx leakage and Rx path contribution should be 1 dB, i.e. -102 dBm. Then each contribution is assumed to be -105 dBm, which is the sum of the contributions from all co-site sectors. So -108dBm noise contribution from each sector BS is used in the following analysis.


Figure 3:  Co-channel co-site inter-sector gNB-to-gNB inter-subband CLI


[bookmark: _GoBack]Figure 4: gNB2 Tx antenna output and gNB1 Rx antenna input of inter-subband CLI

Observation 8: The Tx leakage and Rx contribution requirements to the CLI can be divided to -108 dBm each if each of them contributes to half of noise.
2.2.2 Tx leakage
Table 4: RSIC requirement for Tx leakage of CLI
	Parameters
	value

	Tx subband BWDL-gNB2 (MHZ)
	40

	Rx subband BWUL-gNB1 (MHZ)
	20

	Tx power over whole channel  PTx-gNB2(dBm)
	46

	Rx subband interfering signal mean power (dBm/ BWUL-gNB1)
	-108

	Isolation or receiver performance improved requirement (dB)
	151


Observation 9: The RSIC requirement for Tx leakage issue should be 151 dB for co-channel co-site inter-sector CLI, which is very challenging.
2.2.3 Rx path noise contribution
2.2.3.1 Rx blocking issue
Assume Rx in-band blocking interfering signal power is -43 dBm for Wide Area BS. 
Table 5: RSIC requirement for Rx in-band blocking of SI
	Parameters
	Value

	Tx subband BWDL (MHZ)
	40

	Rx subband BWUL (MHZ)
	20

	Tx power over whole channel  PTx（dBm)
	46

	BS in-band blocking requirement (dBm)
	-43

	RSIC requirement for Rx blocking issue (dB)
	92


Observation 10: The RSIC requirement for Rx blocking issue should be 92 dB for co-channel co-site inter-sector CLI.
2.2.3.2 Rx intermodulation
Assuming IM3 contributes half of the Rx noise contribution, then IM3 should be below -111 dBm, in-band blocking signal is -43dBm, the required IIP3 is -9 dBm.
Observation 11: If IM3 contribution is -108 dBm for co-channel co-site inter-sector CLI Rx noise, IIP3 should be at least -9 dBm in whole operation temperature range, which is very challenging.
2.2.3.3 Adjacent Channel Selectivity (ACS)
Similar with IM3 contribution, assuming ACS contribution is half of the Rx noise contribution, i.e. -111 dBm.Then ACS requirement should be -43 – (-111) = 68 dB. It may be challenging for Rx digital filter. ~ 200 taps digital filter is needed for 20 MHz Rx filter if SU is the same with current specification.
Observation 12: 68 dB ACS capability is needed for co-channel co-site inter-sector CLI. It is challenging if SU is the same with current specification.
2.3 OBUE performance impact
The above analysis uses the methodology mostly accepted by companies. But OBUE performance impact is missing in current methodology. Especially for DUD configuration, OBUE performance dominates the Tx leakage as shown in Figure 3.


Figure 5: gNB Tx antenna output ACLR and OBUE requirements
DUD configuration Tx performance should refer non-contiguous spectrum transmitter performance. The approach used by BS non-contiguous spectrum can be considered. The detail analysis and requirements can be discussed further in future meetings.
Table 6 shows a preliminary analysis for the different results between using ACLR or OBUE performance.
Table 6: Tx leakage analysis using ACLR or OBUE performance
	
	Subband configuration
	｛DUD｝
40MHz DL+20MHz UL+40MHz DL
	

	Tx leakage analysis using Tx SB ACLR
	Tx power over whole channel  PTx (dBm)
	46
	

	
	Subband ACLR(dB)
	45
	

	
	Tx leakage (dBm/100KHz)
	-25
	

	
	Tx leakage (dBm/20MHz)
	-2
	

	Tx leakage analysis using OBUE
	Operating band unwanted emissions (dBm/100KHz)
	[image: ]
	0.05 MHz≤f_offset< 5.05 MHz

	
	
