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Introduction
In RAN#94e meeting, the work item [RP-221352] on study on evolution of NR duplex operation was approved as one of Rel-18 RAN1 package. During the last RAN4 meeting, there were some initial discussion with some progress reached in [5]. In this contribution, we want to share some further views on from the self-interference and co-channel CLI for full duplex BS.
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2.1. RF architecture for full duplex BS
First of all, before the discussion for the details of self interference of full duplex BS, it’s necessary to have the overview of RF architecture of full duplex BS. As shown in the following figure 1 for FR1 full duplex BS and FR2 full duplex BS. 
[image: ]
Figure 1. general illustration of FR1 full duplex BS
As shown in the above Figure 1 for FR1 full duplex BS, to handle the self-interference from the transmitter to its own receiver, there would be following potential approaches to mitigate the interference to ensure its receiver performance:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver;
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL sub-band;
4) Sub-band filtering of receiver to reject the power from the transmitter;
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.
For the linear of RSI of FR1 SBFD BS could be modeled as following taken the above factors into account:


In addition, it should be noted that for the practical full duplex BS, it’s not necessary to consider the combination of all approaches to suppress the interference from the transmitter to receiver, only part of the combination could be also enough to ensure its receiver performance. The details for the feasibility of FR1 full duplex BS could be found in section 2.2. 
Observation 1: for FR1 full duplex BS, the following approach could be used to handle the self-interference:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver;
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL sub-band;
4) Sub-band filtering of receiver to reject the power from the transmitter;
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.
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Figure 2. general illustration of FR2 full duplex BS
As shown in the above Figure 2 for FR2 full duplex BS, similar as FR1 full duplex BS, to handle the self-interference from the transmitter to its own receiver, there would be following potential approaches to mitigate the interference to ensure its receiver performance:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver; [not applicable]
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL;
4) Sub-band filtering of receiver to reject the power from the transmitter; [not applicable]
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.
For the linear of RSI of FR2 SBFD BS could be modeled as following taken the above factors into account:


In addition, it should be noted that sub-band filtering has been crossed out since it might be not typical and feasible to suppress the interference from transmitter to receive due to its slow rolling off slope of its filtering response. 
Observation 2: for FR2 full duplex BS, the following approach could be used to handle the self-interference:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver; [not applicable]
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL;
4) Sub-band filtering of receiver to reject the power from the transmitter; [not applicable]
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.

As analyzed in the previous section, the RSI due to transmitter leakage and receiver channel selectivity could be different since not all of the contributing factor in above formula of RSI are common for transmitter leakage and receiver channel selectivity. The total interference received by the receiver at the end should be lower than -6dB of noise floor which was agreed to have 1dB sensitivity degradation as starting point in the last RAN4 meeting, however there are lots of other factor as agreed to be checked for the feasibility study of SBFD BS e.g. receiver in-band blocking, AGC, dynamic range requirements.
Observation 3: RSI between due to transmitter leakage and receiver channel selectivity could be different since not all of the contributing factor in above formula of RSI are common for transmitter leakage and receiver channel selectivity

2.2. Self interference analysis and RF requirement impacts
In the following section, we want to share some initial views on feasibility analysis for self interference of full duplex BS for both FR1 and FR2. 
2.2.1. FR1 full duplex BS
For FR1 full duplex BS, we want to use the Medium range BS as example case and could further discuss other BS types supporting full duplex operation. For Medium range BS supporting full duplex, it’s assumed to operate at 4.9GHz, with 100MHz, 30kHz, and 50MHz DL sub-band, 50MHz UL sub-band. To ensure the enough self interference mitigation between transmitter and receiver, the following combination of mitigation approaches has been considered and open for other combination of mitigation approaches.
1) Free space isolation:
Firstly of all, as indicated in section 2.1, it’s quite typical implementation to have the separate transmitter and receiver to provide the certain level of isolation. Here we assumed that separation distance between transmitter antenna and receiver antenna is 0.12m which will result in 28dBc free space isolation.


