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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 [3]. 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. 
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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]

[image: ]
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/ Medium range BS
	Company/ZTE

	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

	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.
Proposal 2: for FR1 full duplex BS, to check the feasibility from both refesens degradation and LNA blocking perspective.
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 Wide area BS supporting full duplex operation
	BS class/ Wide area BS
	Company/ZTE

	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

	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: 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: for FR2 full duplex BS, to check the feasibility from both refesens degradation and LNA blocking perspective.
2.3. CLI for Co-channel scenario
In the following section, we provide some initial overview for co-channel CLI from both gNB to gNB and UE to UE perspective.
2.3.1. Interference analysis from gNB perspective
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Figure 2.3.1-1. inter-site gNB-gNB co-channel inter-subband CLI
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Figure 2.3.1-2. co-site inter-sector gNB-gNB co-channel inter-subband CLI

For inter-site gNB-gNB co-channel intra-subband CLI and co-site inter-sector gNB-gNB co-channel intra-subband CLI, this should be further discussed in RAN4 whether this scenario is feasible or not. At least from our understanding, it’s quite difficult to mitigate the co-channel intra-subband interference.
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Figure 2.3.1-3. inter-site gNB-gNB co-channel intra-subband CLI [ Low priority, this should be discussed in RAN1 firstly]
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Figure 2.3.1-4.co-site inter-sector gNB-gNB co-channel intra-subband CLI [ Low priority, this should be discussed in RAN1 firstly]

2.3.2. Interference analysis from UE perspective

[image: ]
Figure 2.3.2-1. inter-site UE-UE co-channel inter-subband CLI
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Figure 2.3.2-2. co-site inter-sector UE-UE co-channel inter-subband CLI

Similar as inter-site gNB-gNB co-channel intra-subband CLI and co-site inter-sector gNB-gNB co-channel intra-subband CLI, the following two scenarios (e.g.inter-site UE-UE co-channel intra-subband CLI and co-site inter-sector UE-UE co-channel intra-subband CLI ) should be further discussed in RAN4 whether this scenario is feasible or not. At least from our understanding, it’s quite difficult to mitigate the co-channel intra-subband interference.
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Figure 2.3.2-3. inter-site UE-UE co-channel intra-subband CLI [ Low priority, this should be discussed in RAN1 firstly]


[image: ]
Figure 2.3.2-4. co-site inter-sector UE-UE co-channel intra-subband CLI [ Low priority,this should be discussed in RAN1 firstly]
2.4. Others
In the last RAN4 meeting, we reached on the consensus that RSI can be modelled as (almost) frequency flat at least could be scaled to sub-band level, however there are still some remaining issues as following.
· FFS on guard band assumption between sub-band for SBFD 
· FFS on necessity/feasibility of RB level scaling
Firstly, regarding the guard band between the sub-band, from our understanding, the guard band is still needed since the digital filtering on sub-band should be applied to achieve the required ACLR and ACS as assumed in the previous table for the feasibility study. 
Secondly, regarding the necessity of RB level scaling, this should be necessary from coexistence study perspective since the scheduling granularity in the frequency domain in the uplink sub-band for each UE should be PRB level in practice
Proposal 5: propose to consider guard band between sub-band for SBFD BS to achieve the ACLR/ACS requirement on top of sub-band.
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.

For co-channel inter-subband UE-UE CLI model, the currently baseline assumption for UE transmitter is to follow the in-band emission requirements, however from our understanding, if sub-band for UE is configured in UE specific carrier level, then UE ACLR requirement could be still applicable. Similar logic could be also applicable for Rx side if sub-band is configured as UE specific carrier level.
Observation 7:  if sub-band is configured in UE specific carrier level instead of BWP level, then UE ACLR/ACS requirement could be still applicable.
	Candidate considerations for UE-UE CLI model: 
· TX model can refer to existing UE requirement in TS38.101-1 and TS38.101-2
· In band emission as starting point
· FFS is not precluded for other candidates such as ACLR
· RX model can refer to existing UE requirement in TS38.101-1 and TS38.101-2
· Maximum input power as threshold based on above specification
· FFS is not precluded for other candidates such as ACS, ICI, and estimated RX model based on legacy UE. 





For co-channel inter-subband UE-UE CLI model, the currently baseline assumption for UE transmitter is to follow the in-band emission requirements, however from our understanding, if sub-band for UE is configured in UE specific carrier level, then UE ACLR requirement could be still applicable. Similar logic could be also applicable for Rx side if sub-band is configured as UE specific carrier level.
Observation 8:  if sub-band is configured in UE specific carrier level instead of BWP level, then UE ACLR/ACS requirement could be still applicable.

For the modelling of co-site gNB-gNB CLI modelling, we don’t see the big difference between Alternative 1 and Alternative 2, these Alternative could be combined from our understanding.
For the modelling of inter-site gNB-gNB CLI modelling, it was mentioned in the last RAN4 meeting that antenna pattern for wanted signal and interference signal might be different, however back to Rel-11 AAS SI, there are no big evaluation difference between full correlated assumption and partially correlated assumption for unwanted signal. In other words, this will just increase the simulation workload without causing too much difference.
	Agreement on feasibility and how to model co-site gNB-gNB CLI modelling:
· Proposal : as no path loss model applicable this modelling could be different compared with inter-site gNB-gNB CLI modelling with below alternatives:
· Alternative 1: ACLR and ACS based with potential other solution from SBFD capable gNB to cancel co-cite adjacent channel interference(i.e. ACLR from the SBFD gNB towards the victim or ACS impact from the aggressor towards the SBFD gNB)
· A non-SBFD aggressor or victim in the adjacent channel should be assumed to have ACLR or ACS according to the RAN4 specifications
· Note: RAN4 will further study the possibility of improved performance/requirements compared to existing referred requirements list above.
· Alternative 2: similar modelling as for self-interference(RSI) can be applied but may with different parameters especially on antenna isolation and required overall isolation if both gNBs with SBFD capability  
· And digital IC is not feasible if gNBs belong to different operators for this case
Agreement on feasibility and how to model inter-site gNB-gNB CLI modelling considering unwanted emission and receiver selectivity:
·  Proposal: to agree with gNB ACLR based model on TX and gNB ACS requirements based model on RX
· Path loss should be addressed due to distance between gNBs.
· FFS on separate calculation from ACLR and ACS perspective to address potential different antenna gain for wanted signal and unwanted signal (e.g.different antenna modelling for wanted signal and unwanted signal). 
· Note: RAN4 will further study the possibility of improved performance/requirements compared to existing referred requirements list above.




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.
Proposal 2: for FR1 full duplex BS, to check the feasibility from both refesens degradation and LNA/ blocking perspective.
Observation 5: 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: for FR2 full duplex BS, to check the feasibility from both refesens degradation and LNA blocking perspective.
Proposal 5: propose to consider guard band between sub-band for SBFDBS to achieve the ACLR/ACS requirement on top of sub-band.
Observation 6: digital IC is feasible to handle the co-channel inter-subband CLI in the co-site inter-sector.
Observation 7:  if sub-band is configured in UE specific carrier level instead of BWP level, then UE ACLR/ACS requirement could be still applicable.
Observation 8:  if sub-band is configured in UE specific carrier level instead of BWP level, then UE ACLR/ACS requirement could be still applicable.
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2.1

Source:

ZTE
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Title:

Further

discussion
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self-interference

and

CLI

for

full

duplex

BS

Document

for:

Discussion

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

[3].

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.