	-14
	5.05 MHz≤f_offset< 10MHz

	
	Total operating band unwanted emissions (dBm/20MHz)
	11.5
	


In table 6, Tx leakage power from Tx SB ACLR is 13.5dB lower than the leakage from OBUE. So the OBUE performance impact should be discussed and decided for the Tx leakage analysis.
Proposal 1: OBUE performance impact should be discussed and decided for Tx leakage analysis.
2.4 RF Requirement Impact
2.3.1 New RF requirements for SBFD
In RAN4#105,  WF [1] lists some potential impacted requirements. We have the following considerations.
· In-channel adjacent subband leakage ratio
In-channel adjacent subband leakage ratio should be defined that this performance contributes to BS SI, inter-site CLI and co-sited inter-sector CLI.
· In-channel adjacent subband Blocking, Adjacent subband selectivity, In-channel Receiver intermodulation
Tx signal received in Rx path leads to both IM3 and ACS to Rx SB, they define the Rx abilities to guarantee the Rx path interference cancellation requirement. The name of this requirement can be discussed later. 
Except the above new requirements, in-channel operating subband unwanted emission should also be defined. The reason is similar with the BS Tx OBUE that the emission near the operating subband edge should follow some emission requirements. For the DUD case, the approach similar with the non-contiguous spectrum can be considered.
Table 7: New RF requirements analysis results
	In-channel adjacent subband leakage ratio

	In-channel adjacent subband Blocking + Adjacent subband selectivity

	In-channel Receiver intermodulation

	In-channel operating subband unwanted emission


Proposal 2: New RF requirements for SBFD listed in Table 7 should be defined.
2.3.2 Existing requirement with different value
Transmit ON/OFF power requirement is not applicable for SBFD BS because transmit OFF power requirement applies only to TDD operation of the BS.
Proposal 3: Transmit ON/OFF power requirement is not applicable for SBFD BS.
Co-location minimum requirements for BS type 1-C and BS type 1-H of out-of-band blocking need further study for SBFD gNB. The requirement assume a 30 dB coupling loss between interfering transmitter and NR BS receiver and are based on co-location with base stations of the same class. 30dB coupling loss can’t satisfy SBFD isolation requirement. When new coupling loss is agreed in the CLI analysis, the requirement can be defined. REFSENS impact can be discussed later when SI, CLI analysis is clear and decided.
OTA receiver spurious emission can’t be defined as it is superseded by the OTA TX spurious emissions requirement. This is due to the fact that TX and RX spurious emissions cannot be distinguished in OTA domain.
Observation 13: Coupling loss for co-location minimum requirements needs to be changed. REFSENS impact can be discussed later when SI, CLI analysis is clear and decided.
Proposal 4: OTA receiver spurious emissions can’t be defined for SBFD BS. 
Ttransmitter intermodulation and OTA transmitter intermodulation’co-location assumption need to be further studied, 30 dB coupling loss between two co-location gNBs and the transmitted signals are adjacent to each other in the frequency domain can’t satisfy SBFD isolation requirement.
Observation 14: Co-location assumption for transmitter intermodulation and OTA transmitter intermodulation need to be further studied for SBFD BS. 
2.3.3 Unchanged requirements
The following requirements are unchanged. The current BS requirements can be reused for SBFD BS.
Table 8: Existing requirements would be remained unchanged
	
	Requirements

	Conducted RF requirement
	Adjacent Channel Leakage power Ratio (ACLR)

	
	Operating band unwanted emissions	

	
	Transmitter spurious emissions

	
	Adjacent channel selectivity (ACS)

	
	In-channel selectivity

	
	Receiver intermodulation

	Radiated RF requirement
Radiated RF requirement
	OTA Adjacent Channel Leakage Power Ratio (ACLR)

	
	[bookmark: _Hlk496084370]OTA operating band unwanted emissions

	
	OTA transmitter spurious emission

	
	OTA Adjacent channel selectivity (ACS)