2) Antenna isolation 
Secondly considering isolation between sub-array of transmitter and sub-array of receiver and sub-array is placed on the plane and side by side with separation distance as 0.12m, then the Antenna isolation between transmitter and receiver considering the free space pathloss would be
Antenna isolation=28dBc+12(Tx gain)+12 (Rx gain)=54.2dBc  
It should be noted that without considering the other blockage material between transmitter and receiver. With increasing the separation distance and other blockage material placed between the transmitter and received, it could be expected that higher coupling loss could be achieved between transmitter and receiver.
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Figure 2.2.1-1. antenna element pattern for full duplex BS [3dB beamwidth 90 degree]
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Figure 2.2.1-2. antenna array pattern for full duplex BS [3dB beamwidth 90 degree]
For other self interference mitigation factor are listed in the following table, it could be found that referense degradation  around 1/0.8dB could be achieved based on the proposed contributing factors which is also aligned with the agreement reached in last RAN4 meeting to have 1dB sensitivity degradation as starting point.
Table 2.2.1-1. self interference analysis for FR1 Medium range BS supporting full duplex operation
	BS class 
	Company

	Medium range BS
	ZTE

	System parameters
	Value

	Operating frequency, Fc
	4.9GHz

	DL BW
	50MHz

	UL BW
	50MHz

	SCS
	30kHz

	GB
	Left up to implementation if analog sub-band filtering is considered

	Antenna configuration
	4x4 for transmitter 
4x4 for receiver 

	Separation distance between Tx panel and Rx panel
	0.12m

	Self interference mitigation factors
	Value [dB]

	Antenna isolation from transmitter to receiver; ①
	50dBc

	Sub-band filtering of transmitter to further reject the leakage into the receiver; ②
	[30]

	ACLR of transmitter which is mainly determined by the PA performance and digital filtering implemented for DL; ③
	45dBc

	Sub-band filtering of receiver to reject the power from the transmitter; ④
	46dB

	ACS of receiver to reject the power from the transmitter by digital filtering;⑤
	46dB

	Digital interference cancellation at receiver;⑥
	[30]

	RF interference cancellation; ⑦
	NA

	Beam nulling/isolation; ⑧
	NA

	Self interference calculation at receiver baseband (Note 1)
	Value [dBm]

	From transmitter leakage perspective ①
	31dBm-45(ACLR)-50(antenna isolation)-30(digital cancellation/sub-band filtering)-10*log10(50*10)
=-121dBm/100kHz

	From receiver channel selectivity perspective: ②
	31dBm-50(antenna isolation)-45 (sub-band filter)-46dB (ACS)-10*log10(50*10)
= -136.9897dBm/100kHz

	Total interference of ①+②
	

	Self interference calculation at receiver LNA input (Note 2)
	Value [dBm]

	Received power within freq range of wanted signal ③
	31dBm-45(ACLR)-50(antenna isolation)
=-64dBm>-67.1dBm interference level of dynamic range requirement of 50MHz

	Received power within freq range of DL signal ④
	31dBm-50(antenna isolation)-45 (sub-band filter)
= -54dBm<-50dBm for ACS requirement and -38dBm for IBB requirements of 50MHz

	Noise figure impact due to AGC impact
	FFS

	Receiver phase noise reciprocal mixing due to large input power from transmiter
	NA

	NOTE 1: If referense degradation due to self-interference of full duplex BS is expected to1dB, then the total interference received should be -174dBm/Hz+10*log10(100*10^3)+10dB-6dB= -120dBm/100kHz
NOTE 2: The received power at the receiver LNA should be taken into account, otherwise this might be blocked due to the high input power. 


Observation 4: it seems feasible to support the full duplex operation for Medium range BS.
Proposal 1 : for FR1 full duplex BS, to consider the self interference mitigation approaches as mentioned in table 2.2.1-1 to different BS class supporting the full duplex operation and its detailed value could be further studied.
2.2.2. FR2 full duplex BS
For FR2 full duplex BS, we want to use the Medium range BS as example case and could further discuss other BS types supporting full duplex operation. For Medium range BS supporting full duplex, it’s assumed to operate at 30GHz, with 200MHz, 120kHz, and 100MHz DL sub-band, 100MHz UL sub-band. To ensure the enough self interference mitigation between transmitter and receiver, the following combination of mitigation approaches has been considered and open for other combination of mitigation approaches.
1) Free space isolation:
Firstly of all, as indicated in section 2.1, it’s quite typical implementation to have the separate transmitter and receiver to provide the certain level of isolation. Here we assumed that separation distance between transmitter antenna and receiver antenna is 0.2m which will result in 44dBc free space isolation.


2) Antenna isolation 
Secondly considering isolation between sub-array of transmitter and sub-array of receiver and sub-array is placed on the plane and side by side with separation distance as 0.2m, then the Antenna isolation between transmitter and receiver considering the free space pathloss would be
Antenna isolation==48dBc+23(Tx gain)+23 (Rx gain)+2.2=96.2dBc
It should be noted that without considering the other blockage material between transmitter and receiver. With increasing the separation distance and other blockage material placed between the transmitter and received, it could be expected that higher coupling loss could be achieved between transmitter and receiver.
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Figure 2.2.2-1. antenna element pattern for full duplex BS [3dB beamwidth 65 degree]
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Figure 2.2.2-2.. antenna array pattern for full duplex BS [3dB beamwidth ]

For other self interference mitigation factor are listed in the following table, it could be found that referense degradation due to self-interference would be around 0.8dB which seems acceptable from RAN4 perspective which is much less than the impact of the legacy ACS/blocking impacts.
Table 2.2.2-1. self interference analysis for FR2 example Wide area BS supporting full duplex operation
	BS class
	Company

	Wide area BS
	ZTE

	System parameters
	Value

	Operating frequency, Fc
	30GHz

	DL BW
	100MHz

	UL BW
	100MHz

	SCS
	120kHz

	GB
	To follow the guardband defined in 38.104

	Antenna configuration
	8x8 for transmitter with 8dBm per antenna element
8x8 for receiver 

	Separation distance between Tx panel and Rx panel
	0.2m

	Self interference mitigation factors
	Value [dB]

	Antenna isolation from transmitter to receiver; ①
	96dBc

	Sub-band filtering of transmitter to further reject the leakage into the receiver; ②
	N/A

	ACLR of transmitter which is mainly determined by the PA performance and digital filtering implemented for DL; ③
	28dBc

	Sub-band filtering of receiver to reject the power from the transmitter; ④
	N/A

	ACS of receiver to reject the power from the transmitter by digital filtering;⑤
	24dB

	Digital interference cancellation at receiver;⑥
	N/A

	RF interference cancellation; ⑦
	N/A

	Beam nulling/isolation; ⑧
	N/A

	Self interference calculation at receiver baseband (Note 1)
	Value [dBm]

	From transmitter leakage perspective ①
	26dBm-28(ACLR)-96(antenna isolation)-10*log10(50*10)
=-125dBm/100kHz

	From receiver channel selectivity perspective: ②
	26dBm-96(antenna isolation)-24dB (ACS)-10*log10(50*10)
= -120.9897dBm/100KHz

	Total interference of ①+②
	

	Self interference calculation at receiver LNA unit input (Note 2)
	Value [dBm]

	Received power within freq range of wanted signal ③
	26Bm-28 ACLR-96(antenna isolation)
=-98dBm
Note: there is no FR2 Rx dynamic range requirements defined .

	Received power within freq range of DL signal ④
	26dBm-96(antenna isolation)
= -70dBm <-83dBm (refesens)+27.7 ACS

	Noise figure impact due to AGC impact
	FFS

	Receiver phase noise reciprocal mixing due to large input power from transmiter
	FFS

	NOTE 1: If referense degradation due to self-interference of full duplex BS is expected to 1dB, then the total interference received should be -174dBm/Hz+10*log10(100*10^3)+10dB-6dB= -120dBm/100kHz
NOTE 2: The received power at the receiver LNA should be taken into account, otherwise this might be blocked due to the high input power. 