	
	OTA in-channel selectivity

	
	OTA receiver intermodulation


Proposal 5: Existing requirements listed in Table 8 are unchanged for SBFD BS.
3. Summary
· gNB Self-interference
Observation 1: The Tx leakage and Rx contribution requirements to the SI can be divided to -105 dBm each if each of them contributes to half of noise.
Observation 2: The overall RSIC requirement for Tx leakage should be at least 148 dB for WA SBFD BS.
Observation 3: The RSIC requirement for Rx blocking issue should be 89 dB for WA SBFD BS.
Observation 4: If IM3 contribution is -108 dBm for WA BS SBFD Rx noise, IIP3 should be at least-10.5 dBm in whole operation temperature range, which is very challenging.
Observation 5: 65 dB ACS capability is needed for WA BS. It is chanllenging if SU is the same with current specification.
Observation 6: If Rx blocking level is assumed to be the current WA BS requirement, ADC dynamic range can cover the whole signal level including wanted signal and interference signals.
Observation 7: AGC is not need to be analysed for BS Rx path because ADC dynamic is not a problem.
· Co-channel inter-cell co-site inter-sector gNB-to-gNB inter-subband CLI
Observation 8: The Tx leakage and Rx contribution requirements to the CLI can be divided to -108 dBm each if each of them contributes to half of noise.
Observation 9: The RSIC requirement for Tx leakage issue should be 151 dB for co-channel co-site inter-sector CLI, which is very challenging.
Observation 10: The RSIC requirement for Rx blocking issue should be 92 dB for co-channel co-site inter-sector CLI.
Observation 11: If IM3 contribution is -108 dBm for co-channel co-site inter-sector CLI Rx noise, IIP3 should be at least-9 dBm in whole operation temperature range, which is very challenging.
Observation 12: 68 dB ACS capability is needed for co-channel co-site inter-sector CLI. It is chanllenging if SU is the same with current specification.
· OBUE performance impact
Proposal 1: OBUE performance impact should be discussed and decided for Tx leakage analysis.
· RF Requirement Impact
· New RF requirements for SBFD
Proposal 2: New RF requirements for SBFD listed in Table 7 should be defined.
· Existing requirement with different value 
Proposal 3: Transmit ON/OFF power requirement is not applicable for SBFD BS.
Observation 13: Coupling loss for co-location minimum requirements needs to be changed. REFSENS impact can be discussed later when SI, CLI analysis is clear and decided.
Proposal 4: OTA receiver spurious emissions can’t be defined for SBFD BS.
Observation 14: Co-location assumption for transmitter intermodulation and OTA transmitter intermodulation need to be further studied for SBFD BS.
· Below requirements would be remained unchanged with respect to SBFD operation. 
Proposal 5: Existing requirements listed in Table 8 are unchanged for SBFD BS.
Reference
[1] R4-2220244,”WF for the feasibility from BS aspect”, RAN4#105
[2] R4-2218478, “Further discussion on BS feasibility study for duplex evolution” , RAN4#105
Page 4
oleObject1.bin
�

frequency



image2.emf
i

s

o

l

a

t

i

o

n

frequency

T

x

 

p

o

w

e

r

+

T

x

 

a

n

t

e

n

n

a

 

g

a

i

n

DL subband

UL

subband

DL subband

A

C

L

R


oleObject2.bin
�

isolation


frequency



image3.emf
gNB1 gNB2

Self-interference

Co-channel inter-cell co-site inter-sector gNB-to-gNB inter-subband CLI

D

U

D

            

D

U

D

F1

F1

U

U


oleObject3.bin
�

gNB1


gNB2


Self-interference


Co-channel inter-cell co-site inter-sector gNB-to-gNB inter-subband CLI


D


U


D


            


D


U


D


F1


F1


U


U



image4.emf
frequency

DL subband

UL

subband

DL subband

A

C

L

R

gNB2 Tx antenna output

gNB1 Rx antenna input

Inter-sector

isolation


oleObject4.bin
�

Inter-sector
isolation


frequency



image5.emf
i

s

o

l

a

t

i

o

n

frequency

T

x

p

o

w

e

r

+

T

x

a

n

t

e

n

n

a

g

a

i

n

DL subband

UL

subband

DL subband

A

C

L

R

OBUE


oleObject5.bin

image6.wmf
dB

MHz

offset

f

dBm

÷

ø

ö

ç

è

æ

-

×

-

-

05

.

0

_

5

7

7


image1.emf
frequency

time

UL 20MHz DL 40MHz DL 40MHz