Observation 5:for FR2 BS,  it seems feasible to support the full duplex operation for Wide area BS with only the antenna isolation considered.
Proposal 3 : for FR2 full duplex BS, to consider the self interference mitigation approaches as mentioned in table 2.2.2-1 with the removal of sub-band filtering to different BS class supporting the full duplex operation and its detailed value could be further studied.
2.3. Others
Potentially impacted RF requirement for SBFD capable gNB
Agreement: 
· RAN4 further study on the necessity of new RF requirements for SBFD operation with candidates as below:
· In-channel adjacent subblock leakage ratio (new)
· In-channel adjacent subblock Blocking (new)
· Receiver OTA REFSENS (FFS)
· Receiver intermodulation (FFS)
· Transmitter intermodulation (for FR2 only)
· Other proposals on new RF requirement(s) not precluded
From our understanding, receiver OTA REFSENS requirement and receiver intermodulation requirement for both FR1 and FR2 would be impacted. 
For FR1 SBFD BS, the BeWθ,REFSENS and BeWφ,REFSENS to derive the ΔOTAREFSENS might be different from legacy TDD BS or BS in non-SBFD slots which depend on practical implementation, therefore at least different declaration for BeWθ,REFSENS and BeWφ,REFSENS for SBFD BS or SBFD slots and its corresponding OTA REFSENS requirement are needed to be specified. 
In addition, it should be noted that 1dB sensitivity degradation for SBFD BS should be also considered as well, this will result in different OTA REFSENS requirement definition at the end.

Lastly, we think that following spec description for SFBD should be updated accordingly since for SBFD operation in TDD band, its Tx chain should be also turn on at the same time similar as FDD operation.

-	For FDD operation the requirements shall be met with the transmitter unit(s) ON.
-	Throughput requirements defined for the radiated receiver characteristics do not assume HARQ retransmissions.
NOTE 1:	In normal operating condition the BS in FDD operation is configured to transmit and receive at the same time.
NOTE 2:	In normal operating condition the BS in TDD operation is configured to TX OFF power during receive period.
Proposal 4: to specify additional Receiver OTA REFSENS for SBFD BS;

Regarding the Rx intermodulation requirements for SBFD BS receiver, compared with legacy Rx intermodulation with 1 CW interfering signal and one WB/NB interfering signal, additional downlink WB interfering signal should be considered, therefore we need to further check its impacts on especially for IMD impacts on the wanted signal part. 
Proposal 5: to specify additional Rx intermodulation requirement for SBFD BS; 


Existing requirement without impact for SBFD capable gNB
Agreement: 
· RAN4 further study on: 
· FFS that existing RF requirements with respect to wanted signal as below are still applicable for gNB capable of SBFD
	Conducted RF requirement 
	Radiated RF requirement 

	BS output power
Output power dynamics
Transmit ON/OFF power
Transmitted signal quality
Occupied bandwidth 
Dynamic range
	Radiated transmit power
OTA base station output power 
OTA output power dynamics
OTA transmitted signal quality
OTA occupied bandwidth
OTA sensitivity 
OTA dynamic range


· FFS that receiver out-of-band blocking and receiver spurious emission requirement in TS38.104 are still applicable gNB capable of SBFD.
· With new requirement for SBFD operation (to be discussed in the previous issue), FFS that below requirement would be remained unchanged with respect to SBFD operation. 
	Conducted RF requirement 
	Radiated RF requirement 

	Operating band unwanted emissions
Transmitter spurious emissions
Transmitter intermodulation
In-channel selectivity
	OTA out-of-band emission
OTA transmitter spurious emission
OTA transmitter intermodulation for BS type 1-O
OTA in-channel selectivity



Regarding the dynamic range requirement for SBFD BS, we think that this still depends on further simulation evaluations. At least we could see two potential co-channel interference potentially impacts on the IoT level of dynamic range requirements. 
1)  Self interference from its own transmitter. Self interference is marginal compared with FR1 IoT level as 20dBc;
2) Co-channel interference from other co-site gNB or inter-site gNB; 
Proposal 6: to further evaluate the dynamic range requirement for SBFD especially for IoT levels; 

Regarding the OTA sensitivity requirement for SBFD BS, at least one 1dB sensitivity degradation could be expected, therefore different from the legacy OTA sensitivity requirement definition, with its transmitter turned ON for receiver conformance testing, then 1dB sensitivity degradation could be expected; 
Proposal 7: to specify the OTA sensitivity requirement with 1dB performance degradation when transmitter is turn ON. 

Regarding receiver out-of-band blocking requirement, this might be similar as dynamic range requirement mentioned before, the potential block signal is not coming from UE uplink transmission, it might be coming from BS downlink transmission. For FR2 OOBB requirement 0.1 V/m defined in Rel-15, it has already been with the assumption that interfering signal coming from downlink FR2 BS with 55dB EIRP and 200m separation distance, therefore it should be okay for it.
For FR1 OOBB requirement -15dBm, this could be further checked whether this could be sufficient enough to be applicable for SBFD BS. In general, -15dBm has already been very stringent requirement defined for BS side, we think that this could be applicable for it. 
Proposal 8: the legacy interfering signal of OOBB requirement could be still applicable for SBFD BS, however its wanted signal could be REFSENS+7dB instead of REFSENS+6dB; Other F_OOBB requirement could be still reused from the legacy one.

Regarding receiver spurious emission requirements, similar as legacy FDD BS, it is highly depending on connector or TAB connector assumption, if separated connectors for transmitter and receiver, then the legacy receiver spurious emission could be applicable. If the common connector between transmitter and receiver, then Tx requirement should be applicable since Tx spurious emission is much higher than receiver spurious emission.

For FR1 OTA receiver spurious emission of SBFD BS, receiver spurious emission requirement is not needed since this cannot be distinguished from transmitter spurious emission if both transmitter and receiver is turn ON. 
For FR2 OTA receiver spurious emission of SBFD BS, the current receiver spurious emission requirement is the same as transmitter spurious emission requirement which is different from FR1 Tx and Rx spurious emission requirements. In other words, for FR2 receiver spurious emission requirement, with both transmitter and receiver turn on, then its total spurious emission requirement should be the sum of transmitter and receiver in the OTA chamber.

Proposal 9: for FR1 SBFD with separated connectors of downlink and uplink, then legacy receiver spurious emission requirement could be still applicable;  for FR1 SBFD with common connectors of downlink and uplink, then legacy receiver spurious emission requirement is not applicable and to follow the transmitter spurious emission requirements;
Proposal 10: for FR1 OTA spurious emission requirement, receiver spurious emission requirement is not needed if if both transmitter and receiver is turn ON.
Proposal 11: for FR2 OTA spurious emission requirement, spurious emission requirement should be sum of transmitter spurious emission and receiver spurious emission.


In addition, in the last RAN4 meeting, there were some discussions for digital IC for co-site inter-sector gNB-gNB CLI, from our understanding, the digital IC is still feasible to handle the co-channel inter-subband CLI in the co-site inter-sector. if the sampled data of post-PA of aggressive BS could be shared with victim receiver. 
	Agreement on feasibility and how to model co-site inter-sector gNB-gNB CLI modelling: similar modelling as for self-interference(RSI) can be applied but may with different parameters especially on antenna isolation
· FFS on possibility to apply digital IC for this case




Observation 6: digital IC is feasible to handle the co-channel inter-subband CLI in the co-site inter-sector.
Conclusions
In this contribution, we want to share initial views on from the self-interference and CLI for full duplex BS and observations and proposals are made as following:
Observation 1: for FR1 full duplex BS, the following approach could be used to handle the self-interference:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver;
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL sub-band;
4) Sub-band filtering of receiver to reject the power from the transmitter;
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.
Observation 2: for FR2 full duplex BS, the following approach could be used to handle the self-interference:
1) Antenna isolation from transmitter to receiver;
2) Sub-band filtering of transmitter to further reject the leakage into the receiver; [not applicable]
3) Sub-band ACLR of transmitter which is mainly determined by the PA performance and digital filtering/DPD performance implemented for DL;
4) Sub-band filtering of receiver to reject the power from the transmitter; [not applicable]
5) Sub-band ACS of receiver to reject the power from the transmitter by digital filtering;
6) Digital interference cancellation at receiver;
7) RF interference cancellation;
8) Beam nulling/isolation.

Observation 3: RSI between due to transmitter leakage and receiver channel selectivity could be different since not all of the contributing factor in above formula of RSI are common for transmitter leakage and receiver channel selectivity
Observation 4: it seems feasible to support the full duplex operation for Medium range BS.
Proposal 1 : for FR1 full duplex BS, to consider the self interference mitigation approaches as mentioned in table 2.2.1-1 to different BS class supporting the full duplex operation and its detailed value could be further studied.
Observation 5: for FR2 BS, it seems feasible to support the full duplex operation for Wide area BS with only the antenna isolation considered.
Proposal 3 : for FR2 full duplex BS, to consider the self interference mitigation approaches as mentioned in table 2.2.2-1 with the removal of sub-band filtering to different BS class supporting the full duplex operation and its detailed value could be further studied.
Proposal 4: to specify additional Receiver OTA REFSENS for SBFD BS;
Proposal 5: to specify additional Rx intermodulation requirement for SBFD BS; 
Proposal 6: to further evaluate the dynamic range requirement for SBFD especially for IoT levels; 
Proposal 7: to specify the OTA sensitivity requirement with 1dB performance degradation when transmitter is turn ON. 
Proposal 8: the legacy interfering signal of OOBB requirement could be still applicable for SBFD BS, however its wanted signal could be REFSENS+7dB instead of REFSENS+6dB; Other F_OOBB requirement could be still reused from the legacy one.
Proposal 9: for FR1 SBFD with separated connectors of downlink and uplink, then legacy receiver spurious emission requirement could be still applicable;  for FR1 SBFD with common connectors of downlink and uplink, then legacy receiver spurious emission requirement is not applicable and to follow the transmitter spurious emission requirements;
Proposal 10: for FR1 OTA spurious emission requirement, receiver spurious emission requirement is not needed if if both transmitter and receiver is turn ON.
Proposal 11: for FR2 OTA spurious emission requirement, spurious emission requirement should be sum of transmitter spurious emission and receiver spurious emission.
Observation 6: digital IC is feasible to handle the co-channel inter-subband CLI in the co-site inter-sector.
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Source:

ZTE

Corporation

Title:

Further

discussion

on

self-interference

and

CLI

for

full

duplex

from

BS

perspective

Document

for:

Approval

1.

Introduction

In

RAN#94e

meeting,

the

work

item

[RP-221352]

on

study

on

evolution

of

NR

duplex

operation

was

approved

as

one

of

Rel-18

RAN1

package.

During

the

last

RAN4

meeting,

there

were

some

initial

discussion

with

some

progress

reached

in

[5].

In

this

contribution,

we

want

to

share

some

further

views

on

from

the

self-interference

and

co-channel

CLI

for

full

duplex

BS.

2.

Discussion

2.1.

RF

architecture

for

full

duplex

BS

First

of

all,

before

the

discussion

for

the

details

of

self

interference

of

full

duplex

BS,

it

’

s

necessary

to

have

the

overview

of

RF

architecture

of

full

duplex

BS.

As

shown

in

the

following

figure

1

for

FR1

full

duplex

BS

and

FR2

full

duplex

BS.

